

VOL. I 


INDEX OF SECTIONS 
for Ready Reference 

ttBCTlON PAOIIH 

L MIITERALOGY. 1-63 

2. GEOLOGY AND MINERAL DEPOSITS. 1-34 

3. EARTH EXCAVATION. 1-19 

4. EXPLOSIVES. 1-32 

6. ROCK EXCAVATION. 1-29 

6. TUNNELING. 1-29 

7. SHAFT SINKING IN ROCK. 1-33 

8. SHAFT SINKING IN UNSTABLE AND WATERBEARING 

GROUND. 1-26 

9. BORING. 1-71 

10. PROSPECTING, DEVELOPMENT AND EXPLOITATION 

OF MINERAL DEPOSITS. 1-640 

10-A. GEOPHYSICAL PROSPECTING. 1 42 

11. UNDERGROUND TRANSPORT. 1-47 

12. HOISTING PLANT, SHAFT POCKETS AND ORE BINS . 1-136 

13. DRAINAGE OF MINES. 1-21 

14. MINE VENTILATION. 1-66 

INDEX. 1-63 


For List of Subjects for Vol. II, see inside of back cover. 






















MINING ENGINEERS’ 
HANDBOOK 




WILEY ENGINEERING HANDBOOK 


SSRIE] 


HANDBOOK OF BNGINBEBING MATE- 
RIALS. Edited Dowqlais F. Honai and 
John B* Sbabtonb. 

HANDBOOK OF El^GlNEBRlNG FUNDA¬ 
MENTALS. Second Edition. Edited by 
Ovid W. Esbbacb 

KENTS MECHANICAL ENGINEERS* HAND¬ 
BOOK. Twdfth Ekiition. 

DESIGN AND PRODUCTION. Edited by 
CoUN Cahmichael. 

POWE31. Edited by J. K. Sausbuht. 

ELECTRICAL ENGINEERS* HANDBOOK. 
Fourth Edition. 

ELECTRIC POWER. Edited by Habold 
Pbnder and Wxiajiam A. Dm. Mah. 

ELECTRIC COMMUNICATION AND 
ELECTRONICS. Edited by Habold Pen- 
DEB and Knox McIlwain. 

MINING ENGINEERS* HANDBOOK. Third 
Edition. Edited by the late Robebt Pbelb. 

HANDBOOK OF MINERAL DRESSING. 

ORES AND INDUSTRIAL MINERALS. 
Edited by Abthub F. Taooabt. 




MINING ENGINEERS 
HANDBOOK 


WRITTlfiN BT A BtAJFF OF FOBTY-SDC SPSCIAUaTS 
UNDER THE EDITORSHIP OF 

ROBERT PEELE 

Latb PBoraasoB SbiEBmiB Of Mumro EMoiNXBHma cr 
THB SCHOCMU OF McnOS, CoiiUlIBlA UnIWHSITT 

WITH THE COLLABORATION OF 

JOHN A. CHURCH 

MnoNa AKD MB^AUAntcncAXi Ekqimbir 


THIRD EDITION 

Tbnth I^ntxnq 


IN TWO VOLUMES 
VOL. I 


AMERICAN UNIVERSITY CENTER 

U S1 S - Calcutta 


WILEY EASTERN PRIVATE LIMITED 

MEW DELHI 



PfJESENTEP BY USIS 


third Edition 1941 
Eleventh Printing, Februaiy 1960 


This book 15 not to be sold outside 
the country to which it is consigned 
by Wiley Eastern Private Limited 
Sales Area India, Pakistan, Ceylon and Burma 

This book has been published with the assistance of the Joint 
Indian—American Standard Works Programme 


Ki II 00 per \otume 


Published by Anand R Kundaji for Wiley Eastern Private Limited, 
J 31, South Extension 1, New Delhi 3 and Printed by Sudhir Balsaver 
at Usha Printers, 6 Tolloch Road. Bombay 1 Printed in India 



PUBUSHER’S PREFACE 


In making plans for new editions of our handbooks in mechanical engineering and in 
electrical engineering, it soon became clear that engineering sei^ce and inractice had 
devdoped to such an extent that handbooks were growing t^ond all practical bounds. 
They had become both bulky and inconvenient and contained much duplicate material. 
In order to solve the problems presented by these conditions, the editors of our various 
handbooks were asked to serve as an advisory editorial board. 

This board recommended, first, that the fundamental material underlying all cngi> 
neering be published in a separate volume, and, second, that the existing handbooks as 
they are revised be issued in several volumes containing material closely related to the 
specialized branches of engineering. As a result of these recommendations, the Wiley 
Engineering Handbook Reries has been initiated, which in the begdnning will comprise the 
foUowing: Eshbach’s “Handbook of Engineering Fundamentals"; Kent’s "Mechanical 
Engineers’ Handbook" in two volumes, viz., “Power” and “Design and Shop Practice”; 
Pender’s “Electrical Engineers’ Handbook” in two volumes, viz., “Electric Power” and 
“Communication and Electronics”; Period "Mining Engineers* Handbook.” 

This division has also made it possible to devote more space to the various topics so 
that the entire new series of handbooks contains more complete information on ^ topics 
than heretofore has been possible. It is our hope that this new plan will give engineers 
information that is more uBeiyh more complete, and in more convenient form. 

John Wilbt A Sons, Ino. 





PREFACE TO THIRD EDITION 


Hie first edition of this book was published early in 1918. In preparing the second 
edition, issued in 1927, many ohangc» in subject matter were found necessary, as set forth 
in the preface to that edition, and references to them need not be repeated here. Most 
of these alterations were called for by the progressive modifications of mining methods 
and appliances, and the development of new methods. Much new matter wais added, 
some of the older text omitted, and some sections of the book were almost entirely 
rewritten. 

Rewriting the present edition made necessary the radical revision of text and illus¬ 
trations of Sections 3, 4, fi, 8, 10, lOA, 12, 14, 15, 16, 22, 24, 26, 27, 32, 33, 35 and 40, 
together with minor changes in many other parts of ^e book. 

Especial attention is called to the following: (a) important new matter throughout 
Section 10, on furtho* changes in practi<» in “Methods of Mining," by James F. 
McClelland, Vice Prmident of Phelps Dodge Corp; (b) new articles 24 to 28 of renumbered 
Section 43; (c) a valuable new Section 44, on “Petroleum Production,” by S. F. Shaw, 
has been added; (d) the marked advance of “Geophysical Prospecting” during the past 
decade has made advisable the addition of an entirely new Section lOA, on that subject, 
by Frederick W. Lee, of the U. S. Geological Survey. This Section repl^s, in greatly 
expanded form, the data formerly contained in Articles 3 and 4 of Section 10; (e) Section 14, 
on “ Mine Ventilation," has been almost wh lly rewritten by George E. McElroy, of the 
U. S. Bureau of Mines; (f) radical revisions ha've also been made in Section 12, “Hoist¬ 
ing Plant, Shaft Pockets and Ore Bins," by Professor Philip B. Bucky, of the Columbia 
School of Mines, and of Section 15, “Compressed Air Practice," by A. W. Loomis, of the 
Ingersoll-Rand Co; (g) the wide development of methods and devices for underground 
handling and conveying of mineral has led to the transfer of most of the data, formerly 
in Article 92 of Section 10, to Section 27, the first part of which has been rewritten and 
expanded by Walter M. Dake, Research Manager of the McGraw-Hill Publishing Co. 

The preparation of this edition has further required resetting the entire book. A 
larger format was necessary, since the two volumes of the Third Edition are Nos VI and 
VII of the new Wiley Engineering Handbook Series. This change, together with the 
extensive revisions of text already referred to, has consumed much more time and labor 
than were required for the second edition. 

To the list of deaths of the original Associate Editors, noted in the preface to the 
second edition, the following names must now be added: Edwin S. Jarrett (Sec. S), 
F. Ernest Brackett (Sec. 14), Richard T. Dana (Sec. 15) T. R. Woodbridge (^c. 29), 
E. J. Hall (Sec. 30;, and Charles H. Burnside (Sec. 36). 

For various reasons, a number of associate editors of the second edition were unable 
to serve again. Their places have been taken by: Clinton L. Bogert (Sec. 3), 
Samuel R. Russell (Elec. 5), Charles F. Jackson (Sec. 6), Ralph H. Chambers (Sec. 8), 
Philip B. Bucky (Sec. 12), George E. McElroy (Sec. 14), A. W. Loomis (^c. 15), 
Walter M. Dake (Sec. 27), J. B. Morrow and staff (part I of Sec. 35), and Theodore 
Baumeister, Jr. (Sec. 40). For further information, as to these accessions to the list oi 
Assodate Editors, see the Table of Contents. 

It is a pleasure to acknowledge the effident collaboration of my friend John A. Church, 
in connection with this new edition. Besides being the Assodate Editor of Section 7, 
on “Shaft Sinking in Rock,’- he has done a large amount of work in revising manuscripts, 
as received from the contnbutors to the book, and in the preparation of illustrations 
for the engraver. 

. Robsbt Pxblb 

New Yoke, 

March, 1941 
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P!B£FAC9 to TlfiST BDItlON 

Thflre is a coiiaidetable Uteratore of miAln^ ootbiHrising treatisast tWctiboQk^k mono* 
CraidiB, papers publiidied in tbe tfansadCions of en^beeiing Bpo^e^es, ai^ ttie oontonts 
of the mining p^odi^alii. The treatises and textb^as larcaly d«soijptty<u an4 ars 
intended duefly for students. Among the best knowh are t&se or Foster. Hu|ih^ 
Hafton de la Oonpillike, Ehhler, Carbbessdd&8, CaUoh, Ponsdn, ^ulman and Redmarae, 
Bailee, Boulton, and Pamdy. ThdUj^ many of these l^ks are antiquated in their 
engineering features, some cd ilm older dhes (as 'tiiose of Callon and Hatpn) contain 
much that is still of value, aad mining engineers,would do wett to have aoqqaintanoe 
with them. Berides the general treatises there are the more recent monographs of 
Truscot, Hatch and Chalmers, and Denny, on the Witwatersrand goldfields, Cbarleton’s 
*‘Tin htines of the World," Hoover’s "PrinoipleB Of Mining,’’ Pinlay’a "Cost of Mining;’’ 
and a number of useful books on specific subjects relating to mining, or to the mechanical 
engineering of nunes. 

A vdid reason for bringing out a new Mining Engineers’ Handbook may be found 
in the fact that the two already in exiaienee dthw omit, or treat too brioSy, many fub- 
jecta which constitute important parts of the profOssioncd equipment of present day 
mining engineer. It wili be apparent, even on a cursory examination of the following 
pages, that a handbook of mining must include a greater variety of subject matter than 
books on other branoher of engineering, and that the field to be covered is too wicto to 
be dealt with satisfactorily by a single -writer within any reasonable period of time. 

In February and March, 1913, the Editor of this book outlined the table of contents, 
and in-vited a number of Associate Editors to contribute sections on their respective 
specialties. Besides those sections dealing with mineralogy, ore deposits, methods of 
prospecting, exploration and mimng, and mining plant of all kinds, there are others on 
certain branch^ of civil, electrical and mechanical engineering. It may be thought by 
some that this collateral material occupies too much space in a book on mining. But, 
in -view of the important part played by the allied branches of engineering in equipping 
and operating modern mines, the Editor belie-vea the allotment of space is reasonalde. 
He has endeavored to meet the demands not only of engineers concerned with the devel¬ 
opment and management of mines, but also of the large number of those who have more 
to do with, and greater interest in, the construction details involved in the installation 
of plant. Therefore, the aim has teen to supply such data on machinery, power plant, 
electric transmission uid structural design, as the mining engineer may need when in thr- 
field and out of reach of his personal notes and technical library. For office use, there 
is at the end of each section a bibliography of the more important books and papers on 
the subjects dealt with. 

In practice, no well-defined boundary exists between the fields of work of the mining 
engineer and the metallurgist. While, under some conditions and in some regions, the 
mining engineer’s functions end with the winning of the ore and its delivery to a custom 
reduction works (mill or smelter), in other cases the mining Compaq’s plant includes 
a concentrating mill, amalgamating or cyaniding works (as at many gold and silver 
mines), or e-ven a smelting establishment. In planning the book, the question arose as 
to how much space should properly be given to the •processes of ore treatnvmt. To 
cover any considerable part of the great field of modem metallurgy would be imprac¬ 
ticable, without extending the work beyond the limits of a single -volume. Realizing 
that the urgent need of a companion Handbook of Metallurgy must soon be supplied, 
it was decided, as a compromise, to furnish condensed summaries of those processes of 
treatment which are frequently carried on by mining companies themselves. ’The book, 
therefore, contains sections on ore-dressing, ore-testing, gold amalgamation, an outline 
of the cyanide process, the preparation of anthracite, bituminous coal and coke, and a 
brief r6sum6 of osrtam facta respecting the selling, purchasing, and metallurgical treat¬ 
ment of ores, that are of inunediate interest to the engineer in control of mining 
operations. 

The relatively small space allotted to coal mining is due chiefly to three considerations: 
first, a Coal-mining Foeketbook is already in existence; second, metai-miiung nuBthods 
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«« more varied than theae for coal, due to the greater divarsitjr in form and ocourrenoe 
of metalliferous deposits; third, having discus^ in Section 10, under Metal>mining 
Methods, the operations common to nearly all mining, the articles on coal mining are 
properly confined to the methods and data peculiar to that branch of the industry. 

The question of suppi^^ing cost data is difficult A large number of itemised tables 
are included in tbe sections on Cost of Miniitg, Esploitation of Mineral Deposits, Boring, 
and other subjects, but costs of maohineB and apparatus are given sparingly throuidtout 
the book. This has been judged best because of frequent price changes, and the great 
diversity of types of mechanical plant In any case, to make dose estimates, the engineer 
must apply to the makws for current pticea In some parts of the book, the names of 
machinery builders have been used freely, but without intention to indicate a preference 
for the prt^uct of any particular maker. 

‘While the Editor has aimed to make the s^de and arrangement uniform, he has had 
good reason to realise the difficulty of securing coxuustency in these matters, considering 
the heterogeneous nature of the subject matter, and the fact that it has been written 
or compil^ by so large a corps of Assodate Editors. In these circumstances, unity 
and evenness of treatment can hardly be expected, but an endeavor has been made to 
observe a reasonable proportion between the len^ of each section and its relative 
impmtanoe. To save space, abbreviations are employed for a few words in common use 
by engineers, and chemical elements and compounds are generally represented by their 
symbols. 

The thanks of the Editor are due to members of the staff for their painstaking work, 
in many oases carried on in the intervils between pressing professional engagements 
in thh field, and to the PubUshers for their liberal spirit of codperation in facilitating 
the preparation of the book. The Editor desires to express his especial appreciation 
of the valuable suggestions and assistanoe in revising manuscript and correcting proof, 
of Professor Edward K. Judd, of the Columbia School of Mines. It was planned to 
pubhsh this book in 1916. The breaking out of the Great War, about one year after 
the work was begun, is responsible in large measure for the delay. 

RoBnBT Pbbui 

Columbia School of Minbb, 

Nbw Yobs, December, 1917 
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IDENTIFICATION AND STUDY OF MINERALS 

L DEFIHTnONS 

On the bane of several thousand analyses the crust of the earth for a depth of about 
ten miles is estimated by Clarke, *' Dtdia of Geoehmiitry,'* to be composed almost entirely 
of compoimds of fourteen elements: 



Per 

cent 


Per 

cent 


Pw 

cent 

OmwMi... 


Rodium.. 

2 33 

Chlorine. 

0.21 



PA*.*marfeivn . a . - _ 

2.28 

. 

0.19 



VFm|ffiMiiim. .. 

2 24 

Phoephortu. 

0.11 


mm 

Hydrof^n . 

0.95 

Sulphur. 

0 II 




0 37 






TCtal. 

99 29 


Theae great elMomts, and tiie sixty or so others which form the remaining fraction of 
1%, occur in approximate^ 1500 different chemical combinations, known as minerals; 
that is, as homagmeon* substances of definite thettaeai eempoaition, found ready-made in 
nature, and not direeUy g product of the Kfe or decay of an organim. 

The tsto conditiona in which minerals may occur. A mineral, like other chemical 
substances, usually occurs mthw in crystals of characteristic shapes or in masses made up 
of many crystals so crowded together that the shapes are not evident, although in each 
grain of the aggregation the crystalline structure will be shown by the constancy of the 
properties in parallel directions and their variation in directions not pardlel. 

Any mini^ may in solidifying fail to assume a crystalline structure, because of too 
great viscosity, or too rapid cooling, or other cause. If this condition is invariaUe, the 
mineral is said to be amorphoue. Opal is the best example. Amorphous minerals are 
tow in number. 

2. IDENTIFICATION BY AID OF CRYSTALS 

forms of crystals aoe often a great aid in mineral identification. Symmetry, 
interfacial anides and crystal habit are also of value. Cleavage and markings on crsrstid 
faces are significant. 

Symmetry. In every complete crystal there is some repetition of angles and linularly 
grouped faces. By considering ^is no^alled " eymmetry ’* crystals may be grouped in 
divisions, and as all crystals <n any one mineral have the same grade of “ symmetry,'' 
they belong to the same symmetry division. 

In identifying an axis of symmetry imagine or actually cause the crystal to revolve 
about some prominent line through its centre. Note the groupings of faces at the initaal 
position. Note whether at any stage of the revolution the crystal faces appear to be aU 
coincident (rarely), or all parallel to the initial positions of other faces. Or, in other words, 
note whether groups o( faces are replaced during the revolution by other groups oontaiiiing 
just as many faces at exactly the aj^es of the first set. If so, a probable axis of symmetry 
has been determined. If by measurement the angles of one set correspond in value and 
order with those of the other sets, thm the existence of the symmetry axis is confirmed. 
According to the number of times ooiyesponding groups or faces recur during a complete 
revolution about a symmetry axis the axis is known as two-fold, three-fold, four-fold, cmt 
six-fold. These are the ordinary axes of symmetry. 

If a plane so divides the crystal that on each side of that plane there are grouped the 
same number of facet at the same an^ea to it and to aacb othn, this plane is oidled a 
Ftaae of Symmetry. 

1^(0 . 
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RirbiMui 'or ** •jwteimv'* b«Md es liytUMtify. The fditfiriac mtvvb divMou lenlle 
readily from thi(i partial determinatioa of aymmetry, the etatements not implyiag tiie 
abMnoe oi^ oitwr eymmetty elementa; 


1, leometrio.... 

2. Tetragonal.. 

•••{ 


3. Hexagonal.... < 

4. Hexagonad._ 

3. OrthorhomUc. 


6. Monodinio. 

7. Tridinie... 


More than one axia of three-fold aymmetiy. (Often alao more 
than one eS {otnyfald.} 

One asda of four-fold syeometty and one only. 

Khombohedrd division—one axis of three-fdd aymmetry and 
one tmly. 

Hexagonal division—one axis of six-fold symmetry. 

Three axes of two-fdd symmetry, but nothing hitfur than two- 
fdd; or one axis of twofold symmetry at tte intereeotioo 
of two planes of symme^. 

One axis of two-fold symmetry and one only, or one plane of 
symmetry, or both. 

Without axes or tdanes of symmetry. 


Diatingidsliinc spades by anidss. Aldmugh different crystals d the same substance 
may <fiffer in shape, snglee, and number of faces, the angles between eorretpmding feoee 
are constant and eharaeteristie. 

Corresponding faces on the same crystal, or on different crystals of the same sufastanoe, 
occupy corresponding or analogous positions with reference to the symmetry axes and 
usually correspond in bistro and markings. They freguantly do not correspond ii| dupe* 

The measuring of a few selected anises will, therefore, usually serve to differentiate 
the crystal from others in the same symmetry division. 

Angles may be determined within one or two degrees by a v^ simple apparatus, such M ths 
PenSeld No. 2 goniometer, eonaiating of a eardboard on whkh is print^ a paduated aemloirole. 
with an arm of celluloid awivelod by an eyelet in the oentra of the aemicirola, or better a aimilar 
apparatus of metal with removable and adiuataUe arms. In oaing, the crystal ia placed so that the 
ca^ edge and the twinging arm. or the two metal arma, are each in contact with a face and perpen¬ 
dicular to the edge of intmeotion of the two faeee, and the mean of at least three tea^ngs is qaad. 

The ’‘cleavage'’ diraotions, obtained aa deseribod later, are of great aarvioe in orientating the 
crystal. These and the angles between them are used in the lists which fdlow each system. 

Zones ue composed of faces all parallel to the aaon line. Their interaeotiona are tharafoio 
parallel to this line and to each other. 

Isemefark crystsli. If a crystal shows more than one axis of three-fold symmetiy 
it is sm. isometric crystid, and not otherwise. There will alwas^s be present, also, axes 
of two-fold or four-fold symmetry. The faces are often squares and eguilater^ trianidts, 
or these modified by cutting off comers. The dimensions are usually approximately equal 
in several direotions, the forms apivoaehing sometimes to the sphere. Repetitions in any 
crystal of equal angles and “ oorreqioDding ” faces are more frequent than in other crystal 
SS^stems. 


Angles. Hmm on of the sssoe aeries whatever the epeoiae. The important epeciea waxy be 
olaaead by their "habit”; that ia, the dominant forms of the erystala, aa foUowa: 

Tetnhedral. (Tetrahedron anglea, 70* 310 bofaoite, ephalerite, tetrahedrite. 

Cubic. ITtth eoap eubte cleavage: cobaltite, galena, hidite; with octahedral cieatage: fluorite, 
smaltite; wMaut mmrhod doaaago: argentite, baracita, cwMgyrita, ouprita, pynte. 

OetahedraL (Oetahadron aaglee, 100* 29') chromite, oobaltite, cuprite, fluorite. frankUnlte, 
galena, gold, finnieite, magnetita, ps^te, spind. Cleavagea: galena, cubic; fluorite, octahedral. 
Partinga: franklinite and mmpietite, octaba^al. * 

Dodecahedral. (Dodecahedron anglea, 120*) boracite, cuprite, garnet, magnetite, ephalerite. 

Trapetohedral. (24-faaed trapesohedra, approximating apfaerea; oOmmon amflae, 131* 19', 
146* 270 andoite, garnet, leuolie. 

Pyritohedral. (12-faeed pyritohedra; moat common anglea, 126* 43' and 113^ 350 cobaltite, 
pyrite, smaltite. 

Tetragonal erystsls. If the crystal shows one axis of four-fold ayxruoMtry, and only 
one, it M a tetTf^r-al'erystBl, and not otiierwise. A section taken at right wgles to the 
four-foM axis is Usually square or oetagonal, or more rtreiy the sogies are again truncated.. 
The dimension in dirootion 6t the fouHTdd axie is usually notably greater or less than in 
direotiona at right anglea thereto. 

inglse. the soni of feeie paraUd to the fourMd exie then an no variations in ande 
dependant on the speeiea. Between prominent eorreepondtaf faoea the a n g le e an airaoai always 
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90*, Mid bMwMn Imm eitbar 00* or 185*. Tlui abaraotariaiiiC *«g>— lia in 

othw aoiiM, 

Tha prindpal tatragonal ndnerala may be alaaaifiad by aofdw and elaaraga aa foQowa: Angles 
batwaan eorraaponding (aoaa oditgue lo Me four-fM kcm: cbaleopyrita, 71* 80'; wulfanlta, 09* 38'; 
aohaalita, 100* 6'; apophylUta, 105*; braunita, 100* 63'; aasaitanta, 121* 41'; rutUs, 123* 8'; 
aireon, 123* 10'; vaamianita, 129* 81'; warnarita, 130* 15'. 

Braunita, aobaallte, and wulfanita daava at tba an^aa mantionad. Wwnarita and rutile oleava 
PHallet to tha fourfold axia, giving anglaa of 90* and 135*. Apopfayllita olaavea at r^t aaglaa tb 
tbaiour<fQid axia. 

Eaxogongl crystals. If tbs crystal shows one and only one axis of three-fold symmetry 
it is a hexaipnal crystal, rhombohedral division. If the crystal shows one and only one 
axis cd six-fold si'nunetay it is a hexagonal mystal, hexagonal division. A section taken 
at right angles to the axis of three-fold or six-fold symmetry is usually a hexagon, or its 
moat i»ominent edges form a hexagon or at least an equiangular triangle. Not infre¬ 
quently each angle is replaced ty one or two smalior edges. The dimension parallel to this 
axis is usually notably greater or leas than the dimensions at right angles thereto. 

Angles. In the sons of faces parallel to the three-fold (or six-fold) axis there are no variations 
in angle dependent on the species. The an^ea between prominent corresponding faces are chiefly 
120* or 60*. Other angles in this cone are usually large and their occurrence leads to an apparently 
rounded, often nearly circular, cross-section. The oharaoterisiug angles lie in other sones. 

The crystals of important hexagonal minerals may be olaasifled by angles between coiTesponding 
faoes and by cleavage as follows: 

L With evident axis of three-fold symmetry and usually rhombohedral habit: 

Angles which are both iaterfaeial and between cleavage directions. Soda nitre, 73* 30'; chaba- 
site. 85* 14'; hematite, 86*; ealdte, 105* 5'; dolomite, 100* 15'; rbodochrosite, 107*; dderite, 
107*; magnesite, 107* 24'; smithsonite, 107* 40'; prouatite, 107* 58'. 

An^es which are iaterfaeial only. Ilmenite, 85* 31'; alunite, 90* 50'; cinnabar, 92* 37'; 
willemite, 115* 30'; phenaoite, 116* 36'; tourmaline, 133* 8' or 103*. 

II. With real or apparent axis of six-fold symmetry, and usually prismatic habit; 

Prfams capped by faces oblique to axis and at angles, for exnmide, corundum, 80* 4' or 128* 2'; 
quarts, 94* 14' or 133* 44'; apatite, 142* IS'. 

Prlems usually capped by single face at rl|5tt aa|d** to axis. Beryl, iodyrite, mimetite, nepheUte, 
pyrargyrite, pyromorphite, vanadinite. 

Tabular. Graphite, molybdenite, iridoemine. 

Orthorhombic cryatala. If a crystal shows either three axes of two-fold symmetry or 
ooe axis with two planes of ssonmetry, and nothing of higher symmetry, it belongs to the 
orthorhombic system. Cross-sections taken at right angles to the axes of symmetry are 
unlike in angles, and tend to rectangles and rhombs or to these combined. 

Anglss. There is no sons of faces which has a oonatant seriss of angles for aU species. 

The interfacial angles in the sones parallel to the axes of symmetry are unlike (except when 90*) 
and vary with the siweies. The orientation is best obtained by reference to cleavages, and on thia 
bssia the important species may be tabulated as follows: 

l. With one direction of cleavage which blaects prominent angles, for example: stibnite, 90* 26'; 
■Olimanite, 91* 45'; goethite, 94* 52'; manganite, 99* 40'; broohantite, 104* 32'; ataoamite. 
113* 03';. stauFolite, 129* 20'. Topas, with one direction of oleisvage, has prominent anides 124* 17' 
and 90* 11', not biseoted by the cleavage. 

n. Crystals with two dirsetious of clsavago or mors than two in oue sons, and common aa^su 
bstwoott faces pa:^el to two such dirsetions* oolumblts and oiivino, 00*; andalusite, 90* 48'; 
natrolite, 91* 16'; enargite, 07* S3'; hemimorphite, 103* 51'; amenopycite, 112* 27'; oerussite, 
117* 14'; strontianite, 117* 10'; aragonite, 118* 12'; obaloocite, 119* 36'. 

m. Crystale with tl»ee or moro directions of cleavs^ not in ono sons, and common anglos 
botwoon faces paraHel to such diioctions: anhydrite, 90*; barite 00* and 101* 38'; anidesite, 90* 
and 103* 44'; celestite, 90* ahd 104* 10'; stephanita, 90* and 107* 44'. 

Monoelinie crystgls. If a crystal shows one and only one axis of two-fold symmetry, 
or one and only one ptona of c^amstry, or both, it is a monoolinio crystal. Any face in 
the gone of the ^mmetry axis makes a 90 * angde with, tiie symmet^ plane (or a face 
pardlsltoit). No other 90* eagles occur. Theeroea-sectionof^ sons of the symmetry 
axis is never rectuigular, rardy diombio sad usud^ markedly unsymmetrioal. 

And**- ^ * constant series of andw for eaob species. In this system the one 

■yaunetry piaiw. the one evmmetry axis and the dieavagea, all aapat la the orientation loMliag to 
tia Isttewing iabulatton; 
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EssMst ataavsge 

Special 

Angles in sone of 
ssrmmetry axis 

Angles bisected by 
symmetry plane 

Para&d to symmetry 
plane...' 

riflllktnKTlitJk. 

n(i*r. 111 * St' 

/ 107* 5^, 140* IT, 

1 126 * y 

{ 131* 3y. 143* 48', 

1 138* 40' 

74*26', 132* y 

108* T 

100* 37', 98* V, 

117* 4y 

nvnMim... 

Umlgnr. 


Vivionlte... 


WoUromite. 

f 118*^, 124* ir 

1 \J7*V 


Perpendicular to sym- 

mgrfn^ . 

Asinlte.. 

f 155* 14M37* 10', 

1 132* 4y 

106* 3y 

124* 58', 124* 43' 

1 115* 2y, 128* ly, 

1 155*11' 

f 140* 48', 87* 17', 

1 126* zy 

W* 4r, 129* 4y 

90* 

99* ly, 119* 13', 

90* sy 

87*, 122* 3y. 96* ST 
91*58', 71* 3T 

70* 4', 70* 2y, 

65*5' 

^3" 26' 

118*47', 90*7' 

119*58' 

Boi&x.. 

Cryolite. 

IBpiMnte. 


. . * . . . 

Ortrhtwliwt .. 

. 


Angle between eaneet 
cleavages bisected by 
plane of ejrmmetry.. 

Amphiboly. 

O 

o 

124* 11', 148* 2y 
93*41', 119* ly 

1 87* ly, 120* 4y, 

1 131* 31' 

87*. 91* 26 
f 113* 31', 136* 11', 

1 67* 57* 

Croooite. 

Pyroxene... 

105* 5V. 148* 4y 

iio* 2 y 

140* 4y, 159* 

^>odumene. 

Sphene.. 


M#! .. ^ . 

Datdite. 

90* y, 135* 

ni5" ly, 120* 56', 

1 115*21 




The micas oad obloritw an usually pseudo-bexacoaol. 


Trldiflle crystals. If the crystal shows no axes nor planes of symmetry it is a trielinio 
crystal. There will be no right angles either between faces or edges. The only correspond¬ 
ing faces will be opposite (parallel) faces. The (nystals of some of the most prominent 
triclinic minerals, however, approximate in angles monoelinic drystals but are usuidly 
distinguishable by the occurrence of faces which have no symmetrioalb^ placed associates. 

Angles. No angle will ooour more than twice in any erjrstal. There are comparatively few 
common tridinic species. The fdlowing table records a few of their meet important englee. 


Angles between tbe two ensieet oleavagee or the fooee parallel 
to tbe eleavogee 

Other anglee between common 
adjacent fooee 

The PlogioclaaeB: 

Albite. 

Anorthite. 

T AKrstrinrifA. 


.... 93*36' 

.... 94* ly 

_ 93* 56' 

127* 44', 120* 46' 

116* y, 98*46', 120*31' 

Oligocloea. 


.... 93* 28' 

128* y, 98* 8'. 120* sr 

Amblygonita. 

Cholcaotbita........ 

Cyanite. 

Rhodonite. 


.... 104* 3y 

.... 123" ly 

.... 101*30' 

.... 87* 32' 

120* 54; 

110* ly, 70“ 22', 105" 27' 

74* 16'. 131* 42'. 78* 58' 

107* 24' 


Cleavage and its value as a test. In any crystal, whether with characteristic external 
form or not, the cohesion varies in different directions. Under strain there is frequently a 
tendent^ to split or cleave perpendicular to the directions of weakest cohesion tn dcfinils 
planes, which are always parallel to possible faces of simple crystals characteristic of the 
substance. All cnystals of the same substance yield like cleavages. The number of 
directions of cleavage and the angles between the cleavage planes are characteristic; more¬ 
over the cleavages serve to orientate the crystals in many cases. If the individual crystals 
are large enough, cleavage is obtained lor placing the edge of a knife or chisel upon the 
crystal and striking it a sharp, quick blow. If the individual crystals are very small the 
deavage directions can usually be developed by crushing with pressure or a blow, and 
examining the fragments with a hand i^ass. In pyroxene, qpodumene, corundum, mag¬ 
netite, uid some other qweies, some specinMns easily in definite planes, while othm# 
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do not. Xhis la not true oleavaffe, but a aeocmdaiy phenomenon due to preaaure, and is 
called parting.’* 

Cleavage and parting ahapea vaay be nucroaoopically detecminod. To do thia, aieva 
the eruahad material through a lOOmeah acreen upon a lilO-meah acreen. Cruahed frag> 
menta of tranaparent minerala may be jdaoed on a alide, covered with a tranaparent liquid, 
and examined by the petrographic mioroacope, aa deaoribed by JSL S. Laraan and H. Berman, 
USGS, fiuU. 848 (1934) (Bib). Thin aeotiona of masaive, tranaparent minerala or roolca 
may be examined oa deecribed in Thin-tection Mtheralogy, by ^ F. Rogera and P. F. Kerr, 
McGraw-Hill. N Y. 1933. 


3. IMPORTANT PHYSICAL TESTS NOT DIRECTLY DEPENDENT ON 

CRYSTAIUNS STRUCTURE 

The moat important of theae teata or charactera ure Luster, Color and Streak, Hard¬ 
ness, and Specific Gravity. 

Luatre. The luster of a mineral is dependent upon its refractive power, ita 
transparency, and ita structure. It may be called the hind of brilliancy or shine of the 
mineral. 

In determinative work minerala are broadly divided into Metallic and Non-metallic. 
Metallic luster is the luster of metals. It is exhibited only by opaque minerals, and these, 
ieitK (Ac ereepHon of the native metala, have a blade or nearly black etreak. Opaque dark- 
colored minerals not distinctly non-metallic are said to be sub-metallic. Non-metallic 
luster is exhibited by all transparent or translucent minerals. It may be vitreous or 
glassy, adamantine like the cut diamond, resinous hko sphalerite, pearly like mother of 
peail, silky like fibrous serpontine, greasy like nophelite, or waxy like chalcedony. 

Hardness. The resistance of a smooth plane surface to abrasion ia called its hardness 
and is recorded in terms of the following scale: 


1 0 

Talc 

6 0 Orthoclose 

8 5 

Chrysoberyl 

2.0 

Gypsum 

7.0 Quarts 

9 0 

Sapphire 

3 0 

Calcite 

7 5 Zircon 

9 5 

Carborundum 

4 0 
5.0 

Fluorite 

Apatite 

8.0 Topas 

10 0 

Diamond 


Approximations may be reached by use of finger nail (2 ^/s), copper coin (3) and knife 
(6 f/]). Borne smooth surface of the mineral to be tested is select^, on which a point of 
the standard is pressed and moved back and forth several times one-eighth of an inch or 
less. If the mineral is scratched it is softer than the standard. Two minerala of equal 
hardness will scratch each other. Pulverulent or splintery minerals are broken down ” 
by Ihe test and yield an " apparent ” hardness often much lower than the true hardness. 
Rough surfaces also yield doubtful results. 

Cdor and streak. The color of minerals of metallic luster and the color of the powder, 
enr sb«ak, when not white, are very much used in sight recognition. Minerals with non- 
metallic luster often vary greatly in color. The color is most safely obtained on a fresh 
surface. The streak is usually obtained by rubbing the mineral on a smooth but not 
glased white or black surface, such as a porcelain " streak plate ” or a piece of touchstone 
(black quarte). The excess of powder should be brushed away and the thin adhering 
layer considered. 

SpSolfle gravity. The specific gravity of a substance is equal to its weight divided 
by the weight of an equal vc^me of distilled water at 4” O. Ordinarily room temperature 
is used. Pure compact material is needed. The most accurate results are obtained by a 
delicate chemical balance, but for determinative purposes the following are more rapid and 
sufficiently accurate. 


The Jei^ balance. Two scale pans are attached, one below the other, to a spiral spring, parallel 
t« wUeb ia a minor with a gradnated scale. The lower scale pan is kept submsrs^ in distiOed 
watH. The ooinoideaoe of a on the wire and its image in the minor give: 

A ■■ Beading with nothing in either seals pan. 

B ** mineral in upper acale i>an, 

C " same fragment in lower scale pan. 

‘ SpGr - (B - A) + (B - O 

TfcbVhstfhsI bslsncs^ Mere aopwate results are obtained by aubstitutiag for the thermometer 
fioat M n Wgirtpbal balanee n double scale pan, the loww pan of which must be immersed in dietified 
weter. 


A m 
B - 
C- 


Weiid^t needed to bakuoa spRsratua. 

** " “ " “ with mineral in upper acale pan. 

« ••••*’ “ « « « lower scale pan. 

BpOr»(A-B>4>(C-B) 


M 
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ftol ■ g a ci tximy l ty Waao*. An ia^prarad tmn, auiUbla lor noBHraroni wriMb* Imi |>eeii 
doooHjboA hx Ken* It io vmIuI for nvid aoaqroAo dotwwiifUowo. Thoogh bMod upm tha 
wraal ohmaiMl bAlonoo, it bao a notoh^ baam adUi vollaiB for trajghinx. 

Haa?f Uvdds. If a fnciaaat of a aiiawat ia floatiac is a Uauid of h^or apaoifio gfaaitxaod a 
diluant ia atirrad io, ditq> by drop, until tba fracmant if pudiad down wiU neii^ aink aor fiao but 
atay whara pnahad, the apaoifio gravity of the liquid aa datenninad by a Waetphal balanaa wiU be 
tba aiMolfls gravity of the aiineral. Tba baavy liqulda moat uaad ara: alethd action, a mixture of 
thallium malonate and thnlHuin fovmnta 14.26), dOuant, water; mathyim iodide (&82), diluant, 
banaal; bromoform (2.90), diluent, xylol or bwicd; atdation of mareorio iodide and potaa^ iodide 
(3.2), diluent, water. 


i. TB^mro wntL tbe blowpipe 

Appumtu. The Mtential pieces of ai^aratUB for all the testa givwa are: 

1. Either a gas Uowpipe, or some form of burner for gas or heavy oil and a pliun 
blowpipe. 

2. Platinum wire about 0.2S mm diameter. Six inches of it will make four wires. A 
holder is needed. 

3. Platinum-pointed forceps, 

4. Charcoal in convenient sises and with smooth surfaces (say 4 by 1 by t/g in). 

5. Tubes of bard glass about 3 by */is in, closed at one end. 

6. Pocket lens of good quality. 

7. Simple goniometer. 

8. Merwin Color Screen (G. M. Flint, Cambridge, Maas). 

For the othmr a]n>nratU8 considerable latitude is possible and subetitutes can be impro¬ 
vised for the regular stock article. The needed list would be: watch glasses, bottles (1 os) 
for reagents, hammer, anvil, and magnet. 

About ten reagents are used, the principal being borax, salt of phosphorus, sodie car¬ 
bonate, potaasio bisulphate, cobaltio nitrate, and hydrochloric acid. Two others we 
needed in prepwing the bismuth flux and there will be needed occasionally metallic tin and 
mtrie or sulphuric acid. 

A continuous blowpipe blast is obtained by distwiding the chedcs and using the mouth 
as an air reservoir, brMthing regularly through the nose and from time-to time admitting 
more air from the lungs through the throat to the mouth. 

Any luminous flame may be used and, by regulating the relative amounts of air and 
flame, may be " blown ” as a dear bhie flame or a yellow flame, both of which owe their 
color to incomplete combustion (CO or C) and therefore tend to reduce, that is. to take 
oxygen from substances placed therein. Hereidtor this flame is designated by tte letters 
R.F. A practically non-huninous colorless envelope surrounds the blue flame and less 
distinctly the yellow flame. In this there is an excess of oxygen and it therefore tends to 
oxidue substances placed therein. Hereafter this flame is designated by the letters O.F. 

Fusion or fusibUity. The ease of fusibilily and the phenomena during fusion are con¬ 
venient testa. The hottest portion of the flame ia just beyond the tip of the Idue flame. 
Some mibstances, noticeably certain iron ores, whi^ are infusible in tbe oxidising flame 
are fusible in the reducing flame. 

The test is most safely made by flrst heating on oharcosl a fragment of the substance 
the sise of a pin’s head, to prove presence or absence of volatile or eaailywreducible dements, 
which are likely to alloy with platinum. If these are present the fusion test must be 
limited to the test on eharoosL If reducible metals or vdatile constitoents are abasnt, 
a small sharp-edged fragment is heated in the platinum forceps, Bt*tbe tip of the blue 
flame, direding flame upon the point, v Fragments long enotqrii to project beyond the 
platinum should be used and it ia always well to examipe the q>linter with a magnifying 
glass, before and after heating. Fragmenta for eompariaon mutt be approximatdy of tame 
titt and t/utpe. 

The degree of foalbility ia stated either in terms of a aeole of fusibility, suggasted by von Kobell, 
or more eittply as easily fusible, fusible, fusible with difficulty, or infusible: 

Easily futiUe* I «os>*s splinters fuse in a oandle flame. 

^ (2. CAuieopprite, smdl fragments fuse in tbe Bunsen burner flame. 

(8, Oornst (tdmatulite), coarse splinteie easily fuse before tbe blowjdpe. 

Fusiblerf Mot fusible in Bunsen burner. 

14. AM/udfie, fine apUntera fuse easily befwe the blowpipe. 

(fl. Orikodate, fused only in fine spUnters or on thin edgae before the 
Fusible wiUt difficulty: < Uowpipe. 

14. BteutectphUe, finest edge only TCmided in hottest part of flame. 

Infueibls: '.htcrt*, idusibte, vetehiing tbe edge iu ell its sharnneas. 
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Th« randt of fudbn wamy bo o tfaoo or olos, which la door ond ttonopomt. or wliUo and 
qpa<|iw, or of aoBio color, or filled with ImbUcc} dariiig the fudon there ataj^ be a bnthincor iatw* 
meocenee, or a swelling wd splitting (ufoliation). In oertain lastanoea tlw color and foOtn mi^ 
change without fneion, at the subetaace may take fire and bum, or fusion may follow the loss id 
aome vdatilo oonstituent. 

SidnbUity. Adda, egpedally dilute (1 :1) hydruehlorio add, are used notonly to deter* 
mine composition but aim to determine the ease or degree of eolubility. This test fails 
only from carelessness. The substance must be eeleeted as nearly pure as posdbls, finely 
ground and added to the acid in suoceesive small quantitiee. A clear solution should be 
aimed at, add bdng added if mote is needed until everything has dissolved. If complete 
aolution cannot be obtained, the liquid must be filtered and the clear filtrate slowly and 
partially evaporated until separation commences. If doubt masts as to solubility the 
liquid must be evaporated to dryneae, a residue proving solution to have taken place. Solu- 
Mity may be sccompanfied by effervescence with or without odor in cold acid, or on^ on 
heating. The evaporation miqr be difficult and incomplete, or there mty be separation 
of a p^ect jelly, or of separate lumps of jelly, or of powder, or of crystals. The solution 
may be of a characteristic color. 

Testing for chemical components. The tests tised are described in place in the deter¬ 
minative tables following Art 14. The manipulatloiui and precautions are briefly as 
follows: 

L Testing in closed tubes. A narrow tube of hard glass, about 3 in by */is in and 
closed at one end, is best. Enough of the substance is slid down a narrow strip of paper, 
previously inserted in the tube, to fill it to the height of about t /4 in; the paper is with¬ 
drawn, and the inclined tube heated gradually at the lower end to a red heat. Soda or 
other reagents ore sometimes mixed with the substance. The results may be: evolution 
of water, odorous or non-odorous vapors, sublimates of various colors, decrepitation, 
phosphorescence, fusion, charring, change of color, and magnetisation. 

n. Testing on chsrcosl. A siwllow cavity, to prevent the substance from slipping, 
is bored at one end of the charcoal, and a small fragment of the mineral is placed in it. The 
charcoal is held in the left hand, surface tipp^ at about 120 ° to the direction in which 
the flame is blown, and a gentle O.F. is blown on the substance. If no sublimate forma 
the heat is iniaeased, still keeping the flame oxidising. Another fragment is tested in the 
RJ., the substance being kept covered fur several minutes with the yellow flame. 

The sublimates, their color, position on the charcoal, ease of removal by heating in the 
O.F. or R.F., and the colors imparted to the flame are all noted. Chemic^ changes may 
also be indicated Iqr reduced metal, magnetic reeidues, alkalinity, etc. 

m. Testing with sods on chsrcosL Sodic carbonate (" Si^a ’’}, heated on char¬ 
coal, acts as a flux; it also exerts a reducing action, attributed to the formation of sodic 
osranide, nascent sodium, and carbon monoxide. It combines with many substances, 
forming boi,h fusiUe and infusiUe compounds. The most satisfactory general method 
is to mix one part of the substance to be tested with three parts of moistened soda and a 
little borax, and treat with a good R.F. on charcoal until everything that can be absorbed 
has disappeared. 

IV. Tsating with bismuth flux on charcoal and on plaster tablets. Sublimates of 
brilliantly colored iodides and sulpho-iodides are obtained if bismuth flux (two parts 
sulphur, one port potassium iodide, and one part acid potassium sulphate) is mixed with 
certain powdwed minerals, placed on charcoal, or a plaster tablet, and heated gently. 
The larger series of tests are obtained on plaster, the sublimates differing in position and to 
aome extent in color from those obtain^ on charcoal. Plaster tablets are prepared Iqr 
spreading a thick paste of plaster of Paris and water upon a sheet of oiled glass, and onoothr 
ing to a unifotm thiokness (l/g in to I /4 in). While still soft, the paste is cut with a knife 
into uniform slabs, 4 in by li/j in. It is then dried, after which the tablets are easily 
detached from the gloss. 

V. Flame colorstioik A number of minerals when heated color the flame, some at a 
gentle heat, aome only at the highest heat attainable. Repeated dipping of Ihe mineral 
in hydrochloric acid usually assists by forming volatile chlorides. A good method to 
cover all eases is as fellows: Arrange a black baokgroimd, such as a piece of eharoosl, 
powder the substanoe finely, flatten the end of a dean platinum wire and dip it in dilute 
add, then in the powder, and hold it first just touching the flame near the blowpipe and 
then at the tip of the blue flame; again dip in the acid and again brat as before. 

HConcentrated sulphuric add, and also a paste made of water, 4i/t parts acid potasuum 
sulphate and 1 part of calcium fluoride, are also used to release oertain flame-boring 
constituents, especially boron, phosphorus and lithium. 

Red flames of caldnm. strontium, lithium, and the violet flames of potassium in the 
presence of sodium, are most oonvenientlv studied by Merwin'a Color ^ale (Science, 
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Vol €0,. p 9in)t coimirtiag of thres oolctfod iteip* oi o^uloid; No. 1, bhie. No. 2, ov«r- 
bl|te ond ididet, No. 3, violot.^ TImm ttbaoib different portions of the speotnun 
as follows: 



No. 1 

No. 2 

No. 3 

Anriitim. 

Abaorbed 

Blue-violet 

Greenitii ytilow 
Abeorbed 

Abwxrbed 
f Violet and 
< Violet-red 
Abeorbed 
Absorbed 

Abeorbed 
i Violet and 

1 Violet-red 

Faint crimaon 
Crimaon 


1 ^.p...... 

Caloiuin. 

Strontium or lithium. 


These elements are still more exactly distinsuished use of a small p^ket spectro¬ 
scope. The mineral is moistened with diydroohlorie acid and brought on a platinum 
wire into the non-ltuninous flame of the Bunsen burner. This is viewed through the spec¬ 
troscope and bright lines are seen. The yellow sodium line is almost invariably present 
and the position of the oth«r lines is best fixed by their situation relative to this bright 
yellow line. 

VI. Bead tests with borax end with salt of phosphorus. The oxides of certain elements 
dissolve in borax and salt of phosphonu and impart characteristic colors to the mass, 
which may differ when hot and cold and according to the degree of oxidation or reduction. 
Preliminary to bead tests, sulphides, arsenides, arsenates, etc, mi^r be converted into 
oxides by treating in a shallow cavity on charcoal at a dull red heat; first with a feeUe 
oxidising flame, thmi a feeUe reducing flamoi then again an oxidising flame, and so on as 
long as odors or fumes are noticeable. 

To make a bead. Make a loop in platinum wire by bending it aroxmd a pencil point 
so that the end meets but does not cross the straight part. Heat the loop, din it into the 
flux, and fuse to a clear beaui the portion that adheres. Add more flux until the bead is of 
full rounded shape. With salt of phosphorus the bead should be held a little above the 
flame so that the ascending hot gases will help to retain the flux upon the wire. Touch 
the warm bead to the substance, place it in the O.F., and treat until dear. Note the 
colors, hot and cold. Then treat in the R.F. and note colors as before. 

Flaming. Some substances heated with a strong flame will give clear glasses until 
saturated; but if heated slowly and gently or intermittently, will yield opaque or enamel¬ 
like beads before saturation. 

Vn. Testing with cobalt solution. Certain substances become colored, when moist¬ 
ened with a solution of cobalt nitrate in ten parts of water and then heated to a white heat. 
The test is usually made on charcoal. Certain other substances yield colors if strong 
heated, cooled, and then moistened with the cobalt solution without reheating. Certain 
minenjs boiled with cobalt solution are colored therein. 

5. X-RAT METHODS OF STUDY 

Recent years have witnessed the development of X-ray methods of mineral study. 
X-ray powder photographs may be used to aid in identifying many minerals. Clays, 
bauxite, fine micaceous silicates, poorly crystallised metallics and other natural products, 
not readily identified in other ways, are often readily identified by comparison of X-ray 
diffraction photographs with known standards. Tbs methods of X-ny study applicaUe 
to minerals have been described by Hull, Davey, Wyckoff, Bragg, and others. 

Sin^e crystals are most frequently used for X-ray studies, to yicdd information regard¬ 
ing internal structures. The earliest to be devdoped was the method of Laue, making 
use of a pinhole beam of X-rays passing through a smaU crystal. The Braggs later devd- 
oped the X-ray spectrometer, which depends upon the reflection of X-ri^ from dngle 
orsrstai faces. Lately, students of crystal structure have found the Weissenberg X-ray 
goniometer especially useful. 

6. POLISHED SURFACES OF METALLIC ORES 

Many textures and mineral combinations, not readily visible to the unaided eye, may 
be observed with the- reflecting microscope. Polished surfaces must be prepaid in 
advance with considerable <»re to produce flat, nearly uniform surfaces, as free from 
scratches as possible. Such surfaces may be etched and observed under the microscope 
and also examined by reflected polarised li|ht. 

Mieroehemieal technique is also applied to small fragments of metallic minerals, 
rtmoved from a pdiahed surface with a needle while the surface is under microscopic 
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in«taUie <»«• are weHtluoi Van dw T««b. fiolmeidarliOhii and Randobr. aad Sliort. 

7. EXAMINATION OF FRAGMENTS OF NON*OPAQEB MINERALS 

Fragments of non-opaque minerals, about 100 to 120 mesh in sise, may often be 
studied and identified by the polarismg microscope. The fragments are placed on a 
glass slide and inunersed in an inert liquid of known refractive index, the indioes of tire 
mineral being compared with the index of the immersion liquid. Repeated mounts, msKle 
with liquids of different indices, by comparison yield the indices of r^raction of a mineral 
with a fur degree of precision. Other optical properties may be determined at the same 
time. The methods may often be appli^ to examination of non-opaque oonstituants of 
tailings. The optical properties of many mii^^rals observable with the microscope have 
been listed by l«raen and Berman. 

8. EXAMINATION OF THIN SECTIONS 

The structures and textures of non-opaque minerals are best examined in thin sections 
beneath the 'microscope. The polarising microscope of the types manufactured by 
E. Leits, ZeisB-Winkel, Bausch and Lomb, or the Spencer Lens Co, are useful for this 
purpose. Many optical criteria not obvious in ordinary specimens may be used in such 
an examination. The methods have been outlined by Winchell, Johannsen, and Rogers 
and Kerr. 


OCCURRENCE AND ASSOCIATION OF M1NERAI.S 


9. MINERALS OF ROCKS AND VEINS 

Associates. Most minerals are found under a variety of conditions, and with different 
groups of associates. The most probable associates of any mineral in any particular 
ooeutrence are: 1. The common minerals of that deposit. 2. Minerals containing some 
prominent elmnent or elements of the given mineral. In the following lists, which include 
the rock-forming minerals, common minerals, and those oreoonomic importance, the species 
in Halics are relatively nure. 

Minerals of the Igneoua rocks. These minerals in general have either separated from 
a fusion solution or magma " (each separating whenever for the existing temperature 
and pressure the magma is supersaturated with it), or they have formed later, ns secondary 
minerals, by the decomposition or alteration of the primary minerals. 

Principal primary minersls of igneous rocks. Amphibole (hornblende), biotite, 
chrysolite (olivine), enstatite, hypersthene, leucite, muscovite, nepheline (elaeolite), 
orthoolase, plagioclBee, pyroxene (augite), quarts, sodalite. 

Minor primary minerals of igneous rocks. Analeite, apatite, ehaleoptfrite, dtsryaeittryl, 
ehromite, cinnabar, corundum, epufoto, garnet (olmandite, andradite, pyrope), go^iite, 
gold, graphite, hematite, ilmenite, lepideltie, magnetite, mrUeriU, molybdenite, monasite, 
jqrrite, i«yroxene (diopekie), pyrrhotite, rutile. 

Secoadsry minerals in igneous rocks. Aibtte, alunits, analoite, apophyllite, aragonite, act. rite, 
barite, oaldte, chabaaits, cludcedony, ehdleanthtte, ehtdeopyrite, chlorite, ehryeoeoUa, copper, datobte, 
spidote, kaolin, lepldolite, limonite, magnetite, mdlaehtte, musoovite, natrolite, opal, pyrargyrite, 
qnaria, serpentine, aiderite, cpAotertM, atibnite, tide, telrah^rite, turyuoit, weraerite. 

MinsaJs of psgmstits veins. Vein-ldcs pt^ona of granitea or other igneous roefca in which the 
mingrale of the rock aca found u much lacgar cryatala in which many other minecaia occur not 
noticed in the adjoining rocks. 

AJIritc, anMygontU, apatite, beryl, biotite, eaentenU, ehabaztU, chlorite, ehryeoheryl, eoivribtte, 
cryolite, dtotnond, galene, garnet (edmandite and apesaartite), graphite, lepidolite, magnetite, miero- 
eline, motvhdmiU, menaoitt. mAasorite, nepheline, orthedaae, pynte, jtyrAetite, auarta, apodumene. 
topaa, tourmaline, uranintte, aireon. 

muirgls of ore yeiag. For convenience tbege have been lieted under two headinga: 
Minerals in soae of weathering or oxidatipa, and minerals of unoxidised sone. In xone of 
ojAtotion. Aui^te, asunte, broohstititSi calamine, oelegtite, oerargyritq, oerugaite, 
eMean^eite, ehryaoooUa, copper, oroooite, eupritef embolite, erythrite, goeti^ite, gold, 
iodynte, limppite. malac^te, manganite^ mimetite, pymmo^Mte, rhodoehroeite, aid^te, 
silver, smithgomte, etrontinniUi, sulphur, viiRadinite,. vtviaittte, wulfenite. In unor d d l x ed. 
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S . -Antimony, iurfloatite, ortente, snenopsTTitfri'hiuite, bornite, braunite, ealdto, calav^ 
, obaliiodta, dulcotiyrite, oobiUtite, eo]>per, ddk>mite, ftunite, galena, gold, graphite, 
jameeoaite, lin&nite,' nutroatiite, mfllarite, nieccdlte. orpiment, orthoclaae, pentiandite, 
prouetite, i q nra i u yri te, pyrite, pyrrhotite, quarta, realgar, amaitite, sphalerite, stannite, 
stephanite, stibnite, sylvaoite, tetrahedrite, uraninite. 

Mlasnls of tin v^as. Albite, amblygonite, apatite, araenopyrite, bismuth, oaleite, oBasiterlte, 
ohlorite, ooiumbite, fluorite, galena, fcaoliB, lepidoUte, ntolubd*niU, pyrite, pyroxene, quarts, scheehte, 
wemerite, wolframite. 

MinenUs of apatite oeiBs. Albite, amphibole, apatite, biotite, oaldte, en$tatiu, hematite, 
ilmealte, magnetite, oUgoclase,- pyrite, quarts, rutile, ephene, toarnta^e, wemerite. 

UiaofAls due to yolcaalc exhalations. Alunite, sassolite, sulphur, and relatively small queati- 
ties of other speeieB, as amphibole, hematite, sal-aaunoniao, ete, occur as the result of gases given off 
during volcanic action. 


10. MINERALS FOTJin> IN SALINE RESIDUES 

These exist as sediments precipitated from solution in natural waters, springs, rivers, marshes, 
lakes, seas, and oceans. 

From springs. Alunogen, aragonite, barite, bauxite (f). esloite, eeleetite, chalcedony, oinnabar, 
fluorite, hydrosincite, kalinite, limonite, pyrite, sassolite, siderite, sulphur. 

From soda and borax lakes and lagoons. Anhydrite, calcite, boraX, celestite, eerargyrite, cole- 
manite, dolomite, smbettis, gold, gyjisum, halite, mimbilite, sassolite, soda nitre, sulphur, trona, 
ulezite. 

From oeeans, seas, lakes, and marshes. Apatite, anhydrite, bauxite, boradte, caleiu, earnallite, 
celestite, ‘eerargyrite, dolomiU, epsomite, gypeum, halite, ludnite, kieserite, limonite, siderite, wad. 

Local saline resldnes (often incrustations or efllorescencea}. Alunite, alunogen, chalcanthite, 
eoidapite, epaomite, kalinite, mirabilite. 


11. MINERALS IN GRAVELS, SANDS, CLAYS, AND MARLS 

Minerals common to all. Biotite, calcite, chlorite, garnet, hematite, kaolinite, limonite, stag* 
netite, muscovite, orthoclase, plagioclase, pyrite, pyropktfUite, pyroxene, rutile, siderite, sphene, 
tifurmaline. 

Oem minerals and ores in gravels and sands. Cassiterite, chryaoberyl, chrysolite, corundum, 
diamond, gold, ilmenite, monaaite, platinum, spinel, touemaiine, topaa, aireon. 

Minor minerals in gravels and sands. Amphibole, andalugite, apatite, cyanite, dolomite, ensta* 
tite, epidote, hypersthene, mierodxne, seidolite, serpentine, eiUimanite, 

Ores in ^ys. Galena, limonite, manganite, psilomeiane, pyrolusite, wad. 

Minor minerals hi clays and marls. Amphibole, aragonite, barite, eeleetite, gypeum, balloysite, 
orptment, realgar, strontianite, tivianite. 

Minerals in sandstones. Chiefly quarts, orthoclase, plagioclase, limonite, muscovite. Afinor 
minerale are eamotUe, galena, gold, mareastle, manganite, pyrite, pyroluette, eiderite, ephaUrite. 

Minerals in sedimentary limestone. Aragonite, calcite, dolomite, fluorite, galena, limonite 
(bog ore), ntfrs, opal, eiderite, eoda nt(rs, sulphur, sphalerite. 

In serpentine and soapstones. Amphibols, aragonUe, areenopyrite, calcite, chlorite, chromite, 
chrysolite, cinnabar, diamond, dolomite, enstatite, epidote, garnet (psTope), garnierite, ilmenite, 
magnesite, magnetite, phlogopite, plalinum, pyroxene, pyrophyllite, quarts, eepiolite, serpentine, talc. 


12. CONTACT MINERALS 

When an igneous rook penetrates a preSxisting rook the heat, jireasure, and evolved 
vapors frequently produce new minerals, at and near the surface of contact. 

Contacts with Uffleatone. Amphibole (tremolite), anorthite, biotite, bornite, chon- 
drodite, dinoyomia, corundum, danburite, endaiite, epNote, ftMorUe, garnet (grossular and 
andradite), graphite, lazuriU, molybdenite, phlogopite, pyrite, ps^roxene (diopdde), 
eeheelile, spinel, tourmaline, vemviamiie, wemerite, wollastonite and zoiaiie. 

Contacts with ^eate rocks (clay, shale, slate, or crystalline schists). Amphibole 
(hornblende), andalusite (chiastolite), biotite, chlorite, corundum, kyanite, epidote. garnet, 
ilmenite, magnetite, pyroxene (augite), quarts, rutile, sillimanite, spinel, staurolite, ephene, 
tourmaline, topas, wemerite, xircon. 

Minenls of Metamotphic Rocks 

The minerals of the metamorphic rocks include many species of the original rocks, 
and many species already listed under contact minerals. A partial list follows: In 
Cryutalline NmoHonet, and doUmHee: amphibole (tremolite), apatite, aragonite, calcite, 
ehonirodite, corundum, dolomite, franklinite, mdifidmite, phlogopite. pyroxene, pyrrho* 
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tite, riiodoDite, ■erpe&tiiiiaik anitluonite, fa2e« willemite, nndte, airocm. InGntimu 

and Sekiats: the oontact aahierale of the Beccmd liat (oontaete aiUoate xoeloi). Al«n 
aotmolite, apatite, beryl, biotite, ealoite, chaloopyrite, duyaobwyl, datoiU»,fiuorite, gSAmU, 
graphite, hematite, molybdenite, monacite, mueoovite, orthodaae, p^ifigifiTlimfii ionite, 
pyrophyllite, pyrrhotite, talo, Utnhedrite, vemivianite, x^tea. 


THE USES OF MIKBRALS 

Thie list includes only the principal uses of the minerals as such, and their uses as the 
material from which other substances are directly extracted or manufactured. The 
secondazy unroduots derived from these primary products are not mentioned. 

13. USES OF MINERALS IN THEIR NATURAL STATE 

Abrasives. Quarts, Ramet, opal (tripolite and diatomaceous earth), corundum and emery, 
diamond (bort), orthoelaBe. Leucite and alunite rooks have been used as millstones. 

BoUdlag stones. Quarts, orthoolase, plagioolase. m\iscovite, biotite, pyroxene and amphibole 
in varyins proportions, forming igneous rooks commercially known as granite and trap; t^c and 
pyrophyllite (soapetones), serpentines, oalcite and dolomite (Umestones and marblm), quarts 
(sandstone). 

Blectrieal insolstors. Muscovite, phlogopite, oaldte (marble), andalusite, kyanite, sillimanite, 
and dumortierits. 

Fertilizers. Carnallite and kainite for potash; soda nitre for nitrogen; gypeum and ealoite 
for lime; apatite (phosphate rook) for phosphorio acid. Muscovite and biotito as retainers of mois¬ 
ture. 

Fluxes. Caleite, fluorite, borax, pyrolusite. 

Glaas. Chiefly quarts (sand and sandstone) and oaldte (limestone); to a less extent orthoolase, 
plagioolase, cryolite, and pyrolusite. 

Lubrlcanta. Graphite, talc, muscovite. 

Paints and pigments. Hematite and limonite as “metallic paint"; the same minerals assodated 
with clay, “ocher.” Caldte (chalk) as “whiting"; wad, barite, gypsum, asbestos, muscovite, talc, 
kadin, quarts, magnesite, asurite, graphite, asphaltum, rutile. 

Paper manufacture. Talo (fibrous), gypsum (selenite), as constituents of sheets. Barite, oal¬ 
dte, kaolin, magnesite, bauxite, muscovite, for weight and glase. 

Porcelain, pottery, etc. Kaolin and other clays, quartz, orthodase, allnte, halite, gypsum and 
pyrophyllite. 

E^edous stones. Diamond, beryl, emerald, corundum (sapphire and ruby), chrysoberyl 
(alexandrite), garnet (demantoid), spinel (ruby spinel). Semi-precious stones. Other varieties 
of beryl. Corundum, chrysoberyl, spinel, and garnet. Also opal, chrysolite (peridot), quarts (ame¬ 
thyst and yellow), topaz, tourmaline, turquoise, zircon, spodumene (kunsite, hiddenite), orthodase 
(moonstone). Ornamental stones. Amber, chaloedony (onyx, carnelian, sard, agate, etc), quarts 
(rose cat’s eye, aventurine, smoky, etc), orthodase (amason stone), plagioolase (labradorite and 
sunstone). Amphibde (jade), lasurite (lapis lazuli), malachite, azurite, calamine, smithsonite, 
chtysooolla, fluorite, gypsum (satin spar), serpentine, hematite, pyrite, rhodonite, tale. Occasional 
faceted stones are cut from apatite, andalusite, cassiterite, ehondrodite, cyanite, pyroxene (diopside), 
enatatite, ejudote, prehnite, staurolite, sphene and vesuvianite. 

Refrsictory materials and heat insulators. Asbestos, bauxite, chromite, dolomite, graphite, 
ilmenite, kaolin, magnesite, muscovite, opal (diatomtu^us earth), serpentine (chrysotile), quarts, 
pyrophyllite, talo (soapstone). sillimanite, an^luaite, kyanite and vermiedite. 

Kubber manufacture. Sulphur, stibnite, barite, ealcite, talc, pyrophyllite. 

Soap and washing powders, toilet articles. Borax, opal (diatomaceous earth), talc, quarts, 
magnesite, orthodase. 

Sundries. Coloring or dteolerinng: pyrolusite, peilomdane, rutile. Condiment*: halite. 
Xxplotiee*: nitre, sulphur. Fiiter*; opal (tripolite). Enamel*: fluorite, borax. Matehe*: stibnite 
sulphur. Optical: quarts, oaldte, fluorite, gypsum, muscovite. PeneUe; graphite, talo, pyro- 
phylUte. Pip**: sepiolite (mMtsehaum), suodnite (amber). 

14. PRODUCTS EXTRACTED OR MANX3FACTURED DIRECTLY 

FROM MINERALS 

Alumfnwn from bauxite, possiUy gibbeite, with cryolite as flux. 

Ahundvm (AlsOt) from bauxite. 

Alumtatum ^phate and alum from alunite, crydite, bauxite, kadin. 

Antimony from stibnite and its alteration products and lead oree oarnring antimony. 

Areenie from arsenopyrite and sometimee irom smaltite, oobaltite, enargite, etc. 

Barium kydraaide and barium eulphide from barite. 

BoryOium and beryllium oxide irom b4^I. 

Biemutk from native bismuth, bbmutite, and bismite. 

Bores end boric add, firom eolemaaite, dexite, borax, and sassolite. 



PRODUCTS EXTRACTBD DIBl!Cn«Y FROM MINERALS 1~13 

A'MitMK fMMB iialiis (Mlt briiw)i. 

Cadmivm from aphalerits and ■mlthsonita eontaining granaookite. 

Cmleium oxide {lime) from oalcite (Uinmtoiw). 

Calcium sulphate {hemi-kydrate) or plorter from gypanm. 

Caleium sup«tpkosphaU from apatite. 

CemotUe from oalcite and daya.. 

Carhonie acid from magneeite and oalcite. 

Chlorine from hydrocUotio aoid and pyrcdudte, the former being doriyed from ludite. 

Chromium oUoye, eepeoially ferrochrome from ^romite. 

CaibaM oxide and cobalt arsenate (eaffre) from amaltite, oobaitite, and oobaltiferow limonite. 
Copper prinoipaliy from chaloooite, native copper, cbaioopyrite, bomite, cuprite, malachite, and 
aaurite, although enargite, tetrabedrite, atacamite, broohantite, ohaloanthite, and obryeoodla are 
all Bouroea of copper in certain diatrictB. In addition to tbeea the iron aulphideB often cany copper 
which ia extract^ after burning for sulphuric add. 

Copper sulphate from ohalcopyrite. 

QM from gold and the gold telluridea (aylvanite, oalayerite, petaite), from silyw and copper ores 
and from pyrite, arsenopyrite and pyrrhotite, and sphalerite and other sulphides or tdlurides. 
Epdroehlorie acid from halite. 

SydroAuorie acid from fluorite and cryolite. 

Iodine from sodium iodate obtained from soda nitre. 

Iridium from iridosmine. 

Iron from hematite, limonite, magnetite, and sideiite, goethite, and turgite (oommardally in¬ 
cluded with limonite), some ilmenite, and rai^y residues from the roasting of pyrites. 

Iron sulphate (ferrous) or "copperas" from pyrite and chaleopyrite. 

Iron manganese alloy from frankUnite and certain manganiferous hematites and sideritas; also 
from pyrdlusite, psilomelane, manganite and other manganese oxides. 

Lead, chiefly from galena and cerussite. Angleeite and pyromorphite sometimes occur in 
quanUty. 

Lead sulphate (sublimed white lead and blue lead) from galena. 

LUkium oarhonate from spodumene, lepidolite, and amblygonite. 

Magnesium from oarnallite. 

Magnesium carbonate from dolomite. Basio carbonate from Ideserite. 

Magnesium oxide from magnesite, and indireoUy ideserite. 

JlfafnMtum chloride from oarnallite. 

Magnesium sulphate (epaom salts) from kiceeiite and lean often from magnesite and dolomite. 
ilfoagansM oUcys from pyr<fluaite, psilomelane and braunite, or with intermixed rhodochroeite 
and rhodonite. 

Mangatuse salts from pyrolusite. 

Mercury from cinnabar. 

Molybdenum and ammonie molybdate from molybdenite. 

Nickel from pentiandite, garnierite, niokeliferous pyrrhotite, and to a leas extent from millerlte, 
nieccdite and the cobalt minerals, oobaitite and limueite. 

Nitric acid from soda-nitre and nitre. 

Palladium from copper ores and platinum. 

Phosphorus from an impure calcium phcephate (aombreiite), or from bone ash. 

Platinum from nadye platinum and sperrylite, and from some gold and copper ores. 

Potiusium from oarnallite. 

Potassium diehromate from chromite. 

Potaaaium sulphate from kainite. 

Pctoanum nitrate from soda nitre and oarnallite. 

Radium chloride from uraninite, oamotite, and autunite. 

Rhodium from platinum. 

Selenium from sulphur, chaleopyrite, and pyrite. 

Silieon carbide (carborundum) from quarts and coke. 

Silicon alloys (ferro-silieon) from quarts. 

Silver from native silver, argentite, cerargjmte, embolite, proustite, pynvKynte, and less im¬ 
portant, hessite, polyboaite, and iodyrite. Included in other minerals, notably, galena and 
cerussite, but also in copper ores, manganese ores and with gold in pyrite and arsenopyrite. 

Sodium berate (borax) from colemanite, ulexite, sassolite, ksmite, and native borax. 

Sodium atannate from caaaiterite. 

Sodium sulphate (salt-cake) from halite, and from this, caustic soda, carbonate, bicarbonate. 
Strontium nitrate and chloride from strontianite. 

Sulpkurie acid, sulphuroue add, from native sulphur, pyrite, marcasite, chaleopyrite, sphalerite, 
pyrrhotite, and other sulphide ores. 

Tantalum from oolumbite. 

Thorium nitrate and thorium oxide from monasite, thorite, thorianite. 

Tin and sodium etannate from eaauterite. 

Titanium, titanium oride, and /erro-iitanium from ilmenite. 

Titanium carbide from rutile. 

Tungsten, ferro-tungsUn, from wolframite and soheelite. 

Tungstate of soda from wolframite. 

Ifranium velloto or sodium diuranote from uraninite, carnoUte. 

Fanodium, and ferro-vanadium from earnotite, patronite, rcscoelite, vanadinite, deseloisite. 
Vanadie oxide from mottramite. 
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Zinc, *‘aine dtuf,” andsim «xi4« from ■ph^nite, ■mitlmnit*, woA. mtUiniiio; mtd in Now 
wiUomite uid aiiteite. 

Zinc tulphate from aplialerite. 

Zireonium oxide from idrcon. ' 


DESCKIPTIVE Ain> DETERMmATIVE TABLES 


Rare species without economic value are omitted. Their inclusion would greatly 
increase the complexity of the tables and also increase the difficulty of determination. 

Rare minerals require special methods beyond the soope of a simple set of mineral 
tables; chemical analyses, optical, and X-ray determinations are usually necessary. 

Due to the limited space the species are described only in the tables, and the 
accompanying diagrammatic index will enable the user to find a brief description of any 
species. (For example, scheoUte. A reference to 22 in the diagram will give composi¬ 
tion, crystal system, hardn^, specific gravity, colors, solubility, flfune coloration, behavior 
with fluxes and general appearance.) 

The uses and occurrence of minerals are siunmarised in separate taUes. In using the 
taUes the customary precautions arc understood to be taken: 

1. Tests must be made upon homogeneous materials, and Iristers and colors observed 
on fresh fractures. 

2. Classifying tests must be decided; not weak, nor indefinite. If undecided, the 
species on both sides of the dividing line must be considered. 

3. Hardness tests should be assumed to be within say one half; that is, a determination 
H - 6 should for safety be taken as 4.5 to 5.5. 

As shown by the accompanying key, the principal subdivision is between metallic and 
non-metallic luster. The blowpipe test is made subordinate for minerals of metallic 
luster and minerals of non-metallic luster with colored streaks; but, for minerals of non- 
metallic luster with white streaks, experience proves that the Uowpipe or the microscope 
lead to a determination with loss repetition than such qualities as color and hardness. 

A novel feature of the tables is the “ scheme within a scheme,” by which the order of 
testing may be varied. For instance, in 16, 17, 18 the arrangement is by blowpipe tests 
in order of hardness, but the parallel columns permit color to be used as the classifying 
test; that is, the order of testing may be color and hardness or blowpipe test and hardness. 

Similarly in 5, 6 the arrangement of the metallic white and gray minerals is by streak 
and hardness, but the parallel columns permit the behavior on charcoal in oxidising and 
reducing flame to be used as the classifying test; that is, the order of testing may be color, 
streak and hardness, or color and behavior on charcoal. 

Chemical symbols are used only for the formulas of the species and for the common 
solvents, HGl, HsS04, HNO*, KOH, etc. Aside from these a few abbreviations are used, 
the principal being: 

Systems of crystallization are indicated by the letters: I (Isometric), T (Tetragonal), 
O (Orthorhombic), M (Monoclinin), Tri (Triclinic), H (Hexagonal). 

Terms in blowpipe tests. Soda for sodic carlmnate, S. Ph. for salt of phosphorus, 
O. F. and R. F. for oxidising and reducing flame, Co. Sol. for cobalt solution, coal' for 
charcoal. 

The + sign in any column opposite any mineral indicates that the quality indicated 
is a character of that mineral. 

The following diagram furnishes at a glance the procedure to be followed in identi^ng 
an unknown mineral: 
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Minerals of Metallic m Snb-MetalUc Lnater, Black or Ifearly Black in Color 

(Including itrbitrarily some dark-colored nunemla of doubtful luster) 
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Minerals of Metallic or Sob-Metallic Loater, Black or Nearly Black In Color—Contwweif 
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Minarals «f Metallic Luster, Metallic TeOow, Bronze or Bed in Color 
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Mineralt of Hon-MotoUic Luster and with Decided Teste (Soluble in Water) 
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MINERAL ST7BSTANCES NOT EASILY DETERMINABLE 

BY A SCHEME 


The following mineral aubetaneee of economic importance have not been included in the 
determinative tablea, aome becauae they lack fixed eharactera, othera becauaa their eharactera are 
loat in tboae of their aaaociated aubatances and othera becauae they ooour only in one known locality. 

Amber, onoe the moat prized of gema, now uaed aometimea in jewelry, oftener aa a mouthpiece 
for pipca, is a name given to those fossil reeina which contain auccinic acid and were derived from a 
particular extinct apecies of pine. The amber of the Baltic Sea and the Sicilian amber are the moat 
valued. Color, garnet red, reddish, yellow, browniab, sometimes with bluish fluorescence. Luster 
resinous, atreak white, H ■■ 2 to 2.0'. G 1.090. Melts quietly at 125” to ISO” C. and gives ofi 
a choking vapor. 

Asphalts are rather indefinite mixtures of hydrocarbons and their oxidized products. They 
vary from thick, highly viscous liquids to solids, are generally black in color with pitch-like luster, 
and burn easily with a pitchy odor. They are elightly heavier than water. Examples: the pitch 
lakes of Trinidad and of Bermudez, Venzuela; the manjak of Barbados; the elastic elaterite of 
Derbyshire, England; the albertite of New Brunswick, and the gilsonite of Utah, Sandstones 
and limestones impregnated with asphalt occur in many localities. 

Brucite Mg(OH)t. A white, compact, finely-crystalline mineral, with elightly greenish tint. 
Soluble in dilute HCl, yielding tests for Mg; also yields water in closed tube. Found in a large 
deposit on western side of Paradise Range, Nevada, associated with magnesite and dolomite, along 
a contact of granite with a magnesite-dolomite series. Other forms, of non-commercial importance, 
sometimes associated with serpentine, are a^t to be micaceous or fibrous. 

Camotite, 2U0sV20sKi0-3 UjO (7). A canary yellow, pulvurulent mineral, in minute scales, 
filling the interstices of sandstone >n several counties in Colorado. Rarely compact and wax-likc. 
It contains radium, and is an impure vanadate of uranium and potassium, or uranium and lime, 
or both. Is a commercial source of radium, uranitnu, and vanadium. 

Clays are mixtures of mineral fragments, duo to rock decay. They are usually plastic when wet, 
can be molded, and harden on heating. By analysis they are principally silica and aiumina, with 
some iron oxide and small amounts of other elements. Mineralogically they contain hydrous 
silicates of alumina, free quartz, and vaiydug amounts of many other minerals. In origin they may 
have resulted from decay in place (residual clays) or may have been transported by water, ice, or 
wind (sedimentary clays). The moat important clays are: 

Kaolins. White-burning, residual clays, often not plastic, approaching kaolinite in composi¬ 
tion, but not necessarily composed chiefly of that mineral. They are the basis of white wares and 
porcelain, etc. 

Ball clays. White-burning sedimentary clays. They are highly plastic and are added to 
kaolin to give plasticity. 

Fire clays. Either sedimentary or residual clays, which stand high degrees of heat without 
fusion. Composition very variable and apparently best with little free silica, lime, magnesia, or 
alkaUs. 

Fuller’s earth. A montmorillonite-bearing clay, greenish in color when moist. Is a natural 
adsorbent for coloring matter in oil. 

Stoneware clays. Clays sufficiently plastic and tough to be turned on a potter’s wheel. 

Terra-cotta clays. Usually buff-burning clays, with low shrinkage and dense-burnieg character. 

Sewer pipe and paving-brick clays. Vitrifiable, high in fluxes. 

Brick days. Low-grade clays, with considerable plasticity, which harden at a comparatively 
low temperature. 

Slip clays. Melt at a comparatively low temperature and form a glaze. 

Paper clays. White clays free from sand; uaed for mixing with pulp fiber. 

Bentonite. Composed essentially of the mineral montmorillonite, usually formed by alteration 
of volcanic ash. Many bentonites swell in water. Some bentonitic days extensivdy used for 
clarifying dl. 

Diatomite. An ext{emely light porous, white, mass of microscopic, opaline, organisms (diatoms), 
chiefly silica, but yielding much water in the closed tube. Used as a heat insulator, also for brick 
or in filtration. 

Gilsonite. An asphaltite. Sp gr — l.OI to 1.10; melting point. 230” to 400” F; found in veins 
in NE Utah. Was probably distilled by heat from the underlying Green River shale. Used for 
varnishes and japans, printing and rotogravure inks, and in various commerdol products; 32 227 
tons reported mined in 1033. 

Griduiniite or Glance Pitch. An asphaltite. Sp gr of about 1.15 or more. Largely mined in 
Cuba, where found in sedimentary and serpentinous rooks. Formerly mined in Fushmatoka Co, 
Okla, and Ritchie Co, W Va • 

Kioserite (Mg804 + UjO) Is the source of Epsom salts, and an Important source of magnesium 
oxide and basic carbonate (n^neda alba). It occurs at Stassfurt, Prussia, as about one-fifth of a 
layer 190 ft thick, chiefly halite and carnallite, and aa one of the constituents of the overlying mixed 
salts. Exposed to the air it becomes epsomlte. After removal of associates there remains a mass 
slowly soluble in water and easily fusibn*. H««3to3.5,G-> 2.5. Rarely orthorhombic crystals. 

Livingstoaite (HgSbtbr). Found in Mexico at Hoitsuco and Ouadaloasar and said to have 
been used as a source of mercury. It resembles stibnite in appearance, has metallic luster, lead- 
gray color, red atreak, H « 2, G » 4.81, and oceuis in gcoopa of slender prismatic crystals. 
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MotttMBite (CuPb)tVaOu-2 HfO). The Tanadiitm of ooaunerce wu formerly obtaiaod from 
tlun» bUbkiab inonutotioiui of mottramite upon the Keuper esadatone, Cheshire, Enslnnd. Streak 
yellow, H •» 3, Cl *■ 6.9. 

OchWi oommercisliy, ia a golden-yellow intimate mixture of clay with 20% or more of hydrated 
ferric oxi^. Mineralogists use the name also for pulverulent yellow iron oxide (xanthoeiderite) 
and for pulvmilent ted hematite. 

Ozocerite, or mineral wax, is easentially a paraffine, colorless to white when pure, but oftener 
greenish or brown, and possessing all the properties of beeswax except its stickiness. A little is 
mined in Utah and about 3 000 tons are imported annually from Galicia and Moldavia. Used ia 
crude state as insulation for electric wires. By distilling it yields cermine, tised for canHlss. Humiw g 
oils, paraffine, a product like vaseline and a residuum which, with in^a-rubber, constitutes the 
insulating material called okonite. 

Patroaite (vanadium aulpiude). At the one locality of Cerro de Pasco, Peru, there is a vein 
7 or 8 ft thick of a nearly black material resembling slaty coal. About two-thirds of this is patronite 
and one-third metallic sulphidee and free sulphur. Below it is 1 to 2 ft of coke-like material, chiefly 
carbon, which blends into a lustrous black material 4 to 6 ft thick, containing more sulphur than 
carbon, but known as asphaltite. The ashes of these two associates are also rich in vanadium, and 
the roasted or burned material is exported. 

Petroleum is a mixture of hydrocarbons, obtained from the earth. It varies from a light, easily 
flowing liquid, to a thick viscotis oil, and is usually of a dark brown or greenish color, with a distioot 
fluoreseenoe. Chemically the American petroleum consists principally of hydrocarbons of the 
paraffine series CnHsn+z. with smaller amounts of the series CnUzn CnHjn-s. The oils from 
Baku, on the Caspian, Rangoon, Galicia, and the Caucasus, contain more of the CkHzh or i^efin 
series. 

Roscoelite (vanadium mica). A mica of brown.to brownish-green color, long known as an 
associate of gold in certain mines of California, and containing approximately 25% ViOt, is*now 
commercially obtained from a soft Colorado sandstone of greenish color, in which the roscoelite 
fills the interstices between the grains. 

Thorianite (ThGjUaOs). Small water-worn blackish cubic crystals found in the CTeylon gem 
gravels and used as a source of thoria. H » 6.5 to 0, G •• 0.3. It is radioactive. 

Thorite (ThSiOz). Black or orange-yellow, sircon-like crystals and masses, occurring in Nor¬ 
way in small quantity; used as a source of thoria. H 4.5 to 5, G •• 4.8 to 5.2. Infusible; 
gelatinizes with acids. 

Tripoli. A fine, siliceous powder, containing chalcedony or opal; used as abrasive; clay-like 
in appearance, but quite gritty. 

Umber is drab-colored mixture of iron and aluminum ailicates, containing manganese oxide. 
It becomes reddish brown on burning. Sienna is similar, but with less manganese and lighter in 
color. 

Vermiculite. Various forms of soft, pliable or inelastic miou; when heated, slowly expanded 
material useful in heat insulation. 

Wad. Earthy to compact indefinite mixtures of oxides, especially of manganese, cobalt or 
copper, are known as wad. They have no constant characters, but may be valuable ores. Usually 
dork brown to black in color. 
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Actinolite (see Ampbibole) 
Albite (see Plagioolase) 
Aluminite, 23 
Alunite. 18 
Alunogen. 7 
Amber, 26 
Amblygonite, 19 
Amphibole, 20, 21 
Analcime, 20 
Andalusite, 23 
Angleeite, 16 
Anhydrite, 18 
Anorthite (see Plagioolase) 
Antimony, 4 
Apatite, 22 
Apophyllite, 19 
Aragonite, 24 
Argentite, 1 
Arsenic, 4 
Arsenopyrite, 3 
Asbestoe (see Ampbibole) 
Asphalt, 25 


Ataeamite, 12 
Augite (see Pyroxene) 
Autunite, 13 
Asurite, 11 
Barite, 18 
Bauxite, 14, 23 
Bentonite, 25 
Beryl, 22 
Biotite, 22 

Bismuth, 4 ' 

Boraoite, 19 

Borax, 8 

Bornite, 6 

Braunite, 1 

Broehantite, 12 

Brucite, 25 

Calamine (see Hemimorphite) 

Calaverite (see Gold teiluride) 

Calcite, 24 

Carnallite, 9 

Carnotite, 25 

Cassiterite, 2, 13, 16 


Celestite, IS 
Ccrargyrite, 17 
('erussite, 16 
Chabasite, 19 
Chalcanthite, 8 
Chalcedony, 24 
Ohalcocite, 1 
Chalcopyrite, 6 
Chiaatoiite (see Andalusite) 
Chlorite Group, 12, 22 
Chondrodite, 24 
Chromite, 2 
Chrysoberyl, 23 
Chrysocolla, 17 
Chrysolite (see Olivine) 
Chrysotile (eee Serpentin^; 
Cinnabar, 14 
Clays, 25 

Clinochlore (see Chlorite 
Group) 

Cobaltite. 3 
Colemanite, 20 


* Mineral names correspond with recommendations of Committee on Nomenclature, of l^n- 
eralogioal Soc of America. 
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Collapikftne, 22 
Columbitc, 1, 2 
Copiapite, 7 
Coppnr, 6 
Corundum, 23 
Croooite, IS 
Cryolite, 19 
Cuprite, 14 
Cyanite (eee Kyanite) 
Datolite, 20 
Deacloicite, 15 
Diamond, 24 
Diatom! te, 25 
Diopeide (a«e Pyroxene) 
Dolomite, 24 
Dumortierite, 23 
Blaeolite (see Nephelite) 
Embolite, 17 
Emerald (see Beryl) 

Emery (see Corundum) 
Enargite, 1 
Eoatatite, 22 
Epidoto, 21 
Epeomite, 7 
Erythrite, 14 
Fluorite, 19 
Frankiinite, 2 
Fuller's earth, 25 
Oalena, 1, 3 
Garnet, 21, 24 
Oarnierite, 12 
Oibbsite, 23 
Gilsonite, 25 
Glance pitch. 25 
Goethite, 2, 13 
Gold, 6 

Gold tellurides, 4 
Grab ami te, 26 
Graphite, 1 
Greenookite, 13 
Gypsum, 18 
Halite, 10 
Hausmannite, 2 
Hematite, 2, 14 
Hemimorphite, 16 
Hessite, 4 

Hornblende (see Aniphibole) 
Hydrcsincite, 16 
Hyporsthene, 21 
Idocrase, 21 
Ilmonite, 1,2, 14 
lodyrite, 13 
Iridosmine, 4 
Jamesonite, 1, 3 
Kainite, 9 
Kalinite, 9 
Kaolinite, 23, 25 
Kernite, 8 
Kieserite, 26 


Kyanite, 28 

Labradorite (see Flagioolase) 
Lapis LasuU (see Lasurite) 
Lasurite, 11,18 
Lepidolite, 19 
Leuoite, 23 
Limonite, 2 ,13 
Linnaeite, 3 
Livingstonite, 25 
Magnesite, 24 
Magnetite, 1 
Malachite, 12 
Manganite, 2 
Marcasite, 5 
Mercury, 4 

Microcline (see Grthoclase) 
Millerite, 5 
MirabiUte, 10 

Mispieket (see Arsenopyrite) 
Molybdenite, 4 
Monasite, 24 
Montmorillonite, 23 
Mottramite, 25 
Mundio (see Pyrrhotite) 
Muscovite, 22 
Natrolite, 20 
Nepheline, 20 
Niccolite, 5 
Nitre, 9 
Ocher, 25 

Oligodase (see Flagioolase) 
Olivine, 24 
Opal, 24 
O^ment, 13 
Orthoclase, 22 
Patronite, 25 
Pentlandite, 5 
Petroleum, 25 
Phlogopite, 22 
Pitchblende (see Uraninite) 
Plagioclase, 19, 20 
Platinum, 4 
Polybasite, 1 

Prochlorite (see Clinocblore) 
Proustite, 14 
Psilomelane, 1 
Pyrargyrite, 2,14 
Pyrite, 6 
Pyrolusite, 1 
Pyromorphite, 13, 16 
Pyrophyllite, 22 
Pyroxene, 20, 21 
Pyrrhotite, 5 
Quarts, 24 
Realgar, 15 
Rhodochrosite, 24 
Rhodonite, 21 
Roscoelite, 25 
Ruby (see Corundum) 


Ruby ailver (see Froustlte and 
Pyrargyrite) 

Rutile, 2, 13, 24 
Sapphire (see Corundum) 
Sassolite, 8 
*8ohee)ite, 22 
Sepiolite, 22 
Serpentine, 22 
Siderite, 18,17 
Sillimanite; 23 
Silver, 4 
Smaltite, 3 
Smitheonite, 16 
Soda nitre. 10 

Specular iron (eee Hematite) 

Sperrylite, 3 

Sphalerite, 2, 13, 16 

Sphene, 21 

Spinel, 23 

Spodumene, 20 

Stannite, 8 

Staurolite, 24 

Stephanite, 1 

Stibnite, 3 

Stilbite, 19 

Stream tin (see Cassiterite) 

Strontianite, 22 

Sulphur, 18, 16 

Sylvanite (see Gold telluride) 

Sylvite, 9 

Talc, 22 

Tellurium, 4 

Tenorite, 1 

Tetrahedrite, 1, 3 

Tborianite, 25 

Thorite, 25 

Titanite (see Sphene) 

Topas, 23 

Tourmaline, 19, 21, 22, 24 
Tremolite (see Amphibole) 
Tripoli, 26 
Trona, 10 
Turqums, 12, 24 
Uiexite, 20 
Umber, 25 
Uraninite, 1, 2 
Valentinite, 16 
Vanadinite, 13, 16 
Vermiculite, 25 
Vesuvianile (sec Idocrase) 
Vivianite, 11 
Wad, 25 
Wcrnerite, 19 
Willeraite, 16 
Wolframite, 2 
Wollastonite, 22 
Wulfenite, 16 
Zincite, 16 
Zircon, 24 



BIBLIOGBAPHY 


1-53 


BIBLIOGRAPHY 

Dneri^ite Mitunlogif. Treatiau 

Dtma, J. O. Syatem of Mineralogy, 0th ed. with three appendiees. John Wiley & Sons, N Y, 
1802 

Hintse, Carl. Handbuok der Mineralogie. Bd 1, 1897; Bd 2,1904. von Veit ft Co, Leipzig 

Dneriptive and DetarminaUve Mineralogv, Text Books and Trsatisea 

Cahern and Wooton. The Mineralogy of the Rarer Metale. 2ad ed. Charlee Qriffin ft 
Co, Ltd, London, 1920 

Dana-Ford. Textbook of Mineralogy. 4th ed. John Wiley ft Sona, N Y, 1032 
Kraus, £. H., Hunt, W. F, and RamedoU, L. S. Mineralogy. Introduction to the study 
of minerals and eryatals. McQraw-Hill Book Co, N Y, 3rd ed, 1936 
Miers, H. A. Mineralogy. An Introduction to the SoientiOo Study of Minerals. Macmillan 
ft Co, Londom 1002 

Rogers, A. F. Introduction to the Study of Minerals. 3rd ed. McGraw-Hill Book Co. N Y, 
1037 

Brush-Penfield. Manual of Determinative MineraloKy. 10th ed. John Wiley ft Sons, K Y, 
1006 

Fraser-Brown. Tables for the Determination of Minerals. 6th ed. J. B. Lippinoott Co, 
Philadelphia, 1910 

Kraus-Hunt. Tables for the Determination of Minerals. 2nd ed. McGraw-Hill Book 
Co. N Y. 1930 

Lewis, J. V. Determinative Mineralogy. l[4th ed. Be\d.sed by A. C. Hawkins. John Wiley 
ft Sons, N Y, 1931 

Plattner-Kolbeok. Probierkunet mit der Lotrohre. 7th ed. Johann Barth, Leipsig, 1007 
Warren, C. H. Determinative Mineralogy. McGraw-Hill Book Co, N Y, 1921 

CrystaUography 

Bayley, W. S. Elementary C^talloipaphy. McQraw-Hill Book Co, N Y, 1910 
Qroth-Jackson. The Optical Properties of Crystals. Translated from 4th ed. John Wiley 
ft Sons, N Y, 1910 

Qroth-Marshall. Introduction to Chemical Crystallonaphy. John WiW ft Sons, N Y, 1006 
I.ewis, W. J. A Treatise on Crystallomaphy. Univ I'ress, Cambridge, England, 1899 
Tutton, A. E. H. Crystallography and Practical Crystal Measurement. 2 vole. Macmillan 
ft Co, London, 1022 

Minerals in Thin Section 

Iddings, J. P. Rock Minerals. 2nd ed. John Wiley ft Sons, N Y, 1912 
Johannsen, A. Essentials for the Microscopic Determination of Rock Forming Minerals and 
Rocks. Univ of Chicago Press, 1922 

Johannsen, A. Manual of Petrographic Methods. McGraw-Hill Book Co, N Y, 1914 
Pirsson, L. V. Rooks and Rock Minerals. John Wiley ft Son^ N Y, 1908 
Rogers, A. F., and Kerr, P. F. Thin Section Mineralogy. McGraw-Hill Book Co, N Y, 1933 
Weinsohenok-Clark. Petrographic Methods. McQraw-Hill Book Co, N Y, 1912 

Mua'oseopic Study of Mineral Fragments 

Larsen, E, S., and Berman, H. Microscopic [Determination of the Non-opaque Minerals. U S 
Q 8, BuU 848, 1934 

•Scfaroeder van de Kolk, J. L. C. Tabellen sur mikroskopischen Bestimmung der Mineralien 
nach ihren Brechnungs-exponenten. 2nd ed. Wiesbaden, 1906 
Winehell, A. N. Elements of Optical Mineralogy. Part 1. 5th ed. John Wiley ft Sons, N Y, 
1937 

Mieroseopie Study of Opaque Ore-minerals 

Davy-Farnham. Miorosoopio Examination of Ore Minersls. McGraw-Hill Book Co. N Y, 
1920 

Murdoch, J. Microsoopic'Determination of Opaque Minerals. .Tohn Wiley ft Sons, N Y, 1916 
Schneiderhfihn, H. and Ramdohr, P. Lehrbuoh der Ersinikroskopie. Berlin, 1934 
Short, M. N. Microscopic Determination of Ore Minerals. U S G S Bull 826, 1931 
Van der Veen, R. W. Mineragraphy and Ore-deposition. G. NaefI, The Hague, 1925 

Oxeurrenee, Association and Origin of Minerals 

Bysohlag-Erusch-Vogt. Die Lagersthtten der nutsboren Mineralfhn und Gesteine. Ferdinand 
Enke, Stuttgart, 1906 

Clarke, F. W. The Data of Geochemistry. Bulletin 770, U S Q S, 1924 
Merrill, G. P. The Non-metallic Minerals. 2nd ed. John Wiley ft Sons, N Y 
Van Hise, C. R. A Treatise on Metamorphism. Monograph 47, U S O 8, 1904 

Uses of Minertds 

Ladoo, R. B. Non-meteJlic Minerals. McGraw-Hill Book Co, N Y, 1925 
Mineral Resources ci the United States. Annually since 1883, U 8 G 8; from 1932, Bur Mines 
The Minerid Industry, Annually since 1892, McGraw-Hill Book Cm N Y 
Spurr-Wormser. Marketing of Metals and Minerals. McGraw-Hill Book Co, 1925 
Mineral Raw Materials. U S Bur Mines Staff, 1937 

Qems and PreeUms Stones 

Bauer, Max. Premous Stones. Trans by L. J. Spencer. 1904 
Bauer, Max. Edelsteinkunde. Revised by Schlossmaoher. Leipsig, 1932 
Cattelle, W. R. Precious Stones. J. B. Lippinoott Co, Philadelphia, 1903 
Eppler,A. Die Schmuck- und Edelsteine. Felix Krais, Stuttgart, 1912 
Kraus-Holden. Gems and Gem Minerals. 2nd ed McGraw-Hill Book Co, N Y, 1931 
Smith, G. F. H. Gem Stones. Methtun ft Co. Ltd. London 




SECTION 2 


GEOLOGY AND MINEIUL DEPOSITS 


BY 

JAMES FURMAN KEMP 

LATB FBOFESSOR OT GBOLOGT, COLUMBIA UNIVXRSITT 
BBVISED BY 

PAUL F. KERR 

PB07BSSOR OF MINERALOGY, COLUMBIA UNIVERSITY 


AW. 


geology 


PAoa 


1 Introduction. 02 

2. Cheniical Composition of Rock-forminj 

Minerals. 02 

8. Rook-forming Minerals. 02 

4. Igneous Rocks. 03 

5. Sedimentary Rocks. 07 

6. Metamorphie Rocks. 09 

7. Forms AMumed by Igneous Rocks_ 09 

8. Forms Assumed by Sedimentary and 

Metamorphie Rocks. 11 

0. Rock Disturbances. II 

10. Faults. 13 

11. Jdnts, Unconformities, Outcrops and 

Erosion. 15 

12. Summary of Stratigraphic Geology... 17 


MINERAL DEPOSITS: ORES 

13. Introduction. Definitions of Ore.... 18 

14. Metals in the Earth’s Crust. 18 


AST. PAOS 

15. Cavities in Rocks; Ground-waters. ... 18 

10. Minerals and Localisation of Ore- 

deposits. 19 

17. Classification of Ore-deposits. 20 

18. Iron,. 20 

19. Copper. 22 

20. Lead and Zinc. 23 

21. Silver and Gold. 24 

22. Minor Metals. 20 


MINERAL DEPOSITS: NON-METALLIC 
MINERALS 

23. Abrasives. Asbestos. Asphalt. 28 

24. Building Stone, Clay, Cements, Limes 28 
26. Carbon Minerals: Coals, Petroleum, 

etc. 29 

26. Miscellaneous Non-melallic Minerals. 32 
Bibliography. 33 


Note.—Numbers in parentheses in text refer to Bibliography at end of this section. 


i-01 
























GEOLOGY 


1. INTRODUCTION 

A rock ia. a mineral or aggregate of minerals, forming an essential part of the earth; 
but many important mineral bodies, such as ores of metals, are not to be considered as 
rocks. Of about 1 500 species of minerals, on^’^'^O or 30 are important as rock constituents. 

The thr^ great classes of rocks are: Ignbous, solidihed from fusion; Seoimentabt, 
deposited in water or air; Mbtamobphic, recrystailised or otherwise altered igneous and 
sedimentary rocks, such that their original character has been obscured. Igneous rocks 
are believed to have been the predecessors and source of ail others (1, 2, 3). 

An analysis, illustrating gross composition of the outer 10 miles of the earth, is given in Sec I, 
Art 1. Compared with the percentages there stated, nickel and iron probably become increasingly 
abundant towiurd the earth’s center. 

Most abundant elements of rock-forming minerals are: silicon, oxygen, aluminum, iron, mag¬ 
nesium, calcium, sodium, potassium, and hydrogen; secondarily, carbon, chlorine, phosphorus, 
titanium, manganese, and sulphur. All other elements, even the familiar copper, lead and sine, 
and the precious metals, or an abundant atmospheric gas, as nitrogen, are small in amount. 


2. CHEMICAL COMPOSITION OF ROCK-FORMING MINERALS 

Rock-forming minerals comprise silicates, oxides, carbonates, sulphates, chlorides, 
phosphates, sulphides, and native elements. 

Silicates are the most important, whence silicic acid, in various forms, is the foremost 
acid in Nature. Three principal forms of silicic acid are represented in the rock-making 
minerals: HjSiOj (metasilicic), HiSiOi (orthosilicic}, and H 4 Si)Og. Pyroxenes, amphi- 
boles, and leucite are salts of metasilicic acid. Micas, olivine, anorthite, nephclite, garnet, 
and many minor minerals are urthosilicates. Orthoclase and albite are salts of ILSijOg. 
Some silicates have only the usual bases, aluminum, iron, magnesium, calcium, and the 
alkalies, and are called anhtpbous; others, usually formed by weathering or alteration 
of the first, contain hydrogen and oxygen in such proportions as to be driven off as water, 
and ore called htdbated siucatsb. This distinction is rendered imiiortant by the gen¬ 
eral secondaiy character of hydrated silicates. The chief anhydrous silicates in igneous 
rocks embrace the following mineral groups: feldspars and feldspathoids, pyroxenes, 
amphiboles, micas, and olivine. Rarer and less important are; zircon, sphene, tourmaline, 
and analcime. On weathering or other alteration, the hydrated silicates, kaolinite, 
chlorite, and serpentine, usually result. Metamorphic rocks contain a few characteristic 
silicates, besides the common ones of igneous rocks, viz; staurolite, sillimanite, kyanite, 
andalusite, scapolite, and epidote. 

Oxides are next important, of which quartz (SiOi) stands first, being abundant in the 
great classes of rocks. The related forms of silica, chalcedony, cristobalite and tridymite, 
and the hydrated variety, opal, should also be noted. Next are the oxides of iron, magnerite 
and hematite, and the hydrated form, limonite. With magnetite are associated chron.jte 
and ilmenite (FeO-TiOi). Water, whether liquid or ice, is technically a mineral. 

Carbonates are calcite, dolomite, and siderite, with their intermediate mixtures. 
They are of chief importance in sedimentary and metamorphic rocks, occurring rarely in 
igneous rocks, except as products of weathering. There are two common strLPHATES, 
anhydrite and gypsum. One ohlobide, common salt, alone merits attention. The 
PHOSPHATES are apatiti. and cellophane. Two sulphides, pyrite and pyrrhotite, are 
widely distributed. The one native rock-forming element is graphite. 

3. ROCK-FORMING MINERALS (1,2,3) 

Minerals of tiie igneous rocks are grouped according to their usual order of erystallua- 
ISen into; 1. Iron ores and minute associates. 2. Ferromagnesian silicates (olivine, 
mrroxenes, amphiboles, and micas). 3. Feldspars and feldspathoids (plagioclase, ortho- 
elase, nephclite, leucite, and analcime). 4. ^ortz, in acidio and hi^er medium rocks 
ohly. For descriptions, see Sec I, Determinative Tables. 

SMS 
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Miser^s of the aedinieiitety rocks are ordinarily fragments of minerala from ignecnia 
rocke. Quarts is most resistant to solution, alteration, and abrasion, and therefore appears 
in almost aU BandB4uul sandstones. I'lio others are less frequent. After quarts, carbon¬ 
ates are of chief interest. Calcite and dolomite constitute the limestones, sometimes with 
difl^t admixture of dderite. Kaolinite, montmorillonite and hydromica enter the fine 
sediments. The two sulphates, gjrpsum, the more abundant, and anhydrite, appear only 
in sedimentary rocks. The same is true of the chloride, rock salt. 

Minerals of the metamorphic rodn. The components of lx>th sedimentary and igneous 
rocks, when deeply buried, with attendant heat and pressure, recryatalliae at time« to 
distinctivdy metamorphic minerals. Silica, being omnipresent, survives as quarts. 
The aluminous components afford andalusite, sillimanite, and kyauite. Magnesian, iron, 
and aluminous compounds yield abundant biotite and occasional epidote. Lime, in asso¬ 
ciation with ferric iron or alumina, makes garnet possible, but orthoclase may become 
muscovite. The feldspars are important components. The ferromagnesian minerals 
(oblexrite and serpentine) are derived from magnesium- and iron-bearing originals. 

Stutunaiy of Rock-fonning Minerals 

Ignsons Rodn. Qtiabti 

Fxldhpahs: orthoclase, plaeioclase 
Feldspathoiob: nephriine, leuoite, aiialeiine, melilite 
PTBOxKNEit: fayperethene, diopaide, augite, soda-pyroxenes 
AMvniBOiiBS: hornblende, soda-amphiboles 
Micas: biotite, tnnseovite 

Othkb MiMBBAie: olivine, magnetite, ilmenite, apatite, sircon 

Sedimentary Rocks. Fragments from igneous roeks, especially quarts and feldspars; kaolinite, 
montmorillonite, hydromica, calcite, dolomite, siderite, limonite 

Metamorphic Rocks. Quartz, feldspars, biotite, muscovite, hornblende, epidote, gau'net, 
sillimanite, andalusite, calcite, dolomite, serpentine, talc, chlorite 

4. IGNEOUS ROCKS 

Structures and textures. In a broad way, igneous rocks, os contrasted with sedimen¬ 
tary and metamorphic, have a massive structure; that is, their minerals are not arranged 
in parallel or distinct layers. Massive is in many respects a synonym of igneous. Exam¬ 
ined more in detail, as in hand-specimens, they have 4 common textures. Where the 
molten mass has been too quickly chilled to crystallize, the texture is giuassy. This texture 
appears on outer borders of thin masses, on upper surfaces of lava flows, and, in relatively 
infusible varieties, it may extend through an entire flow. It is most frequent in siliceous 
rocks, which have high fusing points; it is rare in the medium, and scarcely known in the 
basic. Where molten masses have cooled rather rapidly, and yet not so quickly as to 
prevent crystallization, very fine-grained textures result, called feisitic. But, if older, 
larger, and already well-formed crystals at the time be swimming in the magma, whirh 
then crystallizes in relatively small components, the texture is called pokpiivkitjc. The 
large crystals are called fbenocbtsts and the matrix the GBorNi>-MASS. Phenocrysts of 
acidic rocks are chiefly quartz and feldspars; the dark ferromagnesian silicates are much 
less common. In medium rocks, quartz practically fails, and feldspars are associated 
with more of the ferromagnesian minerals. In basic porphyritic rocks, feldspars decline, 
while augite and olivine, and very rarely biotite and hornblende, gradually replace them. 
When a molten magma crystallizes into an aggregate of fairly coarse components of about 
the same size, the t^ture is granitoid (like granite). Rarely,in these coarsely crystalline 
rocks, the feldspars become unusually large and stand out in contrast with the rest. 

As a result of explosive outbreaks at voleanie vente, igneode rocks are eometirnee blown out as 
fragments of all sizes, from impalpable dust to large bombs. The fragments settle down on the eides 
of the cone or at greater distances, and yield rocks with marked fragmental texture, allied to sedi¬ 
ments. If coarse, they are called bbbccias; if fine, toffs. 

Chemical composition of Igneous rocks. Siuca ranges from about 80% to a theoretical 
minimum of 0% in certain igneous iron ores; only in rare cases does it fall Imlow 40%. 
Igneous rocks containing above 05% silica are called acidic; those with 55 to 65%, 
medium; below 50%, basic. Of alumina the superior limit is 25 to 30%; general range, 
12 to 18%; minimum, nearly 0. Iron oxides are low, 1% or less, in the most acidic 
roeks, but increase in Ae basic to 10 to 20%; in rare extremes, 90 to 95%. Magnesia 
sinks to a mere trace in the acidic, rising with fall of silica to 30% in the extremely basic. 
Lime is low in the acidic, gradually increasing to about 15% maximum in certain basic 
rocks. Potash is highest in the rare leucite rocks, reaching 10 or 12%; it ranges from 
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4 to 7% in medium rocke -with much orthoolaw, and disappeara in bade types. Soda 
has a simiiar maximum in the rare nepbdine rocks, and the same range in medium rocks 
rich in albite, approaching extinction in the extremdy bade. Wavsb, of 0.5 or 1%, 
usually indicates weathered rocks. 

It is importiuit to connect chemical compodtiona adth the resultant minerals and vice vena. 
Chemical composition obviously determines the minerals, and, in so far as extremely acidic rocks 
have relatively high fudng points and chill more easily, it also influences textute. 

aassification of igneous rocks shown in Table 1 has general acceptance by geologists. 
Rooks range from acidic on left of taUe to basic on right; from quickly-chilled rocks above 
to dowly-cooled rocks below, a still lower line of fragmentals marking trandtion to sedi¬ 
ments. The forms assumed in Nature are in extreme left-hand column; to be defined 
after the descriptions. The rocks are further subdivided in vertical columns on basis of 
mineralogy. Feldspars and feldspathoids are the fundamental basis of subdivision; 
other minerals are subordinate. 

The table gives a general view of the igneous rocks and definea those commonly met in mining. 
For close determination greater refinement may be desirable. In some mining districts in the 
western U S are found the OBAiro-DioaiTXS (intermediate between granites and quarts-diorites), 
not mentioned in the table; they have about the same amounts of ortbodase and plagiodose. Inter¬ 
mediate between syenites and dioritee are the moksoniteb. If they have a little quarts, but not 
as much as grano-dioiites, they are termed quarts-monsonites. Butte granite, containing the 
copper veins, is tisually described as quarts-monsonite. Several great bodies of "porphyry coppers” 
are in monsonite-porphyriea. The varieties of gabbro containing hypersthene instead of common 
augite are called nokite; important because they contain the nickel-copper ores at Sudbury, Ont. 
(For meaning of names of other rare igneous rocka, sometimeB appearing in reports, eee glossary in 
later editions of Kemp's "Handbook of Rocks.") 

Glassy rocks are the most evident results of cooling from fusion. They are almost 
always acidic and are represented by the rhyolites and dacites, described later. More 
basic varieties are known, but are less frequept. Commonest glasses are the obsidians, 
black, red, and brown, with 0.5 to 1% water. They may be assumed to be quickly- 
chilled rhyolites or dacites. Pomick is an excessively cellular obsidian. A rarer glass, 
which chills into an aggregate of shot-like spheroids, is peabute or pbabi.-stone, usually 
containing 2 to 4% water. The last glass deserving mention is the rare, resinous pitch- 
stone, having 5 to 10% water and is more easily fusible with blowpipe than the others. 

Rhyolite-granite aeries embraces igneous magmas containing; silica, 65 to 80%; 
alumina, 12 to 15%; iron oxides, 1 to 3%; magnesia, less than 1%; lime, 1 to 2%; 
jmtash and soda, 5 to 8%. They are common in Nature, and on crystallising yield finely 
to coarsely crystalline rocks, consisting chiefly of orthoclaso, acidic plagioclase, and quartz, 
together with relatively small amounts of the dark silicates, biotite, hornblende, and 
augite, stated in order of frequency. Light-colored minerals are in great excess. 

Rocks of this series are; bhtoutb (syn, liporite), fclsitic or partly glassy texture, few pheno- 
crysts; bhtoutx-pobphybt (syn, quarts-porphyry), felsitio ground-iDass, abundant pfaenocrysts; 
GBANiTE-POBPBYBY, predominant phenooryats, subordinate ^ound-mass; obanitb, granitoid tex¬ 
ture, romponenta of about the same sise, but feldspars sometimes abnormally large. Peomatiteb: 
crystoUisution of granite is often accompanied by separation of portions of the magma, in association 
with abnormally large admixtures of dissolved gases. These portions pass outward into wall-rooks 
as dikes, often for great distances and in large size; on erystallising, they yield very coarse aggre¬ 
gates of same minerals as api>ear in granite itself, with many rare elementa oonoentrated in them, 
and are called pegmatite. 

In this series tbe prominent minerals are feldspars and quarts; dark silicates are subordinate. 
They are elosely related to the dacite-quarts-diorite series, from which to distinguish them micro¬ 
scopic examination may be necessary. The distinction is practically of small moment. This series 
is very abundant and widely diatributed. Ita tuSs and breccias are also frequent. 

Trachyte-syenite series embraces igneous magmas containing: silica, 55 to 65%; 
alumina, 15 to 20%; iron oxides, 1 to 3%; magnesia, 1 to 2%; lime, 1 to 3%; potash and 
soda, 7 to 12%. They are much less common than tbe rhyolite-granite series. On 
crystallising they yield finely to coarsely crystaHine rocks, consisting of orthoclase, acidic 
plagioclase, and usually notable proportions of the dark silicates, biotite, hornblende, and 
augite, one or several. Quarts fails, or, at most, is extremely subordinate. Light-colored 
miner^B are in excess. 

Rocks of this series ore: ‘)‘Bacrtte, feifttio texture, few phcnocrysts; tbacrtte-porpbtbt 
(syns, porphyry, ortboelase-porphyry), felsitio ground-mass, abundant pbenocrysts; srENiTB- 
poB»HTRT, predominant pbenocrysts, subordinate ground-mass; bysnite, granitoid texture, some¬ 
times varied by abnormally large feldspars. Syenitio-pegmatities are known, but are less frequent 
than granitie. 
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Ib this BeiiM, fd<]»pan moBt promineiit; dark ailieatM, attbordinata. Laek quarta ia tM 
abi«f diatinotioB from rhyplitika aad graaitaa. Tuffa aod braoeiBa ara koowa. 

PhonoUteHiephelixM-sydiiite geriea embrace* iictwous magmaa conteloing: ailica, SO to 
00%; alumina, 18 to 22 %; iron oxides, 1 to 3%; magnesia, 1 to 2%; lime, 1 to 2%; 
potash and soda, 10 to 15%. They occur infrequently. On ^stalhaing ^ey yield finely 
to eoarsdy crystalline rocks, consisting of orthoclase, leas Abundant plagiodase, nepheline 
(more rarely leudte), tmd pyroxene. Though rare, they are of great science interest. 

Rocks of this aerias are: pbonoute, felaitte or porphjrritia, with few phanomysta; rnoaouns* 
TOBPHTar, febitio ground-maas, abuadant pbeaocryata, of wbiob orthoclase is chief, nepheline baiitg 
usually confined to ground-mass; KXPBSUNS-sTKiuTit-PORPHTBy, predominant pfaenocryata, 
sub<wdinata ground-mass; NXi>KEUNX-BTSNiT8, granitoid texture, from rather fine to extremely 
coarse varieties, shading into pegmatiteo. 

In most of these roc^, orthoclase is most prominent, but in the last-named, nepheline is at times 
abundant. Many varieties have been recognised, depending on ‘entrance of ndnerala leas usual 
than those named, and the decline of normal components. Sodalite is sometimes very prominent. 
Biotite and hornblende are not so frequent as pyroxene. Rooks with leucite are known, but are far 
leas common than those with nepbelim. 

Dadte-quartz-diorite aeriea «mbraces igneous magmas containing; silica 60 to 70%; 
alumina, 12 to 15%; iron oxides, 1 to 3%; magnesia, 1 to 3%; lime, 2 to 4%; soda and 
potash (soda in excess), 4 to 7%. They are common in eruptive centers. On crystallising 
they yield finely to coarsely crystalline rocks, consisting of plagiodase, less orthoclase, and 
quarts, as the most prominent minerals, with biotite, hornblende, and pyroxene, one or 
several. The light-colored minerals are in excess. 

Rocks of this seriee are: oacitk, falsitie or partly giauy textures, few phenooryets; dacttb- 
POBPHYRY, fclsitio ground-mass, with abundant phenoorysts; qvabtz-diobite pobphyby, pre¬ 
dominant phenoorysts, subordinate ground-masa; QCAaTS-ojoaiTX, granitoid texture. 

Andesite-diorite series embraces igneous magmas containing: silica, 50 to 65%; 
■alumina, 15 to 18%; iron oxides, 4 to 9%; magnesia, 2 to 7%; lime, 3 to 8%; soda, 
3 to 5%: potash, 2 to 3%. They are very widespread. On crystallising, they yield 
finely to coarsely crystalline rocks, consisting of plagiodase, a little orthodase, and biotite, 
hornblende, or augite, one or several. The light-colored minerals are in excess and are 
the chief phenoorysts. The rocks have usually light gray colors. 

Rocks of this series are; andesitb (varietiee, mica-ondesite, bornblende-andeeite, augite- 
andeeite), lelsitic textures, few pbenocryste; ANoxsiTB-PoaPBYBY, felsitic groond-maas, with abun¬ 
dant phenocrysta; diobitb-pobphyby, predominant pbenocryste, ground-masa eubordinate; 
ntOBiTE, granitoid texture. Andesites are important in many western mining districts; in the 
recently extinct and active volcanoes along Pacific coast, in Mexico, and in other parte of world. 

Basalt-gabbro series embraces igneous magmas containing: silica, 40 to 55%;' alumina, 
16 to 20%; iron oxides, 6 to 15%; magnesia, 5 to 10%; lime, 6 to 12%; soda, 2 to 4%; 
potadi, 1 to 2%. They are very widespread. On crystallizing they yield finely to 
coarsely crystalline heavy rocks, consisting of plagiodase, little or no orthodase, and large 
proportions of pyroxene, olivine, and magnetite. The dark mlicates are in excess and give 
rocks dark gray or black colors. 

Rocks ot this eeriee ore: basalt, felsitic textures, few phenocryets; BABALivpOBPHYBr, felxtio 
ground-maee, abundant pbenocryste; oabbro-fobphyby, predominant phenocryets, eubordinate 
ground-mase; ni abase, granitoid texture, feldspars long rectangular, pyroxene irregular, in spaaes 
among the wd^crystalliaed feldspars; oabbbo, granitoid, components ae broad as long. 

Basalt-gabbro rooks are very abundant. Pbenocryste are almost entirely olivine and pyroxene. 
The peculiar texture of diabase, due to feldepare completing their crystallization before the 
pyroxenes, contrary to rule, gives it a epeeial place. Varieties of pyroxene afford special varieties 
of both basalts and gabbros. Hornblende and biotite are rarely observed; nepbeliM, leucite, 
anddte, and melilite eometimea appear and may displace the plagiodase. All feldspare and 
feldspathoids may fidl, giving the rare basalts, limburtdte and augitite, and the rare gabbros, 
peridotite aad pyrozenite ('^ble 1). 

Ultra-basic rocks. There ara a few rare igneous rocks with less than 40% silica and corre¬ 
spondingly high bases. The most important ore the igneous magnetites, often titaniferoue; in 
some plaoea they are independent dikes and sbeets, in others, segregations in igneous rocks. 

DetenUnetioa of igneous rocks. Their crsmtalline, massive character usually serves to identify 
them OB igneous, W s warning may be pyen respecting certain dense contact-products, caBed 
ROBitrBLa. il»t decide on predominance of li^t- or dark-colored minerals; next, on tmiture. If 
light-colof^ imnerals are in excess, fddspar is determined as orthoclase (no etriations on cleavage 
j[(^oes),orpiagtoelaae (atriated). Quarts is looked for. Ha'ving thus decided general nmae, the dark 
sllicete is determined. If dark-colored minerals are in excess, and phenocrysts are aiao dark, the 
rock is placed in the basalt-gabbro series and identified more ahari^y by its textures. A rock so 
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finely oi^taUlne that no miaenla ean be idaatified ia oidled fdilte, if Ugfat-oolond; <a baailt, if 
dark. fifiwoMopio eumination ia neoeaaary for further refinement. Greatly altered roeka, auoh 
ae are oommonly adjacent to mineral veina, oan often be detnrmined through aurviving charaotera 
only diaoernible with mieroaoope. If atained with chlorite, they are called ogagNeroKcs. 


6. SEDIMENTARY ROCKS 

There are 4 groups (Table 2 ): (a) Breodas and medtaaical sediments, not limestones; 
(b) Limestones: (e) Organic rraiains, not limestones; (d) Precipitates from solution. 


Table S. Sedimentary Rocks 
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i 

o 
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Cetertnination of eedimentary rocks. Almost all may be reoogniaed on sight. It is important 
to make effenreaoing teats with acid, to identify limeatonce, ealoareoua shales, etc. Scraping up a 
little heap of powdered rook favors efierveacence. Warming a corner or edge of the rock even in 
flame of a match doea the same, and may make stubborn dolomite /idd to acid. 

The rocks of group (a) may be arranged from coarse,to fine, as follows; 
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Breccias consist of angular fragments and are of 3 kinds: fault, talus, and eruptive, 
the names being equivalent to definitions. Mechanical sediments, or gravels, contain 
rounded or water-worn fragments, and when consolidated are coNotxntsRATBS. They 
pass into SAvns as the boulders or pebbles disappear; and when consolidated, SAKi>8TOMna 
















































Table 3. Metamorphic Rocks 


2-08 


GEOtOGY AND MINERAt DEPOSITS 


11 ' 




I' 

•g 

K 


I 


.a 

'S’a 

& M 

s “ 



ii 

■J§- 

1 i 

1 

3 a 

Serpentinous 
marble or ^ 
ophicaldte, 
verd-aa- 
tique 

Serpentine, 
often with 
chromite, 
garnet, etc 

Soapstone 
or steatite 

CryataUioe 

Limestones 

Marbles often 
with mica, 
tremolite, 
ete 

Dolomites 
often with 
mica, tremo- 
lite, etc. 

£ S 

•a % 

i® 

11 

S s-s 

1 |.a 
sa-g 

11 

III 

o« 

Crystalline Schists 

Mica schists 
often with gar¬ 
net, stauro- 
lite, etc 
Fhyllitea 

Hornblende 
schists often 
with garnet, 
epidote, scap- 
olite 

Amphibolites 

Chlorite schist 
or green schists 
Talc schists 
Edogite 
Giaucophane 
schists 

Quarts schists 

«s 

.g 

Horn¬ 

blende 

Various 

schists 

Gneisses corresponding 
ir Mineralogy to the 
Granitoid Igneous Rocks. 

A few others 

Derived from 
Sedimentary 

Granitic gneiss 
or gneiss 
proper 

Syenitic 

gneiss 

Dioritic gneiss, 
ete 

Conglomer¬ 
ate gneiss 

Gneisses with 
a prominent 
mineral, such 
as biotite- 
gneisa, etc. 

Derived from 
Igneous 

S 18 

■§ '5 1 <s 

^ a a 1 s 

||g. SB « 8 s-i O.S 

isl tl 1 1 la la 

O £ Q O 

External 

Effects rda- 
tively slight 
Quarts! tea 
(Bucbite) 

Andalusite 
hornfds 
Lime-eilicate 
hornfels 
Spotted slates 

Garnet, diop- 
dde, vesuvi- 
anite, epi¬ 
dote, woUas- 
tonite, seap- 
olite, ores 

Natural coke 
Anthradte 

L ® 

6*0 o 

sll 

111 

1 

it 

Limestones 

Coals 


I 


I 


I 


1 

M 



F09MS ASSUMED BY IGNEOUS BOCKS 2-09 

i«8uU. .Sa&cis, nfith admixture of (A»y mud, become as the sand disappeara. 

Biurt and CjiATa; if (»lcareous,.they aroosicareous sandstone, calcareous shale, and masl. 
Umaatonea may be coaraely or finely fragmentai, tmt are almost always derived from 
remains of organisms. Other organic remains yielding rocks are the siliceous diatoms and 
sponges, and carbonaceous plants in coal seams. Precipitatea are rock salt, gypsum, and 
Btalagmitie marbles. Certain ferruginous rocks also are probably of this nature. 

6. METAMOBPHIC ROCKS 

These are of 3 great classes: contact rocks, produced by intrusive igneous rocks 
from their immediate walls; rbuioxallt ubtakobphic ttpes, which extend over great 
areas; and raonucrs of weathering. 

Contact rocks embrace both the chilled border facire of intrusive (internal or 
SNOOMOppaic), and the recrystallized products from shales, slates, or limestones (external 
or BxoMORPHic). Other rocks, such as sandstones and regionally metaiiiovphic varieties, 
are much less influenoed by intmsives. The general name for densely crystalline, alteied 
shales is hobnfels. From limestones a scries of lime-silicates result.s; among them, 
garnet, pyroxene, epidote, and vesu\'ianite are commonest. Copper ores and magnetite 
often occur with them. 

RegionaUy metemorphic rocks embrace representatives of both igneous and sedimen¬ 
tary typos, mineralogicully re.scmbling sometimes one, sometimes tlie other. 'J'hey include 
gneisses, mica-, hornblende-, and chlorite-schists, quartz-schists, quartzites, status, mar¬ 
bles, ophicalcites, serpentines, and soapstones. Gneisses are banded or foliated socks 
of the granitoid-igneous types, but are most commonly like the granites. M U'a-schists 
are more finely foliated, and richer in mica than the gneisses. Hornblende-schists are 
finely foliated, roughly parallel aggregates of prismatic hornblende, with rclatix'cly few 
other niineral.<i. CHLORiTE-scHrsTS, quartz-schists, etc, are finely foliated, with the 
characteristic mineral prominently developed. Quartzites are sandstones hardened 
and solidified with newly deposited silica. Slates are derived from shales and clays, with 
a now cleavage produced by pressure, but having no definite relation to original bcilding. 
Irregularly breaking, metamorphosed, sandy shales, and volcanic tuffs and breccias, arc 
called GKATWACKE. Marbles are recrystallized limestones, often dolomites niiueralogi- 
cally. They may be mottled with serpentine, forming ophicalcites. Sekpkntinbs 
are usually metamorphosed peridotites. Soapstones arc higher in silica, and consist of 
talc. They may be old pyroxenites or siliceous magnesian limestones. 

Products of weathering constitute the mantle of decomposition products, resting upon fresh 
bedrock to a greater or less degree, which is due partly to mechanical breaking up of the origiiiui 
rock, partly to alteration and disintegration by removal of soluble ingredients. Quartz and aluitii- 
uous hydrated silicates, with ferric hydrate, become relatively enriched, while the other ozidc.s go 
off in solution. Soils and subsoils result, and sediments are afforded for making sedimentary rocks 
General names for the mantle of weathered products are: saprolite or rotten rock; litkritk, 
residual soils, etc. Laterization is most pronounced in tropical climates. 

Determination of metamorphic rocka is rarely difficult. Definitions convey the idea of char¬ 
acters. Dense horiifclses sometimes resemble felsites, and may require microscopic dctermiriaiioii 
Gneisses, with increasingly fine foliation, shade into mica-schisls and mica-schists into slates, so 
that distinctions may be matters of judgment. I'he other rocks of this series give little difficulty 


7. FORMS ASSUMED BY IGNEOUS ROCKS 

in tue field, igneous rooks are found in dikes, necks, ^bosses, stocks, surface flows, 
intrusive sheets or sills, laccoliths, and batboliths. The size and shape of these bodies 
exercise an important influence on texture of the component rock. Small bodies chill 
quickly and arc glassy or felsitic; large bodies cool sloWly and are porphyritic or granitoid. 
Designating one horizontal dimension as length (L), the horizontal dimension at right 
angles to L as breadth {B), and the vertical dimension as depth (P), a mathematical 
expression can be roughly formulated for each type. 

Dikes are long, narrow bodies of igneous rock. Ailing fissures in older rocks, into which 
it has entered in molten condition. In dikes, L and D are great. B relatively small; they 
vary from less than 1 in wide and a few yards long, to fractions of a mile in width and 
many miles in length. They usually have steep dips; are often intimately associated with 
orebodies, and in one place or another «n brace all varieties of igneous rocks. They 
m^y mark the last outbreaks in a series of eruptions in a particular district, and are then 
usually very basic, as at Cripple Creek, Colo. 

Dikes may radiate from an igneous center for miles into the surrounding strata, as in the Crasy 
Mts, Mont, or the Trinidad coal region, Colo. They may appear hundreds of miles from other 
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known igneonn rookn, ns in eonl menattna of B W P«uuylTUis». A dik« doriTod from ididlfiad 
molten rook, even though n tnagmai be regarded m * aolution, praetaonlly nil of ertiiob eryvUlUMg 
tn aitu, to oontrnsied witb a vein, nmilar in ehape and in rdationa to the widto, but vbudi to defMndted 
from aolution, the aolvent paaaing on. Yet, in the oaae of pegmatitea, it to not olear whether the 
term dike or Tein ahoidd be need; th^y ^may be oonaidered the reault of aqueo-igneoua prooeaaea of 
iuaion. 

Reck is the aolidified mass of lava that remaiiu in the throat of a volcano after its 
last outbreak. When first congealed, it connects the lava that has poured frcnn tiie crater 
with the unerupted residue in depth, just as a human neck connects head and trunk. 
As seen in the field, it is usually a decapitated neck, in that it is exposed to view only after 
removal of the lava flow and much of the cone erosion. L and B are smidl, 2> g^at. 

In volosnoes, which yield both lavu and explosive produote, the neck may be part aoUd lava 
and part breccia. Ifecka project in a rudely eolumnar manner from remnants of the old crater and 
toom d4brto futniahed by their own disintegration. 

Bosses are roughly cylindrical masses of igneous rock, projecting above surrounding 
wall rocks like the boss on an old-time circular shield. Coarse granite or pegmatite, 
because of its relative resistance to erosion, often projects from surrounding mica-schists 
or other softer rocks. Bosses differ from necks in not being due to volcanic activity. As 
in case of necks, however, L and B are relatively small, D great. 

Stocks are large, roug^y cylindrical masses of intrusive porphyritic or granitoid rock 
in the midst of older walls. They do not necessarily stand in relief, but otherwise resemble 
bosses; L and B are small with respect to D, although absolutely rather large. 

The name ''stock'' to the German word for floor or story in a house, and was applied to masses 
of igneous rock of cylindrical shape, because certain granite bodies of rounded outline, containing 
disseminated oaasiterite, were formerly mined in horisontal slices or floors. Finally the mase of 
rock itself came to be oidled a stock. For good illustrations, see Telluride folio of U S Qeol Surv. 

Surface flows are produced when lava wells out from a vent, and flows over surface in a 
relatively thin sheet; L and B are large, D small. In upper and under portions are many 
cavities, caused by expanding gases; the middle part is usually dense, and in a thick flow 
may bo comparatively coarse-grained. The cavities are flattened and rounded like an 
almond, whence, from the Greek, they are called amyqdaloids. 

The top of A flow may be a rough, siaggy scoria, even consieting of cakes of chilled and broken 
crust. Where dissolved gosee have all escaped before consolidation and while lava is yet molten, 
the final chilled surface may be comparatively smooth. Surface flowe may bury one another in 
succession, or be covered with latw eediments. They are distingxiiehed from intrusive sheets, 
because tbdr beat can at moet affect only underlsring rooks, not those formed above them after 
cooling; whereas intrusive sheets bake both walls. More than 100 suooeesive surface flows of basalt 
have been out by deep shafts in the Lake Superior copper distriot. 

Intrusive sheets or sills are masses of igneous rock which have been forced between 
strata of older rocks, and have solidified parallel with them. L and B are great, D small. 
The shape resembles that of a surface flow, and when a surface flow resting on sediments is 
buried under subsequent bads the result is much the same. The heat of intrusive sheets, 
however, always affects the sediments above and below them, and sometimes produces 
important contact zones. 

Intrusive eheets vary from, a few feet thick, and of no great known extent, to sueh a sill as the 
Palisades of Hudson Biver, visible 60 miles, traceable by drill 26 miles more; its thickness reaches 
600 ft, but is usually lees. Intrusive sheets doubtless rise from the depths along fissures, like dikes, 
but then turn sidewise between strata along a line of least reeistanoe. They are sometimes aaso- 
ciated with ore-depoeite, as at Leadville, Colo, and Merour, Utah. 

Lacciffitba are a variation of the intrusive sheet and are lenticular in shape. If a sill be suppoeed 
to atari, from its feeding dike, sidewise between atrata, and to find it easim: to raise the overlying 
beds of a limited area than to force its way with uniform thickness far and wide, a lenticular mase 
trill result, tapering from a oentral maximum thiokness to a thin edge. Hence, L and B are rela- 
tivdy large, D emaUer but variable. Laceoliths which are fed outwardly from a oentral supply 
fissure are symmetrical; but this fissure is sometimes a fault, with bard strata opposites<rft ones, so 
tiiat the intrusive can penetrate outwardly only on one ei^. Unsymmetricid maaaes, practic»Uy 
halMacoolitba, result. Limcolitbs heave up overljdng strata in domes, and when these are eroded the 
laceoUth to exposed in midst of outwardly dipping beds. The entrance of lacooUtbe may have 
been aided by incipient folding or arching ‘.of b^ under compreeuon. Laccoliths are widespread 
in the w^tern states. The name was coined by G. K, Gilbert from the Greek winrd for etotern, as 
the shape suggested the ancient domeHsovered vaults for storing water. 

Clunelhhs are irregular intrusive bodies, mther filling a pre-existing osvity, or rending apart 
the roetoi to make a way for itself. The name was coined by R. A. Daly from the Greek word for a 
mould ia which metal to coat. No definite expression in ternu of L, B, and D to possible. 
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»«line* iBMMW id intruRvs rook, of imculor obopo «ad iroot extent; L, B, end D 
«n aik gilat. Orsaite mewee, equiure milee in area and aometimee onfaio noke io Tohime. are 
lUuatrationa. They are apeoial^ abondant in i>te-<7ambriaa etrata. 


8. FORMS ASSUMED BT SEDIMENTARY AND 
METAMORPHIC ROCKS 

The distingaiehing feature of aediznentary rooka is their arrangement in parallel layers, 
during formation. Variations in deposition of sediment from high and low tides, storms 
and calms, floods and droughts, produce contrasts in coarseness and fineness. At the 
outset they are flat, except for the slight inclination of the sea bottom, and irregularities 
due to delta formation and swift currents. The inclined position often seen in exposures 
today is due to subsequent disturbances. 

Stratification. The smallest division of a sedimentary rock is a latsb or lamina.. It 
mi^ be a fraction of an inch thick and marks one period of especially abundant deposit. 
Li^re go together to form beds, the natural units of sedimentary rocks. Bedding planes 
are recognizable and thick- and thin-bedded sedimentariea are distinguished. Beds 
combine to constitute a stbatum, or tabular mass of one kind of sedimentary rock between 
others which are different. A stratum may range from 1 to 1000 ft thick. Thin strata 
are called seams, as of coal. Limestones, shales, and sandstones afford thick strata. 
In geological mapping, a thick and persistent stratum is often called a formation. 

Sedimentary rocks present all the features of the bottom, or of the strand uetween high and«low 
water; as ripple marks, tracks, stranded sheila, rill-marks, mud-cracks, flow and plunge from awift 
currents, irregular beddings, and cross-bedding in individual layera, aa in deltaa. Since the greatest 
thickness of sediments gathers along subsiding shore lines, with attendant advances of sea over 
land, there are found in normal succession; conglomerates, which represent idd shore shingle, fol¬ 
lowed by sandstones, representing ofl-ehore shallows; next shales, corresponding to deeper, quieter 
water; lastly, as representing still deeper water, free of mechanical sediments, are limeetonee, 
consisting largely ot organic remains. This normal succession is not always found, since eetuariee 
and rivers destroy uniformity, but it is not infrequent. There are also desert accumulations, 
whorein wind-blown particles are important, and are aMociated with beda from temporary streams, 
lakes, and floods, l^d accumulations are chmaoteristically red, from oxidation of iron. 


9. ROCK DISTURBANCES 


World-wide observation has shown that the rocky outer portion of the earth has been 
subject to many disturbances. Great masses may rise or sink without changing the local 
attitude of the rocks. These continental movements are of scientific interest, but seldom 
of importance to the engineer. Localized movements, due to elevation of a long and rela¬ 
tively narrow belt in a mountain chain, and disturbances incident to intrusive entrance of 
bodies of igneous rock, are more important. The results of these movements are termed 
FOLDS and FAUim. 

Folds arc bendings in strata, whereby each layer assumes a curved form, approximat¬ 
ing a portion of a cylinder. When classified in order from least to greatest, folds embrace 
MONOCLINES, ANTICLINES, and BTNCUNBB of several types, also 
DOMES AND BASINS. 

Monoclines (Fig 1) are terrace-like bendings of strata, 
with inclination vwying in amount, but always in same direc¬ 
tion, as the name implies. A roll at top of the terrace marks a 
belt of especial strain in the strata affected, and may be accom¬ 
panied by numerous cracks. At foot of the terrace is/i second 
roll in reversed direction, with attendant strains and cracks. 

In the upper roll, overiying beds are subject to tension, under¬ 
lying to oompresrion; in the lower roll, the upper beds are comprised, the lower tense. 
Between these areas is necessarily a surface of no strain. 



Fig 1. Monocline, in a 
Suooeaaion of Beds 


Monoclines which involve parous beds, such aa open-textured sandstonea between tight ahalea, 
are sometitnes important {daces for accumulation and storage of natural gas and petroleum. The 
search for these is essenti^ly an endeavor to locate, with the driU, favorable monoclines or gentle 
anticlinee. Monodines have been deacribed aa arrested anticlines. In a saics of sediments oom- 
priaing shales or other soft strata, monoclinee or even more violent folds in stiffer strata may_ at 
depth disappear entirely in the adjustment of soft underlying shales, the plastic ntovement of which 
takes up and distributes th>. fold until it is diffused and lost. The name monocline (or monocUnal 
Btruoture) is sometimes applied to a remaining half of an eroded anticline w ayncline, the other half 
of which ia not apparent; indinaUon of the b^ » aU in one direction. 
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AnttcUtM and syndtna (Fig 2) are complementary terms; one rarely appears witbout 
the other. An anticline Is an arch-like bmd, a syndine a corresponding trough. The 
upper part of an anticline is called the crest; its sloping sides, umbb or naos; the cetatral 
portion, running parallel with the axis of the concentric partial cylinders, the surfaces of 
which are represented by each folded bed, is the axis. The bottom of a synoline is the 
trough. Bcneatli autidinial crest and synclinal trough the beds are especially strained 
and cracked; the cracks tending to gape upward in the anticline and downward in the 
syndine. The limlis of each type of fold are less strained than cr^t or trough. Thus, 


good building stone will be found on the limbs 
rather than at crest or in tro\igh. On the 
contiary, veins and mineral deposits fiom 
ciieulating waters find natural resting places 
in ciest and trough. 



Fig 2. Anticline and Syncline, Fig 3. Fitchine Anticline, Showing Concen- 

»ith Horiiontal Axis tricnlly Curing Outcrops of Eroded Beds 


Anticlines and ByncUnes, when followed for n mile or more, seldom have horisontal axes m 
shown in Fig 2. The axes usually pitch downward (Fig 3), though they may afterward rise again. 
In Fig 2, the component beds, if eroded, would appear at surface in parallel bands. 'When pitching 
folds arc eroded, the several beds appear at surface os concentric curves (Fig 3). In anticlines the 
upx>or or later beds are outside, the under or older, inside; in synclincs the under or older beds are 
(lUtsidc, the upper or Igter, inside. Because of these relations, geologic structure may sometimes 
be inferred from u colored geologic map. 

Anticlines received their name because the observer was assumed to stand at the crest, from which 
the beds inelined otitwnrdly in opposite directions;- hence the prefix “anti,” for “opposed.” Stand¬ 
ing in the trough of the syiinline the observer sees the incliued beds sloping toward bun, bi:nco the 
prefix “ayu,” for “together.” Anticlines and synclincs of which the inclination is the same on both 
sides of axis tsee diagrams) are called stmmutkical. Symmetrical folds may 



vary from those of comparatively alight disturbance to tightly compressed folds. 
In the former, where the limbs of a bed are separated by other beds, the fold is 
called oprn; but where from extreme compression the limbs of a single bed are 
brought tightly together, the fold is closed. Fig 2 shows open symmetrical folds; 
Fig 4 closed symmetrical folds. A limiting case of the anticline, speaking mathe¬ 
matically, is the DOME, in which the beds pitch radially in all directions from a 
central point. The variable direction of the inclination has suggested the name 
QUAvitTAVEKs.vL. A domc IS an anticline of w'hich the axis is reduced to a point. 
Domes are chiefly developed above laccoliths; seldom in other relations. A 


Fig 4. Closed UASix is a syndine the axis of which is a point, toward which ^he strata con- 
Fold verge. Boeins in this strict sense are rare, and result from local removal of sup¬ 


port and collapse of strata. The term is also used in the geology of coal for a 


synclinal arrangement of strata, wherein a rising pitch of the axis in opposite directions brings the 


measures to the surface. The seams thus form concentric canoe-shaped or spoon-bowl synclines. 


Vneymmetncal folds. Strains which caused a fold may have pushed one limb under 
or over the other, thus producing unssnmmetrical inclinations. From relatively slight 
dilTereuces, the overturn may increase[.until the overturned jxirtion 
rests on an underlying portion. Such folds may even be S-shaped 
(sigmoid) or BBcrMBENT. On a small scale, these olten occur 
in metamorphic districts; on a large scale they occur mainly in 
regions of violent disturbance. 

Type names may be used, such as the Jura type for symmetrical 
folds', Appalachian type for those steeper on one side than the other 
(Fig 5). Closed folds are those «l which the limbs are squeesed so 
tightly at one spot as to cause a groat bulge of an upper or under core of 
rock. 'When the surrounding strata incline away radially from the FJv 5. Overtttraed 
compressed area, like ribs o{ a fan, the fold is called a fan-fold. Fmd of Appalaobian 

Folds vary in size from smtdl wrinkles and puckers, os in schists, to Type , 

arcs having chords of yards, miles, or hundreds of miles. Folds ore 

sometiines designated as of the first, second, third, or higher orders. A mountain range, consisting 
(d an asticliue or a synelise, is respeotivdy called an Asneuxomuu or syrmuHOiuuM, the Greek 
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word for mouatoin being added to type of fold.' When greet flat folds occupy an appredalide part 
of eartb’s auxface, tb«y are oaQed respectively oB^umcuMss and obobyncumes, predxing Gredc 
word for earth to name oi fold. Folds are of great importance in engineering wwrk, pot only in 
mining bedded nuuerala like coal, salt, and some iron ores, or in the discovery of petrohuint and gas, 
but also in cenneoticai with ndLway tunnels, aqueducts, and other engineering work. 

Dip and striko. Dip is ^ angle of inclination of a vein or bed bdlow horisontal. 
Stbikb (course or bearing) is the direction of line of intersection of an indined vein or 
bed with a horizontal plane. 

The dip angle is the angle between two perpendiculars, one in the inclined plane, the other in 
ti>c horiaoutal, let fall from a common point on their line of intersection (the strike). The etrike 
it stated in degrees and minutes, £ or W of N or S, for example N 25° 30' £. Since plane of cUp in 
at right angles to line of strike, it is recorded in degrees £ or W of strike; thus, a strike of N 25° E 
and dip of 50° N W signifies that the plane in which dip is measured runs 65° west of north. Some 
observers note exact direction and amount of dip, leaving strike to be inferred. Thtis, a record of 
a sandstone bed dipping 60° in a direction N 65° W, implies a strike of N 25° £. First mode of 
statement is customary in America. A aEoi.oai8T*B tompabs has one flat side, and usually a pen¬ 
dulum, swinging around a gradtiated semi-circle, so as to give direct <hp reading. In plotting, each 
observation of strike may be ootrecttid lor variation of needle, or, in more elaborate compasses, the 
graduated circle may be turned to read directly observations referred to true north. 


10. FAULTS 


A fault is a dislocation in otherwise continuous strata or masses. It results when 
rocks are so excessively strained that they yield along a crack or series of cracks, one side 
altering its position with respect to other. One side may rise, sink, move laterally, or 
(as resultant of all 3 movements) diagonally, with respect to other side. In nearly all 
coses the fault plane or planes are inclined to horizontal, the upper and under sides being 
designated by the miner’s terms, hanqikg wall and roof wall. Limiting cases are 
vertical and horizontal faults. 


Clazaification of faults (11, 12). The conunonest 
faults (Fig 6, 7 and 8), In norual fault ("normal” 
mon") the hanging wall has slipped down with inference 
to foot wall. The movement is rarely directly down 
line of dip of fault plane, but usually on a diagonal. 
The position of any point in dislocated portion Is 
referred to the 3 axes of solid geometry: the vertical 


Hmn 


are: normal, reverse and shift 
here meaning "usual” or "com- 




Fig 6. Normal Fault, 
Displaoiim Flat Coai- 
aeam. CroaB-aeotion 


Fig 7. Reverae Fault, 
Begun aa an Over- 
turued Fold. Croaa- 
section 



Fig 8. Shift Fault in Vein Dip- 
ping 50°. Same Effect would be 
Produced by Normal Fault, with 
Diagonal Diaplaceraent Involv¬ 
ing Shift Component Aw» from 
Obeerver; or by a Large Throw, 
Straight Down the Dip 


component is the throw; horizontal component perpendicular to the strike of the fault 
plane is the hrave; and horizontal component in fault plane is the shift. These mathe¬ 
matical factors assist in determining direction and amount of movement, the line of which 
is the diagonal of the rectangular prism the edges of which are the heave, throw, and shift. 

Fault-brecda. Movement of fault wfdis, or of one wall on the otW, often crushes 
adjacent rock to a mass of angular fragments, mixed witl^more finely comminuted material. 
Circulating waters may cement the whole into a solid mass, by depositing new minerals, 
sometimes producing valuable ore. This mass is a fault-dreccia. Fragments of any 
bed, dike, or vein, involved in the fault movement, will be dragged along from stationary 
tide in direction of movement; or will be left behind by moving side; and if followed along 
fault plane, will indicate direction of movement. Such fragm^ts furnish valuable evi¬ 
dence and by F. T. Freeland have been aptly termed the trail of the PAri/r. Should 
a vein be cut off by a fault, with attendant breexsia, fragments of the vein should bo sought 
in the breccia and the trail followed to pick up continuation of vein. 

Drag. Faults oiten cut relatively soft beds, as shaioB or ahaly sandstones. Friction 
of the walls upon each other causes a downward bend in the beds of stationary or lifted 
side gnif an upward bend in those of the moving or dropped tide. These bends, called 
ERAO, show the Erection of movement (Fig 6). Drag is not found in strong rooks, like 
granites or heavily-bedded lunestones. 
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SUekfMiiidM are polialied aad usually grooved mirfaoea, oiteu oaueed by movemeulr of 
walls of a fault or vem. Upon tine wall-rock the grooves indicate direction of xnovemMi^ 
but do not necessarily riiow which aide has gone up. or down, or latendly. 

Some obeervera have thought that by aoraping finger nail or finger aeroaa the grooves, one side 
ft them will be found steeper than the other. If the grooves are tasted in alickenaidea on undmide 
of idane of movement, sadn steep ridge is considered to be the lower side of groove, or the side whioh 
resisted bearing down of hanring wall while moving diagonally downward in fa^t plane. It will 
thus indicate the actual direction of movement. Should the steep ridge be on uppw tide of grooves, 
an upward movement of hanging wall is indicated. Others have thought that when the finger is 
moved along the groove the greater roti^neas u felt in the direction of movement of the part felt. 
Sliokantidea on fragments in fault-breccia are of little signifioa^m, since they are not m titu. 

Horses are large disconnected masses of wall rode, involved in faults, or produced 
by forking of a fault fissure around a split-off fragment, and especially when related to 
subsequent vein-formation along fault. 

Shear-tones. When a fault movement is distributed along a number of paraUel 
I^anea not widely spaced, the wall rocks are broken into parallel tabular masses, and are 
said to be bhbbtsd. The resulting fault is “ distribute," and the sheeted strip is a 
SHXAR-zoifE, Gonoa is a sheet of clay, often occurring along the outer edge of fault 
breccias, especially those subsequentiy mineralized by circulating waters. Other names 
are: SEnvAOi: and mvcAN. 

Fault-acarp. If a fault involves an appreciable vertical component, the relatively 
lifted side may stand out as a terrace or escarpment, the fault-scarp. Erosion soon wears 
it down, BO that fresh fault-scarps are rarely recognisable. Faults have sometimes aided 
the deposition of ore bodies by furnishing waterways. When they are developed across 
an older mineral deposit, serious displacement may be caused. 

Rules for solvliig faults have been formidated by Schmidt (13), Zimmermann (15), 
Freeland (9) and others. In studying a fault, observe trail, drag and slickensides. Strati- 
graphical suoce^on, if known, will reveal amount of displacement. Bore-holes are useful. 
Models assist, and are sometimes superior to projections on paper. If there be no evidence 
to contrary, ^e assumption that fault is normal is justified, because most faults are such. 
Nevertheless, experience shows that a reverse fault occasionally appears in a series of 
normal faults, that shift faults may occur, and that fault movement may be rotational 
(normal at one extreme of fault plane, reverse at other). On encountering a fault, a 
mathematical solution is attractive, but, despite many text-book discussions, the necessary 
data are seldom obtainable. Attention should be concentrated on the fault plane and the 
movement along it (14). The dislocated portion of a tabular body is to be sought, pre¬ 
senting a broad surface, if rightly attacked. As a rule, it is easier to drift horizontally, 
than to sink or raise; the procedure is largely determined by the way the vein or bed lies. 

Assume a series of stratified rocks, the succession and thickness of which are known by 
previous mi ning operations, by study of the surface, or by borings. If a bed on far side 
of fault is recognizable, and its place in the series known, the direction and amount of 
movement may be determined. As gulches often occur on faults, because of easy erosion 
of crushed rock, faults may sometimes be solved more readily by study of surface exposures 
than by observation solely underground. Directions of slickensides, drag, and trail, 
commonly found in faulted stratified rocks, are highly significant. If none of these evi¬ 
dences is decisive in dealing with a mineral deposit cut by a fault, there is strong probability 
that the fault is normal. On this assumption, if a fault be encountered on its under tide 
the rule is to cross it and sink; if on its upper tide, to cross it and raise. This is expressed 
in the old rule: “ follow the obttise angle." But, if the fault happens to be reverse, the 
rule would lead in wrong direction. 

In dealing with steeply dipping veins in massive rocks, or steeply dipping stratified 
rocks containing coal seams or other interstratified dei>otits, the succession of strata 
most be known to determine the movement. Then, solving tentatively as a normal faidt, 
due weighs must be given to throw and shift, as possible components of diagonal move¬ 
ment. .l^t-is, besides t)ie heave and throw of a normal fault, a large shift-component 
might j^se dispiacemeni opposite to that anticipated, instead of straight down the dip. 
The octtfmeence of sliokoniddes, trail, and drag may then be essential to correct solution. 

SmBBtimuma’s rale (15), for steep faults, cutting steeply dipping veins. SuppoM (Fig 9), 
in;driviac a level on vein so, striking N 80” W and dipping 60” W, a fault//is met, striking N 80” £1 
aitil upping 45” S. At intemetion o, draw ob perpendicular to strike of fault, and prolong it toward 
f, hesroiiid the fsidt. l^ojeot upon xriane of level the iateisection eg of fault and vtin. Line og is 
and passes obliquely through o,-intQ unexplored ground, toward h, on one side or other 
jsf el,'. Then, if exploratory drift on far side of fault be turned from oh toward of, and parallel to 
' Strike of fault, the diaplac^ segment xy of vtin will in moet oases be found. 

•The hcuisontal projection of is found as in araall diagram Fig 9. Draw horisontal line mn. 
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lay off HM^ad mb io rapnwat dipa et TaUi aad fault; draw m parpaiMlifnilar and ob patalld to nui. 
Than ob aad ab ar* tita diataaoea by wliicib, in doaoending a Ywtioid diatanoa «ao, tba pUaaa of vein 
aad fault dettart faoriaontaUy from vardoal. la amia pan of Fig 9. oa and ob are drawn rtapaetivaly 
parpaadioular to atrikea of vain and fault; and oe and da, paaaing through g, are parallel to thoaa 
■irllcoo. Wbenoa g liaa in the horiaoptal projection of intataaotion of vein and fault. 

la Fig 10 ia ahown a aimilar rdation of vain and fault, except that the vein liaa eaat aad explora¬ 
tory drift ahould turn eaat, aa ahown. Both aolutiona d^nd on aaaumption that the hanging vail 
of fault (» a| jta aouth wril) baa dipped with little abift down on ita foot w^. With aUrongiy diagonal 
movement the fault might arill be normal, but the aolution might lead miner ia wrong direction. 
Therefore check all rulea by trail, drag, aliokenaidea, etc. 




Fig 10. Zimmermann'a Solution of a Fault. 
Cooatruction aa in Fig 9, but Vein Dipa 
jEait, whence Exploratory Drift Turna 
Eaat 


The following additional terms apply to faults. In tilted, stratified rocks, faults 
striking parallel with the strata are stbiks-faums, often resulting when folds pass into 
faults. Faults running across strike and parallel with line of dip are dip-fauuts. Stbp- 
FAtri;rs are series of parallei faults, dipping in same direction. The hads is the 
made by a fault plane with a vertical plane; hence, hade is the complement of dip, and is a 
superfluous term. 


Various puscling oasec of faulting have become classio. Fig 11 shows a Cornish case, from de la 
Beebe; Fig 12, a case of two contrasted pegmatites in Sweden, observed by A. G. Hdgbom. Two 
parallel veins may be so faulted as to bring dislocated part of one opposite sundered end of another, 
and tempcnrarily conceal the existence of a fault. In a certain shift fault, cutting a vein at right 
angles to vein's strike, the amount of shift was ob¬ 


served to grow gradually less in depth, leading to 
inferenee of a HiNom-rAtiiiT, or poesibly a botational 
FAOI/r. 

Normal faults are often explained as due to ten¬ 
sion strains in earth’s crust, leading to drawing apart 
of the two sides of fault, and the slipping down of 
upper portion on lower; hence, they have been called 
tension or gravity faults. Reverse faults, by contrast, 
are called oompression or tbbust faults; they often 
begin aa overturned folds. If these stresses do pro¬ 



duce their respective faults, than reverse faults Fig ll. Two Veins, Fig 12. Two Vrina, 

should customarily have low dipa, since, on approach- with Converging with Convening 

ing the perpendicular, friction would increase pro- Normally Dips, Dropp^Be- 

hibitively. But, if tensional stress were relieved Faulted low_ thrir Inter- 

by a series of parallel faults, and one fault block Farit 

were to drop below its neighbors, there would be a • 

normal fault on one aide of dropped block and a reverse fault on the other. 

Compreesive strains along the strike can easily develop normal faults by downward brigs of 
hanging wail and upward brigs of foot. Where comparatively short faults die out at each end, this 
explanation has weight. Again, assuming that in depth rocks are capable of viscous flow and 
transfer, pressure tranamitt^ upward from such moving masses may cause faults from streasee 
wholly different from any previously mentioned. Where faults are inclined, fault blocks with the 
larger base would be relatively lifted, aa compared with those having smaller base. Foot-walls 
would therefore rise relatively, causing normal faults (6, 7, 8, 10). 


11. JOINTS, UNCONFORMITIES, OUTCROPS, EROSION 

lolntfl are cracks widoh cross strata and masses, without producing dislocation of walls. 
Notwithstanding absence of dislocation, there may be difficulty in discriminating between 
joints and distributed faults of sli^t displacement, which produce sheeted structure. 





3-16 
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All joiata am dus to aiM^ of aome kind of atrain: aa eontraationa in oo<4ioc of igoaoua mek, 
oatwnaioa of odd rook uimct tba aun'a beat, ahrinkaga from drying of water-aoakad aodiiMBta. 
tanaional atraina at eraata of anticlinaa or in ontar layera in bottoma of aynaliaea, and totaional > 
atreaaaa produeed over wide areaa by warping of earth’a eruat. Aa a reault roeka break into poly¬ 
gonal eolumna of greater or leea regularity. In jointa produced by contraction of igneoua magtnaa 
during conaoUdation, the long azea of the priama are theoretically perpendicular to cooUztg aurfaoe. 
If the magma be homogeneoua and tranefer of beat uniform, regular hexagonal eolumna rmult, 
parted alao acroaa their azee by cup-ehaped jointa. Oocaaionally, aa at Giant'a Cauaeway, theoret¬ 
ical perfection ia almoat attained; uaually, the eolumna are of aU numbera of aidea, from 3 to 8. 
Similar forma reault from drying. 

Strong heat of aun and weathering cauae maaaive rooka to ahell off in thin layera. Angular 
blocks produced by jointing may become rounded boulders. In granite quarries the sanxTiMO 
in great concentric ourvea, like a huge onion, hne probably been caused either by contraction atraina 
in cooling, or compression strains in earth’s crust. Cracks which yawn upward at crests oif anti¬ 
clines, and gape downward in troughs of aynclines, are common features of folds. In certain dia- 
triots of fiat sedimentary rocks (as in southern central New York), joints in two series, intersecting 
each other at nearly right angles (usually about 80°), run with remarkable regularity; probably 
due to torsional strains from warping. In areas of massive or metainorphic rocks, while a prineip^ 
series can be traced, other joints show no regularity. Observed strikes may be plotted over a wide 
area, aa Unea intersecting at a common center like a olook-fece, resulting in detection of prevailing 
atrikea. The predominant joint is called a mabtbb joint; the others, minor Joints. Joints are of 
great practical importance in quarrying and in mining. 

Unconformities. Tilted strata may subsequently be eroded, and buried under later 
sediments, with great discordance of dip; the lower strata being steeply inclined, the upper 
flat (Fig 13). A great time interval is thus indicated and an important break in the geo¬ 
logical record. Unconformities are the best bases for diAdsion of geological time. 

Practically flat strata may bo carved by erosion into gorges 
of narrow valleys; which, if again submerged, may be filled with 
new, flat sedimentc, showing no discordance of dip with older 
strata, but perhaps bringing sandstones sbaroly against limestones 
or other strata. This relation is a disconfobmity (Fig 14). 
Should the sea, because of gradual submergence of shore, creep 
gradually upward and bring younger fiat strata on top of much 
older ones, a sBbiMBNTABT ovbhlaf is formed. 

Outcrops are portions of solid rock m place, projecting 
at surface. By observations upon them questions are solved 
regarding structure and stratigraphic relations. Regions 
without outcrops must be explored by trenches, pits, or 
bore-holes; in northern latitudes glgcial drift is the chief 
obstacle; in southern, the products of rock weathering or 
decay. Heavy vegetation may increase difficulty. 


Fig 14. Disoonformity, Vert Sec. Older Sandstones Eroded, 
and Resulting Valley Filled with Conglomerate, with no Discor¬ 
dance of Dip 

Erosion, the wearing down of land and transfer of loose particles by water, wind, or 
ice, to places of deposition at lower altitudes, is in one sense destructive; in another, 
oonstructivo, for sedimentary rocks are thereby composed. 

Water eroiion by streams, waves, or currents along shore lines, is the most important. 
Matter carried in suspension facilitates wear of rock masses exposed to moving grit. Of 
the same substance, larger particles require swifter currents for their rmnoval than do the 
smaller, the surfaces of which are relatively greater compared to their masses. Small 
particles of hi^ specific gravity may require as great velocity of current as large partioles 
of low specific gravity As velocity decreases, sorting action takes place; the large and 
the heayyjtnall particles sink first, small particles remaining in suspension, though presence 
of soluvons of mineral salts or of .acids facilitates clearing of fresh water pmuhnons. The 
transpwting ability of a currvnt iucrmiaes with sixth power of veioedty. Thusi if a cur¬ 
rent can move a 1-in cube of quarts, by doubling its velocity it can move a 4-in cube, or 
64 cu in; because, twice as much water strikes the cube, with twice the velocity. 

Ceaspetesee of s streaia refen to the maximum aiee of partiele of riven ep gr wfaiob, at a riven 
, .Tliprity, the stream will move. Thus, a small, rapid stream can move a relatively large partide. 
m odmpetenee is great, but total traneported material will be email. Converaely, a luge, alow- 




Bon River Ordovician Sand- 
etone. Marking a Time 
Interval of nearly a Geol 
Period. Sandstonee were 
Deposited Flat, then Tilted, 
Eroded, and Covered by 
Limestones, which were at 
first Flat. Neu Rondout, 
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moving might oury in •uapeakion a great (tuantity of amall partides. Its oompetenee ia 

anMlt. btit ife eppaoity is great, Theee prinoiplee are important ia the development of piaeem; they 
* aleo underlie the wrtifioial ooaeentration of ores. 

Wavee on a ehore line batter oliffa, and with the ammunition provided by bouldem do great 
exeeution during etorma. la weeping acroee a aub^ng ahore they may ultimately level every 
eminence in their way. Off-ehore currents are vefaielea of tranapwt, building up bare, spits, etc. 
In oaaociatien with a^mentation by rivers, such currents wear away points and fill coastal bays. 

Winds are specially effective in desert regionr, the loose surface materials laching protection 
of vegetation. Small partieles aa dust are carried by milder winds; while by storms even gravel 
may be swept along. The march of sand dunes is one of the results. 

Olaeiers are powerful agents in carrying away loosened pieces from cliffs, and grinding amaller 
particloB from rocks on their sides and bottoms. Deposited products of glacial action are called 
iioBAXNns, with terminid, lateral, and ground moraines aa varieties. The material is rardy sorted, 
BO that very coarse and very fine are mingled. Unswted glacial depoeita are usually assodatod 
with others worked over by water. 


12. SUMMARY OF STRATIGRAPHIC GEOLOGY 

Definlta perioda of timo are aasignable for the fomiation of strata of earth's crust, and 
each period is characterised by presence of remains of distinctive organisms. During the 
19th century, geologists succeeded in classifying according to geological age nearly all 
strata of earth’s surface, however remote the region, provided propeiiy preserved orgimic 
remains or fossils were present. Strata without fossils, or so metamorphosed as to destroy 
their fossils, were either classified by their relations to determined strata, or else proved 
insoluble problems. Recognising the importance of uniformity of usage in time divisions 
and their corresponding strata, the International Geological Congress, Paris, 1900, adopted 


the following; 

Tran 

Stbata 

Tiun 

Stkata 

1. Era 

No equivalent 

4. Age 

Stage 

2. Period 

System 

6. Phase 

Zone 

3. Epoch 

Series 




This table signifies that, during a period, strata constituting a ssrstem were formed; 
during the shorter epoch, a series, and so on. A gystem may embrace several series, each 
of which has stages, in turn divisible into zones. In the geological mapping of a district 
it is customary to work primarily on basis of periods-systems, and then under each to 
apply a local, geographical name to any stratum sufficiently persistent and well defined 
to be recognisable over an extensive area. The following table summarises the generally 
accepted conclusions. For periods the older names are given, but it is now common to 
terminate periodic names in " ic thus. Carbonic for Carboniferous, etc. 


Eras 


Quaternary I 
or 1 
Peyehosoic i 


Tertiary 1 
or 1 
Cenoaoiel 


Mesoioio. 


{ 


Periods 


Erae 


Recent 

Pleiatoeene, or 
Glacial 


Paleosoic. 


( Pliocene 
Miocene 
Oligocene 
Eocene 


Cretaceous 
Comanchean . 
Jurassic 
Trioasic 


PrC'Cambrianl * 
or 1... 
Archean ^ J 


Perioda 


Permian 

Carboniferous 

Devonian 

Silurian 

Ordovician 

Cambrian 


Keweenawan 
Huronian 
Lauren tian 
.Keewatin 


Pre-Cambrian. Igneoua rocks and metamorphic sedimenta predominate; including gneiaaea, 
aebiste, quartsitee, alatee, and marbles, with aasoeiated deep-seated and volcanic igneoua rocto. 
In North America the most extensive expoauzea are in Cana«la, constituting a vaat V-ehaped area, 
with Hudson’s Bay in the opening and the point at the Great Lakes. Underlying the entire con¬ 
tinent, they also appear ia backbones of the Appalachian and Rooky Mountains, and occasion^y 
project elsawhwe in 'unsll patchea. Though abnost devoid of fossil remains, sponges, aigte. and 
trails of moving organisou have in recent years been diseovered in the Huronian, in Lake Superior 
region and Montana. Pre-Cambrian strata are very iwoductive of metala, especially iron. Knn- 
WJtTtit greenstones contsto the gold veins af Porcupine, some of the Cobalt silver veins, and iron an 
at Vermilion Range, Mina. LamnuTtAN consiets of intrusive igneous rooks, poor in ore deposits. 
HtmoiiiAM embraces a great aeries of metamorphosed sediments, with some igneous rocks, and 
rields tiie chief American iron ores in the Lake regiea. It has also moat of the silver veins at 
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Cobalt, Oat. KawaaKAiRui u largdy a auceeaaioa of baaaltio rooln and aiiaor aadiioMit*: it 
ooataiaa the eopper atiaea of Keweenaw Poiat, Mioh. 

Pldaesoic. Arouad tha edges of pi«>CambriaB anas an the earliest Pateoaeia atmta (oalsaa 4 
from overlap later ones have onpt inward over the earlier},. The euooeasive strata of the d peri<^ 
an often marked off by uneonformitiee, upturned by disturbanoes, aad are sometintes "»«—*"g in 
iaihvidual oases, where laud oonditions prevailed. In North Amerioa they an in greatest devehq>> 
meat in the U S, east of the Mississippi, and in states just west of it. In ^e Cordillsian re^n the 
ama an smaller and scattered. Ibe Clinton iron ores appear in the east in the &i,tnuN; the 
eastern ooal supply comes from the CABBONirnsocs; the eastern oil and gas an mainly in the 
OnnoviciAN, Devonian, and CABBONirEaona. 

Mesozoic stnta an chief components of western half of North America; an of vast develop¬ 
ment in the Great Plains, the Cordillers, and Mexico. The western coals are chiefly in CmsTAoaous 
stnta, but appear also in Eocene beds of next era. The mountain upheavals at close of CiunA- 
eaotrs, with' attendant igneous outbreaks, are largely reponsible for the western on deposito. 

Cenozoic strata appear in the east in a coastal fringe. In the west they are represented by 
old land or lake deposits in the Great Plains, and marine strata along the Pacific. Because cf the 
great development of mammals, the fossil remains are of great interest, especially in their bearings 
on doctrine of evolution. - 

Quaternary (sometimes called PsTCHOzoicjis the era of man's especial development. It is marked 
by the continental ice sheet in its early portion in the north; in the south, by pr^uots of weathering 
and recent sediments. The strata of the dosing Oulciai, or Peeibtocbne (Pleistooene is term 
sspedally used for regions sou h of glacial drift) pass gradually into coastal deposits now forming. 

Note.—For full discussion of eras and periods, see Bibliog, numbers 17 to 22. 


MINERAL DEPOSITS: ORES 

18. INTRODUCTION, DEFINITIONS OF ORE 

Mineral deposits include both ores and non-metallic minerals. In earlier years the 
metals were chiefly mined, but in recent time non-metallic minerals have greatly increased 
in relative importance. Metalliferous minerals only are included under the head of “ore 
deposits,” non-metallicB being treated separately. 

Sdentifieally, the word “ore” comprehends all metal-bearing minerals which are com¬ 
mercial sources of the metals, percentages not being considered. Technically, an ore is a 
metal-bearing mineral, or aggregate of such minerals, mixed with barren matter, called 
“ gangue,” and capable of being mined at a profit. By contrast, where the element of 
profit is uncertain or impossible, the term “ mineral deposit ” may be used instead of “ ore 
deposit.” Thus, pay ore or commercial ore is contrasted with an orebody of uncertain 
yield. The richer part of an ore deposit is the “pay-streak” or “ore-shoot;” veiy rich 
parts, “bonanzas.” The phrase “the ores” is sometimes emploj^ by students of the 
microscopic (haraoters of igneous rocks, to designate the group of minute minerals which 
first crystallize in the cooling of a molten magma. Magnetite is its most conspicuous 
member (25). 


14. METALS IN THE EARTH’S CRUST 

Ore depositB are portions of earth’s crust enormouriy enriched with metals as compared 
with the rest. On basis of composition of the crust given in Sec 1, Art 1 (fuller details in 
Buff 491, U S Geol Surv, pp 27, 33), it is seen that among percentages down to a minimum 
of 0.03, a few common metals are named, vie: aluminum, 7.28; iron, 4.12; manganese, 
0.Q8. In igneous rocks, considered alone, nickel, 0.023, and chromium, 0.033, are also 
found. Coppw may reach 0.01%, but all others, lead, zinc, sUver, gold, quickmlver, tin, 
etc, are expressed in vety small decimals of 1%. An ore deposit, therefore, is a relative 
enonnous local concentration of metals, from a minimum of 4 times for low-grade aluminum 
ores, 7 times for low-grade iron ores, 200 times for low-grade copper ores, to a concen¬ 
tration which, for the other metals, may reach thousands or hundred of thousfmds. Ore 
depoats are largely produced by concentration by circulating waters m earth’s crust. 

16. CAVITIES IN ROCKS; GROUND-WATERS 

Cavities in rocks. From the'^nt of view of physicB, the smallest cavities are those 
below capillaries, i e, below tubes 0.0002 mm diam, or tabular spaces 0.0001 mm aerow. 
In these, under ordinary conditions, adhesimi prevents circulation. Capillaries range 
from the above dimenrions to 0.6 mm for tubes and 0.25 mm for tabular spaces. In rooks 
these Email eavities, oaHed voids, appear as surviving and unfilled pores of crystals, contact 
spaces between minerals or grains, and deavage eraoks. They are express^ in tentlw of 



MINERALS AND LOCALIZATION OF ORE DEPOSITS 2-19 

1% of vidtame in dense tocJu, up to 10% or more in porous eaadstones. Cavities of 
larser ibe tai found in pumice, amygdaloid, j<^ted rooka, faults, and caves. 

OfOtind''«ttef«, ot waters whidb are below the eartb's surface, are of 3 kinds: meteorie. 
oonnate, and msgi^tie. MarBOnio water descends as rain and snow, in part soaking 
^to tbe ground, and forming the standing body of water which requires pu m pi ng in mines, 
ete. CoNKAvn water is contained in sediments deposited beneath sea or lakes, having 
been cairied down with the sedimnits as they were buried bweath later strata. MA<nCAno 
water is set free in the cooling and consolidation of molten masses of igneous rock, beocsn- 
isg manifest at volcanic vents and presumably in hot springs, which nearly always aocom^ 
pany expiring vuleanism. 

Formerly, in diaeuninc the formation of orebodiee by underground circulation, only meteoric 
waters were eonaidered. They were believed to descend to the general Umii of cavitiea, to migrate 
extensively through email eavitiee in rocks; and, when heated from below and charged with ore 
and gangue, to return by larger ohannds towards the surface, fmming veins and other orebodiss. 
Connate waters were recognised in brines, often pumped to surface for salt. But, as experience in 
deep mines proved that meteorie water is almost always limited to the upper sons of about 1 000 ft, 
geologiats have attributed more and more importance to magmatic waters to which the primary 
introduction of on and gangue can be referr^ with fewer diiSoultiee. This view is strengthened 
by the common association of ore deposits with intrusive igneous rooks, by study of contact sonee 
and pegmatites, and by observations.upon vdoanio emissions. Apparently, magmatic watare or 
vapors or gases emerge from the igneous mass charged with the components of ores and gangue; 
but in subsequent circulation, they make take up more minerals, and bring all to a place of preeipi- 
tation. The heat of an intrusive, igneous mass is a powerful agent in promoting underground 
circulations. It is more efficient than the normal increase of temperature with depth, or than 
natural head from high points of entrance and low points of emergence, the friction of small passagea 
being considered (;29). 

16. MINERALS AND LOCALIZATION OF ORE DEPOSITS 

Ore minerels are primary and secondary. The primabt are those originally deposited 
in forming an oreboc^; the beconpabt are produced by alteration of primary minerals 
under certain conditions. Except aluminum, iron, manganese, chromium, platinum and 
tin, all primary ore minerals are sulphides, arsenides, sulpharsenides, sulphantimonides, 
or similar compounds. Sulphides are of cUef importance. Though secondary minerals 
are largdy oxidized compounds, they also comprise a few very important sulphides. 

The importance of the distinction lies in the following relations to the surface. Oround-watera 
stand at varying depths, depending on local rainfall, rock texture and local geological structure. 
Between ground-water level and the surface, is a zone called by Posepny the vadoae zone, by Van 
Hiae the zone of weathering, through which the oxidising and dissolving rain waters freely descend. 
Within this vertical range, sulphides become oxidised to sulphates, and pass extensively into solu¬ 
tion. Migrating downward, the solutions merge into the standing and protecting ground-waters, 
and often precipitate their disaolved metals in a zone of bbcondabt BNBicaiiaNT, at or near ground- 
water levri. The reaction is eepeciaUy important in copper mines. 

Gangue minerals comprise quarts, caldte, fluorite, barite, rhodochrosite, rhodonite, 
and admixed minerals of the country ri>ck. Decomposition or alteration under influence 
of thermal waters gives rise to much sericite, kaolinite, and related species. 

Localization of ore deposits. Ore deposito resulting from processes outlined above are developed 
where droulating mineral-bearing eolutione find favorable places to precipitate their contents. 
One method of classification is to arrange in a logical scheme the favorable geological plaom for this 
reaetion. For the formation of some kinds of ore deposit, howevef, circulating solutions are not 
required. Orea may crystallize directly from molten magmaa, and, either by sinking in the fluid 
mass because of hi^er apecifio gravity, or for some reason i)ot well understood, may enrich the 
rook mass to the requirements of mining. Again, and in contrast with the reactions above indicated, 
moving waters in streama, or by wave action, may liberate and concentrate heavy minerala in 
sedimentary deposits, to the point of profitable mining. Again, in residual deposits, heavy and 
reristant minerals may be left behind in a eonoentrated condition by removal of produots of 
weathering. In a few easee, chiefly iron ores, the prooeasee of sedimentation, or aesooiated precipi¬ 
tation, have given rise to bedded ore deposits. Experience shows, therefore, that it is ffiffieult 
eonustently to classify orebodiee on any one of these subordinate principles. But, as oompared 
with old-time schemes, hosed on shape, the broad principle of modb op orioin hoe broome increas¬ 
ing important, in the following classifioation, the endeavor has been to paae from igneous 
phenomena, pure and simple, to surface reactions not connected with igneous phenomena, empho' 
rising eepeci^y the puacb when, orebodiee originate. 

Zonal distrflratiott. Closer studymf mining regions in the Cmdilleran region of North America 
leads to fclUowing conduriotM: (a) Ore deposition follows intruriona of igneous rooks, most fre¬ 
quently tboee related to granites or speoiee intermediate between granites and dioritee (aa, grano- 
dicrites and quarta-monsonitea). The ores are produote of the oooliug stagee, precipitated in Urgeet 
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part from mRgmRtic watcra (SOy. i,h) Ore and gangue roinerala are dietrfbuted otttanrAjr frmn the 
igneous center, in a series beginning with those requiring high temperattirea and high itfesauros 
for their formation, and passing through varieties precipitated under thminiabing temp and .press 
until surface conditions are reached (81). Some persistent minerab, as pyrite,.have a wide range 
of conditions. <e) It results that around an igneous source, both vertically and laterally, when the' 
original magma produced several metals, cones characteristically containing certain ores may be 
recognised. In the igneous intrusive may be magmatic segregations (Art 17). Negt eome pegmatie 
diices and contact cones; then, gold-bearing quarts veins related to pegmatites, dike-velnS; then 
copper-bearing pyritc-quartc veins, passing into sine-blende bearing phaaes in which sine replMes 
oopp«, while pyrite persistc. Farther out, galena replaces sino-blende, and yields in succession 
to high-grade '•ilver ores, gold teUurides, antimony ores, and others. Finally, gangue minerals 
slone survive (32). This principle is called the sonal distribution of metals, and in many districts 
has proved of great value as a guide to mine development. 


17. CLASSIFICATION OF ORE DEPOSITS (37) 

l. Primary magmatic origin. 

(o) Masses produced by crystallisation and segregation in cooling and solidifying igneous 
magmas; titaniferous and non-titaniferous magnetites, chromite, corundum, platinum, and prob¬ 
ably sulphides of iron, nickel, and copper. A few dikes and sheets of igneous magnetite are known. 

n. Deposited by emissions'from cooling and solidifying magmaa. 

(b) Veins of nature of pegmatites, varying from the mineralogy of granite to fairly pure quarts; 
often with tourmaline, fluorite and minerals containing boron or fluorine; productive of tin, rare 
elements, and exceptionally gold, and intermediate in nature between dikes and veins; sometimes 
described as aqueo-^gneous. (r) Contact deposits, produced from limestones by emissions from 
adjoining igneous magma, and consisting of lime-silicates, as: garnet, diopside, wollastonite, vesuvi- 
anite, epidote; also, magnetite, specular hematite, sulphides of iron, copper, and other metals. 

m. Deposited by drculeting ground-'weters. 

(d) Deposits in or along faults, with replacement and impregnation of the walla; often called 
“true Assure" veins. They vary from the filling of an open and clean-cut fissure, to impregnation 
and replacement of closely spaced faults of small individual ihsplacement. (e) Saddle-reefs: 
preeipitations of quarts or other minerals, at crest and betvreen layers of an anticline, and extending 
with diminishing thickness for varying but usually moderate distances down its flanks. Inverted 
saddles appear in synclines. Apparently arching of the strata has aided precipitation. (/) Deposits 
in joints with greater or less replacement and impregnation of the walls; often called "gash veins,” 
because limited to a single stratum or sheet. (;;) Impregnations of volcanic agglomerates in the 
conduits of extinct explosive volcanoes. (A) Impregnations with greater or less replacement of 
permeable rocks, as; amygdaloids, volcanic tuffs and breccias, open-textured sandstones and 
conglomerates, autoeiastics, etc. Supply conduit may be obscure, (t) Replacements of lime¬ 
stones, calcareous shales or other beds, which have yielded to circulating ground-waters. Supply 
conduit may be obscure. 

IV. Deposited or conceatrsted by aid of sarfece waters. 

(» Surface precipitations, which may later be involved in stratified seriee. Bog iron ores, 
(k) Renstant or insoluble miueralgi concentrated as a residuum by weathering and removal of the 
matrix. Residual deposits; Cuban brown hematites. . (() Placers or ooncentrationa of heavy 
minerals in sands and gravels by action of moving water. Gold placers; stream tin. 


18. IRON ORES 

Four wiinav aia aro chiofly productive of iron: iimonite (brown hematite, brown ore) 
2 FeiO}*3 HsO, Fe 59.8%; siderite (carbonate, spathic ore) FeCOi, Fe 48.3%; hematite 
(red and specular) FeaOi, Fe 70.0%; magnetite (magnetic ore) FeO-FesOt, Fe 72.4%. 

Assodated with Iimonite, but less common, are othw ferric hydrates, as: tursite (2 FsiOs'HtO): 
goethits (FejOi'HtO). Hydrated silicates may also occur, as: chamoisite (hydrated ferrous 
aluminum silicate); thuriugite (hydrated ferrous or ferric aluminum ailieats); greenalite (hydrated 
ferrous silicate). Siderite may have its iron partly replaced by magnesium and oaldum. With 
brown hemaiUtm, manganese minerals ars not uncommon. Pyrite (FeSs) may appear with all the 
ores, and, when largely freed of its sulphur, may yield a residue passible of utilisatioii for poor 
grades of iron. Pyrrbotite (Fe;Bf) ip frequent with magnetites, llmenite (PeO'TiOs) is mechani¬ 
cally mingled with many magnetites. Objectionable ingredients of iron ores are S and P; definite 
Kwtiia of these for merobantsble grades of 'ore are variable, due to poesible admixtures in furnace 
practice; in general, the leea the better. In okes for acid beensmer pig, permissible phosphorus max 
is 0.001 part of the percentage of iron. Roughly, therefore, about 0.06% is max with tirheat ores. 

Magnetites and speeular hematites are the richest iron ores. In Amsrion lump magnetite ores 
have in the past exceeded 66% iron, but today praotiesHy- only magnetically concentrated ore 
rentes this flgtM, Kiruna, Swedish Lapland, however, ena furnisb n great ^nnage of this grade. 
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wen to Ameifieut furauee. ATorage of nil iron ore mined in the U S in 1935 mu not for from 50% 
iron. The gra^ will doubUeM gradually deoline. Alabama Clinton red hematitea run 35 to 37%. 
Some crude ore ie even lower. The principal local eupply of continental Europe, from the minette 
oree, ayeragei about 30%. The nearnen of good fuels, markets, mixtures, etc, determine limiting 
peroentagee. 

In the U S about four-fifths of the ore eomes from Lake Superior region. Next in order are the 
red hematites of Alahama and Tennessee, the brown hemaUtee and the magnetites of Appalachian 
belt. Individual mines in Wyoming, Colorado, and New Mexico have fed the iron and steel plant 
at Pueblo, Colo. Magnetites will be produced in time on the Pacafio coast for a future industry to 
be located presumably in the Puget Sound region. 

Lake Superior iron dietricts. In order of productiveness in the Lake Superior region 
are Minnesota, Michigan, and Wisconsin. Ontario has one productive range, and possi- 
tality of developing others. The ores of this region are all in pre-Cambrian strata: 

Keweenawan: sandstones, basalt flows. Copper. Huronian. Upper, Middle and Lower: 
sedimentary and some igneous rocks. Iron ores in the sediments. Laurentian; granites. Keewatin: 
green schists, from ancient basio eruptivea. Some sediments with iron ores. 

As now mined the ores ore chiefly soft, partially hydrated hematites, their percentage 
of water not reaching that of limonite. They have been produced by alteration of great 
beds of cherty carbonates of iron, of hydrat^ ferrous siUcate, and of associated pyrite, 
under the general processes of weathering. Soft earthy masses of ore have thus resulted; 
of enormous volume, accessible, cheaply mined, and of relative purity as regards phos¬ 
phorus and sulphur. They occupy synclinal baains, troughs produced by intersection of 
igneous dikes with each other or with impervious strata, or other minor places wherd 
circulating and oxidising meteoric ground-waters have been temporarily obstructed in 
their flow. Besides soft ores there are lenticular bodies of bard specular hematite, pnv* 
duced by motamorphism of ancient soft-ore bodies; also great bodies of jaspery or siliceous 
iron-bearing strata, of 35% and above in iron, which, partly as concentrating ore, partly 
as low-grade lump ores, with the gradual exhaustion of better grades, will be available for 
a long time to come. The grade is well above that of present European ores. These ores 
originally formed beds precipitated at surface (Art 17, IV', j). They became bured in a 
Btratiflod series, and afterward by weathering yielded residual deposits (Art 17, lY, k), some 
of which extend to great depths and are cases of secondary enrichment. Some have been 
metamorphosed to specular hematite, and even magnetite.. In northeastern Minnesota 
gabbros occur with igneous titaniferous magnetites, not yet shown to be valuable 
(Art 17, I, a) (38). 

Clinton red hematitea are next in productiveness. They appear as beds of 
oolitic, often foseiliferous ore, associated with olive-grcen shales and subordinate lime¬ 
stones of the Clinton stage, at base of Silurian system. They outcrop in S E Wisconsin, 
western Ohio, central Kentucky, western New York, south of Lake Ontario, and farther 
east at town of Clinton (whence their name); in Pennsylvania, Virginia, eastern Tennessee, 
Georgia, and Alabama. Their greatest development is in Alabama, where they form an 
inner terrace, called Red Mountain, in the Birmingham anticlinal valley. Good coking 
coals and limestone are near, so that low-cost pig can be produced even from 35 and 40% 
ores. At outcrops the ores are siliceous; below ground-water level, they become baric. 
All are moderately high in phosphorus. They are probably oolitic beds, precipitated in 
shallow estuaries, fed by iron-bearing drainage (C. H. Smyth). Although utilised in 
Tennessee and Georgia, they are most important in Alabama. In time those in New York, 
Kentucky and Wisconsin are destined to be of greater moment than now. 

Brown hematites ("brown ores") of the U 8 are produced chiefly along that portion of the 
Appalachian mountains formed by early Paleosric strata, and just west of the earlier orystallines. 
They ore products of weathering of ferruginous rocks, especially limestones. In almost all the 
mines they must be freed of oebers and clays by washing. 

Magnetites occur in two chief types of deposits. The commoner is a lenticular or 
pod-shaped mass, in gneisses, parallel with the foliation. They appear widely in the 
ancient Appalachian crystallines, but are most productive in the Adirondacks. The 
second type appears in the contact sones (Art 17, II, c), produced by intrusive igneous rocks 
on limestones or lim^ shales. The greatest deposit of this type in the East is at Cornwall, 
Penn. The igneous rrck is diabase uid the limestone, Cambro-Ordovician. In tne West 
many such deposits are known, in Utah (Iron Springs Diet), Nevada, Califomia, and 
along the northwest coast. 

la Europe, Germany, England, and France follow the U S in order of production of iron ores, 
the greatest single source being found in a series of Jurassic beds in and near Luxemburg, and in the 
northeast England. The ores (called "minette")_are of 30% or a little higher, and are brown. 
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hamfttitoB, oarbonatea, andvarioua ailioataa. Minor orebodiaa are in vcina, 'of aarbonatea, and in 
beda o< etay iron-atona and black-band. Spain ahipa from Bilbao great quantiUea of partial^ 
hydrated hematite, the weathered product of apathio orea in depth. Sweden ia a heavy nsporter 
of magnetitee, eapeoially from the igneoua aheet of magnetite at Kiruna, Lapland. Many lanticolar 
magnetitea have been WOTked in middle Sweden. Great bodies of igneoua magnetitee enat in the 
Uri^. Algiera ships important amounts of red, partly hydrated hematitea. 

Large orebodiea have recently been develop^ in N £ Cuba, where ancient aerpentinea have 
weathwed for ages, leaving a residual soil, rich enough in iron to form ore. Great reaervae of specular 
hematite, of ancient geological age, occur in eastern Brasil, state of Minas Oeraas. With the opening 
of the Panama canal, iron ores reached American furnaces from Chile. In S E Newfoundland, at 
Wabana, extensive beds of red hematite have been developed in recent years (39). 


19. COPPER ORES 


The lainerala in Table 4 constitute the conunon ores of copper: 


Table 4. Copper Ores 


Sulphidea 

Chaloopyrite, 

CuFeS 2 (Cu*S-FejS,). 

Bornite, CusFeSs(2 Cu^'FejSa). 

Covellite, CuS. 

Cbalcocite, CusS. 

Svlphartenides and Sulphantimonides 

Enargite, CujAaSiCS CujS • AajSs). 

Tetrahedirite, 

CutSb 2 S 7(4 CugS -SbiSj). 

Cxidet 

Melsconite, CuO. 

Cuprite, CuaO. 


%Cu 

Sulphtttu 

% Cu 


Chaloontfaite, CuS 04 > 5 H }0 . 

25.38 

34.60 

55 ^ 50 

Brochaatite, Cu 4 (OH)aS 64 . 

56.10 

66.48 

Carbonate* 


79.80 

Malachite, CuCOj-Cu(OH)j. 

57.27 


Azurite, 2 CuCOi-Cu( 6 H)i. 

55.10 

46.40 

Silicate 



Chrysocolla, CuSiOs'2HaO. 

36.00 

52.06 

Oxychloride 



Atacamite, CujC 1 -(OH )3 . 

59.29 

78.86 

Native Metal 


86.80 

Native copper, Cu. 

100.00 


The distinction between primary and secondary minerals is more important with 
copper than with any other metai. Some copper minerals appear in both groups. Pbi- 
mary: chalcopyritc, bornite, chalcocite, enargite, tetrahedrite (some native copper in 
Lake Superior mines). Sbcondaby: chalcocite, covellite, melaconitc, cuprite, chalcan- 
thite, brochantite, malachite, azuritc, chrysocolla, atacamite, and native copper. Possibly 
chaloopyrite and bomite are secondary in some case.s. As a i>rimary mineral lean copper- 
bearing pyrite is very important, cspeciplly in intrusive rocks. When oxidized by meteoric 
waters in the vadose zone (belt of weathering), all copper-bearing sulphides yield some 
form of sulphate. Tliis soluble salt, in deposits in siliceous rocks, trickles downward 
until, in contact with some reducing agent, like pyrite, the copper is precipitated as chal¬ 
cocite. This causes groat concentration of copper, at or near ground-water level, termed 
BBooNDART BNRiCHMENT. From bodies of copper-bearing sulphides, in regions of abun¬ 
dant rainfall, as at Ducktown, Tenn, an upper zone or qossan of brown hematite results, 
which may form an iron ore. Below this, near ground-water level, a belt of rich chalcocite 
(black ore) appears, containing most of the copper once distributed throughout upper part 
of deposit. Still lower arc unaltered, primary sulphides. In a comparatively arid region, 
when copper-bearing sulphides, usually in form of cupriferous pyrite, are disseminated in 
intrusive igneous rocks, or quartzites, or schists (which may be crushed or rendered open- 
textured along a zone of movement), descending waters of the vadose zone develop an 
upper leached belt, underlain by a chalcocite-bearing section of maximum richness; and 
below this is a belt of slight secondary enrichment. Thus have originated the disseminated 
copper ores, now being extensively mined in the southwest. If oxidizing reactions occur 
in open-textured tuffs, or contact lime silicates, chrysocolla often results, instead of dial- 
oodto; if in presenc'- cS limestone, the blue and green carbonates and cuprite are 
characteristic products. In North America most of the copper produced cornea from 
chalcocite. The region of Northern Rhodesia, with adjac^t portions of Katanga, con¬ 
tains the largest copper-bearing area known. 

Examples of copper deposits (letters in parentheses refer to Qassiilcation, Art 17). 

A. Bodies of copper-besriog sulphides, chiefly chalcopyrite or lean, copper-bearing 
pyrite in igneous rocks (a). Chalcopyrite may be associated with a nickel-bearing sul¬ 
phide, pentlandite, and with pyrrhotite, in b^c iotrusives (Sudbury, Ontario). Lean 
copper-bearing pyrite of igneous intrusive masses, usually monsonites, requires secondary 
enrichment for profitable operation (Bingham Canyon, Utah, and xrear Ely, Nevada). 
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B. trrasalar inaise* copper<4>«uiag sulpfaidM in contact cones (c) and aasoeiated 
with lime siUeateB. Secondary enrichment, incident to oxidation, may be necessary to 
increase percentage to mining requirements. Various minor forms of deposit may be 
associated. Bisbee and Morenci, Aria, are best illustrations. 

C. Veins along faults, with greater or less replacement and impregnation of the walls 
(d), as at Butte, Mont, where waUs are granite. InnumeraUe other veins are known 
in all parts of world. 

D. Lenticular or pod-shaped bodies of pyrite or pyrrhotite, with chaicopyrite (usually 
of later introduction). The lenses favor schists or slates, and lie parallel with the foliation. 
These rocks may be sheared eruptives, or may be sediments (Ducktown, Tenn, and 
many orebodies along Appalachians). Other examples appear in foot-hills of Sierra 
Nevadas, Cal. Bio Tinto, Spain, is one of the largest bodies yet discovered. 

These orebodies were probably originally veins (d) parallel to structural planes of waU-rooks, 
and subsequently pinched into lenses by pressure. The type calied '‘Kieslager" may be of sedi- 
mmitary origin, m introduced as veins and pinched by pressure. Some have been considered 
igneous intrusives, as at Sulitelma, Norway, and BodeOmais, Bavaria. 

E. Native copper in nodules, sheets, minute scides, and sometimes large branching 
masses, in amygdaloidal basalts, and associated conglomerates (h). Keweenaw Point, 
Michigan, is chief example. Introduction of the copper is a disputed subject, whether a 
product of expiring igneous activity, or of circulating meteoric and connate waters. 

F. Impregnations of sedimentary rocks with sulphides or their oxidised products, 
often deposited on organic remains (h). Mansfeld, Germany, is best known example, 
where a black shale, with abundant organic remains, is impregnated with copper minerals 
for a width less than 1 ft, but over a great area. It is uncertain whether the copper was 
precipitated from Permian sea-water along with the sediments, or introduced by circulat¬ 
ing ground-waters long after sediments were deposited. Tricissic strata of the U S have 
many copper impregnations, mostly small. 

The percentage of copper for successful mining depends on widely varying conditions. Native 
copper rock, on Keweenaw Point, Mich, yielding only 0.05% (13 lb per ton), has been treated 
successfully. The disseminated clmlcocite of Bingham Canyon, Utah, has yielded average assays 
over 3 months’ periods as low as 1%, with approx a seven-eighths recovery. Raw smelting ores, 
of slightly above 2% and with little aid from precious metals, have been worked at Ducktown, 
Tenn. In early days in western U S, ores of 10 to 20% were frequent in oxidised and eniicbed parts 
of deposits. Vast quantities of 10% ore are now reported from S £ Congo State, Central Aftien. 
To be valuable, all low-grade deposits must be of great size (40). 


20. LEAD AND ZINC ORES 

Lead. Following minerals constitute the common ores of lead: galena, PbS, 86.6% 
lead; anglcsite, PbSO^, 68.3%; cerussitc, PbCOs, 77.5%; pyromorphite, 3 (PbO*P*0*) 
PbCb, 76.2% (much rarer than the others). Other compounds sometimes appear in 
small amount, as wulfenite, crocoite and vanadinite. 

Galena is the chief primary lead ore, of which others are oxidation products. It is 
frequently associated with zinc blende and pyrite. All lead ores are commoner in lime¬ 
stones than with other wall rocks. Many lead ores carry silver in commercial amounts, 
especially in regions characteristically productive of precious metals. Gold is a rarer 
associate. The oxidized product of galena is oftener cerussite than anglesite. All oxi¬ 
dized ores are mingled with limonite in varying degree, and wi^i silica and earthy minerals 
from alteration of wall rocks. Ijcad and zinc can l>est be discussed together. 

Zinc. Following minerals constitute the common ores of zinc: sphalerite or sine 
blende, ZnS, 67% zinc, hemimorphite (calamine), 2 ZnO’HsO'SiOx, 54.2%; smithsonite, 
ZnCOs, 52.1%; willemite, 2 ZnO-SiOs, 58.6%; zincite, ZnO, 80.3%; franklinite, 
(Fe,Mn,Zn)0(Fe,Mn)xOt, variable, about 6.0%. Willemite, zincite and franklinite, 
exceptional in their occurrence in northern New Jersey, form a group by themselves. 

Zino blende ii the aimuet universal primary miner'll; calamine and smithsonite are its oxidation 
produote. The latter two are often inseparably mixed, and together are known as "galmei” in 
Europe. "Dry-bone” is a local name in Mississippi Valley, the oxidation products suggesting 
old bones. (The Bignifi.3anjce of the names calamine and smithsonite in England is the exact reverse 
of the American meaning, amithsomte being used for the hydrated silicate.) The oxidized com¬ 
pounds are characteristic of the vadose zone. They may coat bedrock beneath a cap of residual 
products. The deposits are summarized from thcMe with lead alone to those with tine alone. 
Intimate mixtures of both ores afford one of the great metallurgical problems today. Neither 
lead nor sine deposits have been found in immediate association with igneous rocks, such that a 
direct igneous origin could be escribed to tnem. They reach their places of precipitation in solution. 
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Examples at lead and zinc deposits. (Letters in parentheses refer to Art 17.) 

A. IMsseminated and sometimes coalescing deposits of galena with associated sul¬ 
phides, in sedimentary strata. The galena impregnates the older sediment; believed to 
have been introduced in solution, and to have replaced preexisting minerals; source is 
conjectural (h and t). In S E Missouri, the chief American source of lead for lead alone, 
Cambrian limestones are impregnated. 

Near Laurium, Greece, galena replaces limestones involved with mica schists. At Leadville, 
Colo, Carboniferotis limestone has been replaced with silver-bearing galena, pjnrite, manganese 
compounds and sometimes sine blende, along under sides of sills of rhyolits-porphyry ("white 
porphyry"). Extensive oxidation developed carbonate ores for the early miners. Galena may 
yield to sine blende in amount. In Belgium, Luxemburg, and near Aix-la-Chappelle. huge amounta 
of subordiiwte lead ores have been mined in Devonian and Carboniferous limestone along great 
faults. Zinc blende was doubtless the original {nineral. In Silesia the sine and lead ores are in 
Triassio limestones. 

At Coinmern, Germany, knots of galena are disseminated in Triassie sandstone. In Coeur 
d'Alene district, Idaho, silver-bearing galena, with siderite, appears in great bodies in pre-Cambrian 
quart:;.ite, along or near extensive faults. Zinc blende has been met in aome mines; copper ores in a 
few others. Siderit« seems to have first replaced the quartzite, and then yielded to galena. The 
reaction is much the same as with original limestones. 

In B W Missouri zinc blonde and subordinate galena impregnate breccias of chert, 
interbedded in Lower Carboniferous limestones. 

B. Galena, zinc blende and associated sulphides in joints ('* gash veins ”) and related 
cavities (/). In B W Wisconsin and neighboring states of Upper Mississippi Valley the 
Ordovician “ Galena ” limestone has numerous vertical gash veins, with horizontal" runs " 
and inclined " pitches," containing galena, zinc blende, marcasite, and calcite. 

C. Galena and zinc blende in fissure veins, often together, often separate, usually 
with other sulphides (d). Precious metals are frequently associated. Such deposits are 
world-wide, and in ail kinds of wall-rocks. 

D. Lenticular deposits containing willemite, franklinite, subordinate zincite and many 
lime silicates, are folded in pitching s^melinni troughs in pre-Cambrian limestones. It is 
difficult to classify these deposits. Their zinc-bearing minerals are unique. The 
mineralogy suggests contact zones (c), but the actual metamorphosing igneous rock is 
not apparent. 


21. SILVER AND GOLD ORES 

Though deposits are known containing either gold or silver alone, these metals are 
generally associated and must be discussed together. Both are extensively obtained in 
connection with copper and lead. Lead ores are often called '* w’et ores," because metallic 
lead, freed in smelting, acts as a solvent for the precious metals, the distinctive ores of 
which arc called " dry ores.” Zinc desilverization for base bullion, electrolytic refining 
for copper, and the substitution of cyanidation for amalgamation, have greatly facilitated 
treatment of silver and gold ores. 

Silver-bearing minerals: argentite (“silver glance"), AgzS, 87.1% silver; hesaite, 
AgjFe, 62.8%; proustite (“light ruby ore"), AgaStAs or 3 AgjS'AsaSa, 65.5%; 
pyrargyrite (“dark ruby ore"), AgaSaSb, or 3 AgaS-SbiSa, 69.8%; stephanite ("brittle 
silver ore”), AgaSaSb or 5 AgjS-SbjSa, 68.5%; cerargyrite (“horn silver”), AgCl, 75.3%; 
native silver, Ag, 100%. 

Galena almost always contains at least a trace of silver, which probably occurs as an 
isomorphous sulphide, but not appearing separately in polished plates. Silver is a compo¬ 
nent of certain varieties of tetriffiedrite, and in this form is often found in copper ores. 

Galena ia probably a base for other copper minerals. Stiver is aometinies found in zinc blende, 
but rarely in pyrite. Modern silver production is chiefly in connection with base metals. 
Cei’U'xyrite and native silver are habitually secondary minerals, resulting from alteration in the 
vadose zone of other minerals mentioned above, or from silvir-bearing, base-metal minerals. Argen¬ 
tite is sometimea Beoond/<ty: it certainly ia also primary. The others are generally primary. 

Gold-beariag minerals: cal*-verite, AuTes, 44,5% gold; sylvanite ("graphic 
tellurium "), (AuAg) Tes, va’-iable; native gold, alloyed with silver, etc, variable. Gold 
most cdmmonly occurs in quartz veins, both as native, and as scales and wires mechanicaily 
mixed in pyrite. It may be set free’ by oxidation and removal of the pyrite. It also 
aceompanjes mispiekel, chalcopyrite, and rarely galena. In some of these minerals, when 
thai ores are refractory, it may exist as an involved telluride, or as a bismuth compound 
(Riohacd Pearce). The tellurides of gold (a number of rare mixed telluridee of gold and 
ofhnr metals are not mentioned above) are primary minerals. On oxidizing and losing 
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tellurium, tibegr yiel^ eztremdly fine partidea, not readily panned and reneting amaleama- 
tion; oalled rusty ” gold. Gold, presumably as (boride, sometimes desoends in solution 
from oxidised portions of veins containing manganese minerals, and is repreeipitated at 
or near water level. Presence of oaldte may interfere with the reaction. The high sp gr 
and resistance of gold to natural solvents greatly favor the formation ol placer deposits. 

Oerman writers sometimes diWBified precious m^al deposits into an older series, in geological 
age, and a later series. The great silver>gold veins associated with mountain upheaval and igneous 
outbreaks, at close of the Cretaceous and in the opening Tertiary periods ^n thus be dietinguisbed 
from older ones. Each group can then be subdivided on associated minerals, of which a series of sub* 
types can be establish^. Other writers have placed less emphasis on variations in time and 
mineralogy. Admitting some ohMacteristic mineral associations, which might make possible finer 
subdivision, the following large types are permissible (see Classification, Art 1^. 

Predominant silver. A. Fissure veins, with distinctively silver minerals in quarts 
gangue, often amethystine and assooisted with manganese minerals and some calcite. 
Galena, sine blende, pyrite and copper minerals, are very subordinate. Many great veins 
of Mexico, as at Pachuca, Real del Monte, and Guanajuato, exhibit these characters. 
The Butte silver veins are similar, but now, in instances, have developed copper in depth. 
In general, argentite is the chief source of ^ver (d). 

B. Fissure veins yielding silver with little gold, in association with galena, zinc blende, 
copper minerals, and pyrite, in gangue of quartz, cidcite, barite, fluorite, one or several (d). 
Veins of this mineralogy are world-wide in distribution. 

C. Native silver and minor silver minerals, with arsenides of cobalt and nickel, in 
shrinkage cracks or fissures involving slight displacement {d and/). Cobalt, Ont., is bert 
example, where veins are predominantly in Huronian conglomerate, associated with a 
diabase sill, which has some veins, and Keewatin green schists, which contain a few. 

D. Impregnations of porous rocks, sandstones, tuffs, etc , with argentite, cerargyrite, 
and native silver; supply fissures obscure; some copper minerals may occur. (Silver 
Reef, Utah, Silver Cliff, Colo.) 

E. Impregnations and replacements of crushed rocks along faults (silver-bearing 
galena in Cceur d’Alene, Idaho, Art 20, A). 

F. Replacements of calcareous rocks with silver-bearing galena and associated sul¬ 
phides. Leadville, Colo. (See Art 20, A, for other cases.) 

Predominant gold. A. Fissure veins containing native gold, alone, or mechanically 
mixed in pyrite and much rarer base-metal sulphides, in quartz gangue. Gray, greasy- 
looking quartz seems to accompany best values. The common association of quarts 
with gold makes this type of world-wide distribution. Veins appear most frequently in 
schists, slates, or other metamorphic rocks, and in association with intrusive rocks, of 
which granite is commonest. 

B. Impregnations and replacements of open-textured rocks with gold-bearing pyrite. 
The “banket” of gold-bearing conglomerates of Transvaal, the chief producers today, 
is the best example. 

C. Saddle-reefs, or arch-like deposits of gold-bearing qxiartz at crests of anticlines (e) 
(Bendigo, Victoria, and gold reefs of Nova Scotia). Saddle-reefs may succeed one another 
in depth. Slates or slaty schists are common wail-rocks. 

D. Veins carrying gold tellurides. At Cripple Creek, Colo, they are associated with 
an eroded Eocene volcano, often favoring neighborhood of minor dikes of phonolite and 
basaltic rocks, with which volcanic activity closed. Purple fluorite is a characteristic 
associate. In Boulder Co, Colo, veins are in gneisses; at Kalgoorlie, Western Australia, 
in amphibolites; in Hungary, altered andesitic rocks, called propylites. Once considered 
extremely rare, tellurides have been very productive in Cripple Creek and Kalgoorlie. 

B. Lateral impregnations and replacements of colcarpous riialcs, with tellurides along 
supply fissures, called verticals. Example, so-callcd “ Potsdam ” or “ refractory ores,” 
of the Black Hills, S Dak, the walls of which are of Cambrian age. 

F. Contact zones, on the border of intrusive igneous rock and limestone, containing 
gold-bearing mispickel in lime silicates (Nickel Plate mine, B C). The usual contact 
sone of this type carries copper sulphides with a little gold (Art 19, B). 

G. Placer depoaite of gold-bearing gravels, which may be: residual, from weathering 
of rocks in situ; river gravels in active streams; river gravels in abandoned and often 
buried channels: alluvial fans; sea-beaches with active surf; sea-bcaches now elevated 
and inland. Gold in streams favors places where current has been checked, as the inside 
of bends; junctions of tributaries; heads of quiet reaches. Gold favors gravel next the 
b^rock, or next a “false bedrock” of clay, but fine particles may be generally distributed 
in a thick vertical section. Magnetite, zircon, garnet, and various resistant, heavy min¬ 
erals are characteristic associates, yielding “black sands” (42). 
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22. MINOR METALS 

AlnmisoiB ia obtained today front bwudte, hydroua aluminum oxide, which ia treated eleotro* 
lytieally in a bath of cryolite (3 NaF*AIFj). Bauxite ia developed by weathering of iduminoua 
roefca, and may appear ae a renidual product. It may alao be product by aolvent action of aul- 
phurio acid, from oxidiiing pyrite, upon aluminoua rooka, auch as ahalea. The resulting acid 
solution of aluminum sulphate may be neutralised by limestone, with precipitation of aluminum 
hydrate, which may then form concretionary maesea. In America bauxite ia largely produced in 
Georgia, where the last named reaction is believed to explain its occurrence. In Arkansas, it is 
associated with syenitic eruptives, to the alteration of which its formation is attributed. Cryolite 
is commercially obtained only on west coast of Greenland, where it constitutes a large, flat vein in 
gneiss. Siderite, galena, zinc blende, and a few other minerals are sparingly mingled with it. 

Antimony is obtained from its sulphide, stibnite (SbsSs); sometimes from the oxide, senar- 
montite (SbsOi); and as an alloy from antimonial lead ores. Characteristic occurrence of stibnite 
is in quartsose veins, but leas regular deposits in sandstone are recorded. The industry is small. 

Arxenk is product largely as a by-product in smelting arsenical lead, copper, gold or cobalt ores, 
chiefly enargite (CuiAsSf): It ia sold as oxide, but much more could be saved were there a better 
market for it. 

Barium is chiefly consumed as the sulphate (BaS 04 ). Barite characteristically appears in 
veins in limestones; is also a frequent gangue with lead and copper ores, r^tardiesa of nature of vein 
walls. Chief output in U S comes from deposits in Georgia, Missouri, and California. 

Biimnth is a rare by-product in lead-silver refining. A few districts, as Leadville, Colo, and 
Cobalt, Canada, produce bismuth ore. 

Cadmium is a minor associate of sine, and whenever separated is a small bjr-product in sine 
metallurgy, or in treatment of zinc-bearing lead ores. Oreenocldte (CdS) is the chief mineral. 

Caesium is a rare alkaline element of much the same associations as rubidium. 

Cerium, with didymium, erbium, lanthanum, thorium, and yttrium, constitutes a group called 
the cerium group of rare earths. Their compounds, es 7 >ecially those of thorium, have incandescent 
properties when heated, for which purpose they are sought. They are obtained as phosphates in 
monasite and xenotime, and are characteristic of pegmatites. They may appear in normal granite. 
Being resistant and heavy, monazite and xenotime have accumulated in placers in the drainage of 
pegmatite and granite areas of the' Carolinas; also on sea coast of Bahia, Brazil. 

Chromium (FeO-CrzOz), sometimes (Fe'Mg)O'(Cr-Al-FelzOz, ia a characteristic associate 
of richly magnesian, basic igneous rocks, usually altered to serpentine. The chromite is believed 
to be a direct crystallization from molten magma. It forms irregular, sometimes large, distributed 
masses, and being extremely resistant may be freed and concentrated as a residual product in 
weathering. Commercial chromite should contain at least 40% CrjOj. Rhodesia is a great pro¬ 
ducer of chromite ore. 

Cobalt forms a variety of arsenides and sulphides, practically always in association with nickeL 
linnseite (CotS 4 ), smaltite (CoAsj), cobaltite (CoAsS), and the oxidized product erythrite or 
"cobalt bloom" (CosAsaOg-S HzO). Cobalt has long been derived from the ores of Cobalt, Ont; 
Belgian Congo, Rhodesia, and French Morocco are also important producers. 

Didymium (see Cerium). 

Erbium (see Cerium). 

Iridium (see Platinum). 

Lanthanum (see Cerium). 

Lithium is obtained from amblygonite Li(AlF)P 04 ,lepidolite, thelithia-mica LiK(Al(OH, F)i] 
Al(SiOt)i, with lithia (LijO) 2 to 5%; and spodumene (LiO* Al2C%-4 8iOi) with lithia 7.5%. Both 
are pegmatite minerals, occurring mainly in Black Hills, S Dak. The comntercial importance of 
lithium has increased in recent years. 

Magnesium is chiefly used as the earthy carbonate, magnesite, a refractory materiaL In 
Washington, magnesite lenses are found in metamorphosed dolomite. Magnesite also favors asso¬ 
ciation with serpentines, in the alteration of which it is formed in veins in California. Russia, 
Austria and the XT 8 have recently been the chief producers. 

Manganese. The chief minerals are pyroluaite (MnOz), psilomelane (MnOi-NH(0, plus 
K, Ba, etc), wad (an earthy Mn mineral), manganite (Mnz 04 -H 20 ), rhodochrosite (MnCOs' and 
frankliaite (FeZnMn)O ■ (Fe Mn)zO(. Russia, Gold Coast, India, Brazil and Cuba supply most of 
the manganese used in the U S. In geological relations of its ores, manganese is similar to the brown 
hematites (Art 6). The ores are usually residual products of weathering, and are found os nodules 
in clay or as masses on surface. They should be relatively low in phosphorus, for use in api<vel~ 
eisen, and not too high in silica (43). 

Mercury has one chief ore, cinnabar (HgS^, with which a little native mercury may be asso¬ 
ciated. Cinnabar appears in veins with quarts, calcite, altered wall-rock and bitumen. It may 
also impregnate porous beds, euch as sandstones. In practice mercury is called quicksilver or 
"quick." In the U S, cinnabar is mined in Calif, Nev, Ark, and Texas. 

Molybdenum is obtained from molybdenite (MoSz). Wulfenite (FbMo 04 ) has attracted 
some attention. The molybdenite deposits at Climax, Colo, are among the largest known in the 
world. The ore occurs in a large circular stock of granite. The bottom of the mineralization has 
not been determined. 

HUkd has 3 varieties of ores: (a) sulphides and arsenides (millerite, NiS, niodolite, 
NiAs) and related nunerals, all of small moment today; (b) pentlandite, (Fe Ni)S, the 
nickel, iron and sulphur b^ng each about one third. (Althouid> Jnickel was formerly 
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thought to replace iron in pyrrhotite, it is now considered to he in mechanically inter¬ 
mingled pentlandite); (e) a series of hydrated silicates of niokdi and magnesium, somewhat 
analogous to serpentine in general composition and forming veins in serpentine, or pro¬ 
duced in the alteration of very buic igneous rocks. 

The mekel industry today is practically limited to 2 localities. .At Sudbury, Ont, and vicinity, 
pentlandite with pyrrhotite and chalcopyrite ore concentrated at bottom of a huge inUrusive sheet, 
which varies from norite at the base, where the ores appear, to acid, micrographio granite at its 
upper surface. The sheet is folded into a huge baain, 40 miles across, and is buried in center 
beneath overlying sediments and volcanics. The ores favor embayments in the underlying older 
rooks, and one offsetting dike at the outer periphery. The underside of sheet dips inward at 00”, 
and is impregnated with nickel and copper ores up to widths of 100 or 150 ft. The gangue is self- 
fluxing. The ore bodies are generally classed under a, Art 17, but the 3 sulphides seem to have 
orystrilised in serial wder, and at times to have undergone some redepodtion. The hydrated 
silicates of nickel are found, in workable richness, in the serpentinous district of New Caledoma. 
They constitute veins, and are the second but much smaller factor in the world's supply (44). 

Osmium is a characteristio associate of platinum, in the placers of which ifa one source, iridos- 
mine, is found, in scales or scaly nuggeta and “colors.” 

Palladium is a characteristic assoriate of platinum in placera, and in tb^ few oases where plati¬ 
num has been discovered in copper ores. In latter case careful aesays are necessary to avoid mis¬ 
taking palladium for platinum. 

Platinum appears in metallic grains and nuggets, more or less alloyed with iron, palladium, 
and rarer metals of the platinum group. It is characteristically associated with peridotites and 
PSrroxenites, in which it is a direct crystallisation from the original fused magma. Platinum is 
frequently intergrown with chromite. Aside from natural alloys, its one compound is sperrylite 
(PtAst), a minute associate of the Sudbury nickel-copper ores, and rarely elsewbere (46). Russia, 
Canada, Colombia and So Africa are the chief producers. ’ 

Potassium is treated as a saline (see Non-Motallio Minerals). 

Radium is an extremely rare associate of the more abundant uranium, from the minorala of 
which it is separated (see Uranium). 

Rhodium is a minor associate of platinum. 

Rubidium is a rare alkaline element, associated in minute amounts with lithium in IspidoUto 
and other lithium minerals. 

Ruthenium is an extremely rare associate of platinum. 

Sodium ia treated os a saline (see Non-Metailic Minerals). 

Strontium is obtained from the sulphate, celestite (SrS 04 }, oeourring like buite, but less abun¬ 
dant (see Barium). 

Thorium (see Cerium). Thorianite ia also found oommeroiaUy in Ceylon and Auatralia. 

Tin has one ore, cassiterite (SnOj), and one rare ‘eulphide, atannite. Caaaiterite ia 
almost always associated with granites and pegmatites, or veins closely akin to pegma¬ 
tites. In weathering and erosion of these, being heavy and resistant, it is concentrated in 
placers as pebbles and finer particles, called stream tin. Cassiterite is obtained both by 
deep mining ai>d placer working. It has been observed associated with rhyolites. Tin 
is also obtained in important quantities from Bolivian silver veins. Bolivia is now one 
of the largest producers of tin. 

Titanium appears in the titaniferoos magnetites, in which it has hitherto been a disadvantage 
to the iron. The nelsonite rocks of Virginia furnish titanium oxide in the form of rutile. Large 
amounts of ilmenite, (FeTi}Os, are found in the sands of Travancore, India. 

Tungsten, now an important metal in steel manufacture, is obtained from several 
tungstates, viz: wolframite, (FeMnlWO*; huobnerite, MnWO*; scheelite, CaW 04 . 
In the U S it is found chiefly in contact metamorphic deposits, where scheelite occurs 
associated with garnet and epidote, as at Mill City, Nev. The quartz veins at Atolia, 
Calif, have had an important history of scheelite production. The wolframite ores of 
China ar; extensively produced. « 

Uranium has gained great prominence as the associate of radium, but has also uses of 
its own. Pitchblende or uraninite, (UPbjlsUzO:, the earlier and still prized source, is a 
rare but characteristic mineral of pegmatites and related veins. A series of phosphates, 
torbernite, autunite, etc, have similar geological relations. Carnotite, a vanadate, 
KjO'2 UzOs-YiOfS HzO, with 15 to 18% vanadium oxide, is found impregnating sand¬ 
stones in western Colorado and eastern Utah. The uranium-bearing veins of Katanga, 
Belgian Congo, are an important source of radium. The Great Bear Lake district of 
Canada is also important. 

Vanadium is a minor component of titaniferous iron ores, and of the uranium-bearing 
carnotite, and, in a series of vanadium sulphides and their oxidized derivatives, appears in 
asphaltite veins in Perfi. Vanadium is also found in the carnotite ores of western Colo 
and Utah. 

Yttrium (see Cerium). 

Zirconium has one mineral, zircon (ZrSi 04 ), an associate of granites and other feldspathio 
rooks and pegmatites, from which on weathering it is freed and concentrated in placers. 
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NGN-METALLIC MINERALS 

Here is included a misceUaneous series with no fundamental relations; hence, amuiged 
alphabetically. The carbon series is the most important (46). 


23. ABRASIVES; ASBESTOS; ASPHALT 

Abrasives. Corundum and emery (emery is a mixture of oonindum, spinel, magnetite and 
other hard and heavy minerala) are found in two principal geologioal relatione; oobomovm oryntal- 
liees from rare igneous magmas containing ezoess of A1|0| above requirements of ordinary rock- 
making minerals. Most of the world’s supply of oorundum comes from the l^ansvaal, where the 
mineral is found in syenite pegmatites. Embry is commonly found at igneous contacts or where 
inclusions of aluminous sediments are involved and partly digested in igneous rocks. A vein 
or bed at Chester, Mass, containing emery in metamorphic rocks, is still different. Gabmrt, either 
in hornblende schist, m in the Adirondacks, or in mica schist, as at Reading, Conn, is a minor 
abrasive. Crushed, angular fragments of quartz are used for sand-paper. Diatomacxous earth 
and deoomi>oaed chert (tbipou) are soft abrasives. Whetstones are made of gritty slates, which 
sometimes owe their “tooth" to minute garnets or other hard minerals; or of novaoulite, a fine¬ 
grained siliceous rock in which the solution and removal of minute rhombs of calcite have left 
Bharx>-edged cavities. Coarse varieties are sandstones, or sandy schists, in which itfe set rutile, 
garnet, etc. Orindstones are made of sandstones sufficiently friable not to wear smooth (80). 

Asbestos of commerce, a variety of serpentine, called chrysotilo, appears as veins with cross¬ 
fibers in some serpentine districts (most important is in southern Quebec). Pooth' grades appear 
along slips in the serpentine and in the mass of the rock. Some believe the Canadian asbestos to 
be a deep-seated alteration product of basic igneous rooks; others, that it is developed from serpen¬ 
tine in fissures near intrusive dikes of aplite, a variety of granite (51). 

Asphalt (see Carbon Minerals). 


24. BUILDING STONE, CLAY, LIMES, CEMENTS 

The granite industry is mainly developed along Atlantic seaboard; secondarily, in Wisconsin, 
Missouri, and California. Among igneous rocks, granite breaks best in the quarry. When of good 
grade, it is homogeneous in texture, though sometimes suffering from black inclusions, local coarse 
crystallisatious, and development of gneissoid structure. Sandstones are widely quarried. The 
“brownstone" of eaatcrn U S ia a Triasaio sandstone, from Longmeadow, Mass; Portland, Conn; 
Avon, N J; Hummelatown, near Harrisburg, Penn. "Bluestone,” of Hudson River region, is a 
Devonian argiliaoeoua sandstone, specially adapted to flagstones, curbing, sills, and lintela. Pots¬ 
dam red sandatone or quartzite is Cambrian, quarried on western side of Adirondacks. A softer 
stone of nearly the same geological horizon is produced on south shore of Lake Superior. Medina 
I»nk sandstone of the Silurian is extensively obtained along the Erie Canal, between Rochester and 
Lookport, N Y. Cleveland or Ohio sandstone is a gray or pale-blue stone, of Mississippian (Lower 
Carboniferous) age, developed in outskirts of Cleveland. Limestones. Preeminent is the Indiana 
or Bedford odlitic stone, of Mississippian (Lower Carboniferous) age, which outcrops in an extended 
N and S belt in S W Indiana. Marbles, of Cambrian and Ordovician age, are extensively devel¬ 
oped along the border of Western Vermont, Eastern Tennessee, and Georgia; of other age, in Colo. 
Sl,ATBS appear in S W Vermont and neighboring parts of N V, and in the Lehigh Valley, Penn. 
They are in less degree produced in Virginia, the T.ake Superior region, and Newfoundland. Wales 
is a famous source of slate and of skilled workers in slate. Serpentine is quarried in southeaatern 
Pennsylvania and the neighboring parts of Maryland (52). 

Clays belong to three general groups: (1) kaolin group, in which the chief mineral is kaolluite, 
AljC>f2 SiOf2 HjO; (2) montmorillonite group, in which the chief mineral in montmorilloaite, 
CaO'MgO, AliOt'3 SiOt-nHsO; (3) alkali-bearing clay mineral group. Kaolin is chiqfly of two 
kinds, residual, or transported, which are the finest sediments of still water. Residual clays are 
eommonest south of the terminal moraine of Glacial epoch. They are impure and variable. Trans¬ 
ported clays were extensively deposited by the floods which followed the melting of the continental 
glacier. They are very abundant in the valleys of the Connecticut and Hudson rivers, and are the 
basis of a great brick indiwtry. Fireclay for refractory materials should be as free as possible from 
other ingredienta than SiOj, AlaOj, and HgO. It is often found beneath coal seams. In these 
relations fireclays are mined in Pennsylvania, Maryland, Ohio, and at Cheltenham, Mo. Other 
fireclays of Cretaceous age are developed at Woodbridge and its neighborhood, N J, and neu 
Golden. Colo (53). Clays of the montmorillonite group are extensively derived by the alteration 
of voleanio ash and find an important application in the purifioation of petroleum products. 

Shales often posseas propel lies which fit them for vitrified briok. They are then ground, 
moulded, aud hard-burned. They are useful for pavements, espooially where no good rook is avail¬ 
able for macadam. 

Limes uA csmsnts. For quicklime, calcium carbonate should be pure, free from coloring 
ingredients, such as iron compounds, and is preferred with little mgnseium earbonate. Siltea and 
alumina together develop bydrauUo propwties, and injure “fat” limes. Kilns are widespread and, 
for looal use, any reasonably pure limeatone answera. Roeklaod, Me, is the principal American 
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prodttoibs dutriet. As limsstonss eontsin iaoresaing smouats of alumioa and silica, they develop 
hydraulic properties when burned, and in varieties of special excellence afford natural rock cement. 
The crude stone is called a “water^lime.** Although important in former yean, the natural ceincnis 
have given way to "Portland" cement, which is an artificial mixture of Uniestooe and clay or shale, 
entirely.under control of the chemist, and bang thMefore more uniform in propoties. In Portland 
cement magnesia is kept very low, not over 2 at 3%. The Lehigh Valley, Penn, is clucf center of 
manufacture in U S, but plants are widely distributed (S4), 


26. THE CARBON MINERALS 

These embrace Coals and their relatives, and the Petroleum series, including Natural 
Gas, Maltha, Asphalt, and Asphaltites. 

Coals and their relatives are vegetable remains so preserved in sedimentary strata as 
to become progressively enriched in carbon. They begin as some form of woody tissue, 
perhaps also in part spores, algse, and resins; under conditions of retarded oxidation they 
pass toward a theoretical limit of nearly pure carbon, and finally to mineral ash. Cellulose, 
the principal original contributor, is CeHjoOt (approx, C 50%, H 6%, and O 44%l, but 
there was always also a little N, S, and mineral matter in original deposit. If vegetable 
tissue accumulates under a protecting layer of water, oxidation is retarded and relative 
enrichment in carbon ensues. On subsidence of the land, or, in case of lakes and swamps, 
as result of heavy floods, sediments bury the accumulated vegetable tissue. The com¬ 
plete process comprises several stages. Peat is still brown; a visible aggregate of stems, 
leaves, etc; high in O and H and relatively low in C. Lionitb is firmer, often black, but 
has a brown streak, and usually still shows evidence of vegetable tissue; has less O and H 
than peat and relatively more C. Sub-bituminous coals or black lignites are a stage 
beyond typical lignite, but are not typically bituminous. BiruMiKons coals (Sec 35) 
are black, solider, lower in O, higher in C, and at times possess coking properties. Sbmi- 
BiTCMiNous and bemi-anthbacitb mark passages to anthracitb (Sec 34) in which the C 
is greatly enriched and the coal hard and firm. Still further stages toward graphite are 
known. 

Table 6. Characteristic Chemical Compositioo of Coal Series 


Cellulose 

Peat 

Lignite 

Bituminoua 

Anthracite 

C 50 

59 

69.0 

32.0 

95.0 

H 6 

6 

5.5 

4.5 

2.5 

0 43 

33 

25.0 

13.0 

2.5 

N 1 

2 

0.5 

0.5 

trace 


Sulphur is also prwent in varying peroentages, up to several unite, and mineral ash never foils. 


Cools are snslyzed eommeroiolly in 2 ways, proximate and elementary. In pboximatb 
ARALYBIB, moisture, volatile matter, fixed carbon, ash and sulphur are usually determined. Sample 
is dried, weighed, ignited until flames cease or for a standard time over a standard Bunsen burner, 
weighed, ignited again to consume the carbon; after which residue is weighed for ash. Sulphur is 
determined in a separate sample. This analysis shows if the coal is high or low in water; is high o, 
low in volatiles; has a long or short flame; cokes or not; is high or low in ash; is sulphurous or not. 
These are the most important points regarding a fuel. Dividing the percentage of fixed carbon by 
the percentage of volatiles gives the "fuel ratio," chsu-acteristic for each particular coal. Anthra¬ 
cites give high, and richly bituminous coals low ratios. Ilatios vary from less than 1, to about 30. 
Eupisbntabt amalysib of a dried sample gives the C, H, O, N, S, and ash. It affords a better idea 
of the heat units in the coal, a matter of growing importance each year, but does not indicate coking 
properties nor volatiles. It is known that ths O in coals is already combined with C or H, and is as 
inert as ash, besides reducing the available C and H. Since H has a nigh calorific value, the neces¬ 
sary proportion to yield HsO with the O present is often called combined hydrogen; the excess, 
disposable hydrogen. Relatively high valu« of the latter are gsteemeid. 


Table 6. Characteristic Proximate Analyses 


1 

Moisture 

Volatiles 

Fixed 

carbon 

Ash 

Sulphur 

Peat..... 

i 20.22 
17.75 

52.31 

24.52 

2.95 


niti^.. 

37.85 

37.40 

6.20 

0.80 

8iiK«hi . 

13.43 

37.15 

45.57 

3.85 


1.26 

30.11 

59.62 

8,23 


8etni-bituininous. *. 

1.23 

15 47 

73.5! 

9.09 


Semi-anthracite. 

1.29 

8.10 

83.35 

6.23 


Anthracite. 

4.12 

3.08 

86.38 

5.92 





























2 -^ 


GXOLOGT AND MINERAL DEPOSITS 


TftUe 7. Ch«r«6teriKtic Elementary Analyses 



Moie- i 
ture 

C 

H 

1 

0 

N 

1 

S 

Aah 

pAAf. ^a 5 p . 

13.60 

40.70 


30.95 

1.40 

fta 

20.74 

4.50 

10.97 


22.63 

54.91 


32.59 

1.02 

BkvI 

Siihwhit.tmiinniiA. 

11.OS 

59.08 

5.37 

21.52 

1.33 

1.73 


3.36 

68.69 

4.84 

11.49 

1.54 

I.OI 

0.65 

12.43 

5.05 


1.53 

02.87 

4.76 

4.99 

1.68 

Anthracite. 

1.97 

91.40 

2.81 

1.83 

0.21 

0.71 

3.04 


Heat units are expressed as British thermal units (B t u), or as French (calories). High ash 
or bigh-oxyger coals give low thermal values. The usual range is as foUowa, the peat b^ng excep¬ 
tionally good (Susses Co, N J): 


Peat 

Lignite 

Bituminous cod 

Anthracite 

High 

Low 

High 

Low 

High 

Low 

High 

8 260 

7 204 

10 143 

10 242 

13 790 

12 047 

14 686 


Moisture in coal is a serious drawback, and varies so much in unprotected samples, especially 
of lignites and sub-bituminous coals, that the sample, as soon as out in the mine, should be put into 
an air-tight glass jar, and analysed as soon as possible after top is unscrewed. 

Classiflcatioa. Many attempts have been made to classify coals, but for eastern coals the 
scheme suggested by H. D. Rogers, State Geologist of Penn, about 1855, is still widely current:. 


Bituminous 
Semi-bitumi nous 
Semi-anthracite 
Anthracite 


Volatiles, greater than 18 
“ 18 to 12 

“ 12 to 8 

“ lees than 8 


Mors recent schemes are those of: M. R. Campbell, based oaC + H ratio, as shown by elementary 
analysis; F. Q. Grout, who employs ratios based on sum of volatiles and fixed carbon of a proximate 
analyris, and the elementary carbon of ultimate analysis; and D. B. Dowling, who employs what he 
calls the spUt-vdatile ratio. Ail these give greater attention to western lignites and sub-bituminous 
coals, which in earlier years were practically unknown. Elaborate dassifioations are unimportant 
commercially. The B t u’s and the physical and coking properties are the essentials. 

Oeologieal aMoctetes of coal seams are almost always shales and sandstones. They 
often have a fireclay floor; are seldom associated with Umestones. A seam may be broken 
up into benches by a “ parting ’’ of shale, called “ slate ’’ by miners. A parting may 
increase in thickness and separate a seam into 2 distinct seams. Seams may ^ cut out by 
old drainage channels, either contemporaneous with the old swamp, or later and long after 
coal was formed. Pot-holes and channels in Carboniferous coals wore developed even in 
the Glacial epoch and filled with gravel. Coal seams may be pinched by the upward bulge 
of a relatively plastic clay fioor, and may have cracks filled with clay gouge. 

(Do^ seams are subject to faults and folds; are very often in syndines (" basins "), 
left disconnected by erosion of intervening anticlines. Folds may be violent, as in middle 
anthracite fidds of Penn, and in Belgian and French areas. Coal seams are of all thick¬ 
nesses from a fraction of an inch to many feet. The thickest angle seam, reasonably free 
from thick partings, recorded in America, is at Adaville, Western Wyoming, with 86 ft of 
dean coal (except for one parting of 1 in of sandstone). A tiiickness of 1 ft is ordinarily 
considered minimum of workability. 

With increase of ash (20% ash is the usual commercid maximum) coals pass into 
** bony ” coals, then into “ bone ” and into bituminous shale or slate. Foreign matter 
may be minutely interstratified with thin layers of relatively pure coal; or be invisibly 
mingled. If the layers are-sufficiently coarse, crushing and washing may greatly reduce 
the ash (Sec 34 and 35). In a cross-section of a good seam can be recognized: bright 
lustrous " glance ” coal and dull, lusterless " splint ” coal. The proportions vary; one 
variety may be in great excess. There is a third variety, porous, tender, and often show¬ 
ing plant structure, called “ mother of coal ” or *' mineral charcoal.” It affords an 
unfortunate place of precipitation for gypsum, psrrite, and other undesirables. The 
sulphui in cod is partly in pyrite, when hdf passes off in burning; partly in gypsum, when 
dl passes into the ash; and partly in sulphurous hydrocarbons. In ooldng or other 
combustion, roughly on»>hdf the sulphur passes off. 

In geological age cod ranges practically from Carboniferous period through Tertiary. Anthra¬ 
cite is even report^ in remote pre-Cambrian strata of Fidand. but no seams of Importaace are yet 
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known oldor than Carboniferous The oldest seam in Ametioa is in the Pooono sandstone series, ot 
the Musiesipptaa (Lowm Carboniferous) strata of 6 W Virginia (Altona and elsewkere). The 
reidly important eo^ begin with the Pennsylvanian. In eastern half of North Axnerioa, they range 
up into the Permian and even Triassio (in Va and N C). In the western U 8 , coals range from early 
Cretaesoia to Pliocene. The Laramie of Cretaceous and Eocene Tertiary are most productive. The 
later coals are often lignitie, especially if in relatively undisturbed strata (55). 

Petroleam aeries. Coale are residual accumulations; petroleums are evolved, and moi^e 
from their sources elsewhere for storage. The petroleum series embraces gases, liquids, 
and solids. The chemistry is very complex, but most of the members belong to the marsh- 
gas or paraffine series of compounds, Up to C 4 H 10 they aro gases at ordinary 

temperatures: from CroHtii up they ore solids. The gases are called natural gas; the liquids, 
petroleum; the thick, black, tarry liquids, maltha; the solids at ordinary temperatures, of 
tough leathery character, asphalt; the brittle, co^-like substances, asphaltitc; the 
natural paraffines, ozocerite. Shales impregnated with bituminous matter are colled oil 
sludes. They may be rich in paraffines. (See Sec 44.) 

Natural gases are chiefly CH 4 , but have some higher members, with a little of the 
olefine series CnHjn, more or less of HjS, N, O, COj, and others rarer. 

Petroleums include the liquids at ordinary temperatures. Some are of low sp gr, 
some high. These characters are expressed in degrees Boaum 6 , a scale in which 10° 
Beaumd is sp gr 1. Others are calculated by the formula: (140 -i- sp gr) — 130. Light 
petroleums range from 35° B up; the heavy drop below 20* B. Lic^ter oils give higher 
percentages of illuminants and are the most valuable. Heavy oils have an asphalt base. 
Some oils contain sulphur compounds. Malthas are much rarer than petroleums, and 
have different uses; asphalts aie employed for paving; asphaltites for varnishes, etc. 

Origin of petrolettnu. There are two radically different views: the inorganic (now discarded) 
and the organic. There is some support for the theory attributing hydrocarbons to igneous sources, 
but most geologists favor the organic explanations. These assume original plant or animal matter 
in the sediments, by decomposition in the rook (T. S. Hunt); or distillation from internal heat 
(J. 8. Newberry); or, the modern view, by bacterial decomposition while freshly deposited, the 
hydrocarbons being later squeezed out of the shales and mud-rooks, by pressure of overlying aeoumu- 
Intions, into porous beds for storage. The latter genesis certainly applies to CH 4 , but has not been 
proved for oils. 

Storage in the rocks is better understood. The most extensive pools are found under low 
anticlinal folds, in which an impervious shale rests upon a parous sandstone or limestone, so as to 
imprison the gas and oil; which, from some source of the hydrocarbons rise through the heavier 
ground-waters and are finally caught beneath the crest. Theoretically, and sometimes actually, 
there is an uppermost layer of gas, a layer beneath of oil, and a bottom layer of water or connate 
brine. Usually either gas or oil rests on brine. Other deposits favor lenticular or pod-like bodies 
of sandstone in shales, apparently old sand-bars, or similar accumulations. Prospecting is usually 
guided in recent years by the anticlinal view. The axes of anticlines rise and fail, and pools are thus 
non-continuous along their trend. A very gentle anticline or even a slight monocline may suffice. 
Fools BometiincB seem to lie to one side of the observed anticlinial crest (Sec 44). 

Geologically, the oldest gases and oils are tapped from Ordovician (or Lower Silurian) strata, 
of which the Trenton limestone is very productive in Ohio and Indiana. Higher in the Paleosoic, 
the Silurian (or Upper Silurian), Devonian and Carboniferous strata are all productive in the 
Eastern States. A sandstone at base of the Cool Measures (Carboniferous) is very productive in 
Illinois, Kansas, and Oklahoma. Cretaceous sandstones carry ml in Wyoming; and Cretaceous 
limestones are the apparent source of Mexican petroleum, even though tapped from overlying 
Tertiary beds. Various Tertiary borisona yield oils in different parts of the world, l;iut the Miocene 
is eapecially rich. In America are the following fields: Appalachian; Lima-Indiana (western Ohio 
and Indiana); lUinoui; Mid-Continental, in Kansas, Oklahoma and northern Texas; Gulf, in 
Louisiana and Texas; Mexican, in the coastal plain or tierra caliente, west of Tampico and farther 
south; and California. There are many smaller areas in Colorado, Wyoming, Alberta, and Alaska. 
Trinidad is productive, also Venezuela. Abroad, Rumania, Bdku on the Caspian Sea, Dutch East 
Indies, and Japan are the chief producers, but some oil has also been found in Germany (56). 

M^ths is a rather unusual product, but appears at times where oils with an asphaltic bass rise 
to Burfaos and lose their more volatile oonstituents. Maltha may impregnate porous sandstone. 

Af phalt, a further stage in the process, may accumulate iu pools, or impr^mete porous 
sandstones or limestones. Sometimes oils have risen in fissures and have changed with 
loss of volatiles to brittle substances, suggesting coal. Ulustrations: albertite, of N B; 
grahamite, of West Va; uintaite and wurtxilite, of Utah. Oils with a paraflfine base have 
left behind the natural paraffine, osocerite, in fissures in sandstone (57). 

Graphite is the final metainorphic stage of all carbon minerals. It appears sometimea 
in pegmatite veins, but more often impregnates aandatones, schists, wd crystalline lime- 
stonee, from which it may be separated concentrating the light components (58). 
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26. MISCEIMNEOUS NOK-METAIXIC MINERALS 

Oeaw an object* of mining, but the geological relation* are very diverae. Diamond* aeem to 
be original cryetalliaationa in very basic igneous rooks, in South Africa and in western Arkanea*. 
They are elsewhere obtuned from placer deposits. Sapphires may be in contact aones, or com¬ 
ponents of an igneous dike, as at Yogq, Mont. Beryls are pegmatite minerals, but the variety 
emerald may be in contact aones. Turquoise appears in small veinlets in various rocks, where 
eopi^ salts have circulated. No brief summary can include more than a few of the widely eon- 
traaied associations (59). 

Graphite (see Carbon Minerals). 

Gums (see Carbon Minerals). 

Gypsum (see Salines). 

Mica, in commercial quantities, occurs as a constituent of coarsely crystallized pegmatites; 
both muscovite (white) and phiogopite (amber) are utilised, the former produced mainly in India 
and N Carolina the latter in Ontario and Quebec provinces, Canada. Market requirements are: 
(a) minimum sise of rectangular trimmed sheet, 2 sq in (larger sizes bring higher prices). Demand 
for pulverised mica is amply supplied by trimmings from sheet-mica mines, (b) Softness; the softer 
the mica the better adapted it is for eleetrio commutator insulation, (c) Freedom from inclusions, 
which are generally iron minerals and diminish insulating properties, (d) Ftezibility. Value of a 
given mica can be ascertained only by submitting samples to a dealer. Electrical manufacturers 
are the largest consumers. 

Lime* (see Building Stone). 

Natural Gas (see Carbon minerals). 

Oxocerite (see Carbon Minerals). 

Paint* (mineral paints, pigments), or the bases for them, are sometimes the objects of mining. 
Practically aU are minerals of iron. Limonite, deposits containing iron carbonate, and red hema¬ 
tite, arc ail utilised. The crude prodhet is usually calcined to insure uniformity of color or shade. 
Fine olaya stained with limonite yield ochen. Barite and even refuse slate are ground for ‘'fillers.” 

Petroleum (see Carbon Minerals). 

Phosphates are dug or quarried for fertilisers. They are of 2 kinds: (a) Crystalline 
apatite, which generally appears on borders of igneous intrusive rocks and is especially 
associated with pre-Cambrian limestones, along the Ottawa River in Ontario and Quebec. 
Apatite in different geological relations is obtained as tailings in magnetic concentration 
of richly phosphatic magnetites, at Mine'ville, N Y. (h) Earthy phosphates, such as 
fossil bones, coprolites, and replacements of CaCOs in limestones by phosphate of lime. 

Along the seacoast of South Carolina, Tertiary beds have long been dug for foe.sil phosphates 
and replaced limestone nodules. More recent discoveries of Florida rock phosphates, and of pebble 
phosphates in deltas in the drainage of rock-phosphate areas, have afforded very low-cost product. 
In the Peace River, Fla, is done much dredging and concentration similar to that in placer gold 
depoeits. Beds of rock phosphate m sedimentary series have been still more recently discovered 
and utilised in Tennessee. Other beds have been discovered by prospectors in N E Utah, but have 
been withdrawn *rom location by the Federal Government. These phosphates form interstratified 
beds, probably produced by reaction upon .limestone of phosphoric acid from organic remains. 
Guano, formed by the droppings of wild-fowl in regions of slight rainfall, is now practically 
exhausted (60). 

Resina (fossil) (see Carbon Minerals). 

Salines. When circulating ground-waters have traversed rocks containing alkali 
salts, and have afterwards Reen impounded and evaporated to dryness, or when bodies of 
sea water are isolated and evaporated, the dissolved salts are precipitated in the inverse 
order of .solubility. From sea water, gsrpsum precipitates first, then common salt, and 
then rarely the less abundant potassium salts. In general, potassium-bearing final 
mother-liquors seem .to have escaped, or else their very soluble precipitates were removed 
in next inrush of salt water. 

From isolated bodies of the ocean, out off perhaps by a barrier ca«t up during a storm, relatively 
thin be^ of salt and their associates have been derived. Thick beds of hundreds of feet in section 
are difficult to explain in this way. A substitute explanation is the “Bar Theory" of Ochsenius. 
A deep eetuary is assumed to be isolated by a broad bar from the open sea. Evaporation on the 
bar leads to the passage down inner side of bar, of heavy concentrated brine, until salt is deposited 
in the estuary's depths. Tb’i,k beds may also be precipitated in salt lakes, in deep depressions 
without outlet, yet so situated as io be fed by salt-bearing streams. Great Salt Lake is an illus- 
tion. Salt deposit* at Petite Anse, Lo'iisiana, and elsewhere along Gulf of Mexico, appear in 
columnar or chimney-like form, creasing sedimentary strata as great oylindrieal masses, above 
which are domes or mounds, and around which the beds turn up. These are best explained by 
uprising salt springs and the expansive forw of .growing crystals, which may have thrust the strata 
aside and upward Important beds of potassium salts occur in the Btassfurt notion, western 
Germany, and large deposite have been found in the Permian rocks of New Mexico and Texas. 
Beds'of NaaSOs are not infrequent in arid regions, and less often waters or even beds charged with 
NatCOi and sodium and calcium borates, likewise occur in a few districts (os southern California 



BIBLIOOBAPHY 


2-33 


ftad VMtern Nevsda}t where local drainage oontains these rare salts. The soils of the northern 
Chilean <desert hSTe become oharged with sodium nitrate; also in a few other arid loealitiee (61) 

Borax is obtained, by chemical treatment, mainly from 2 minerals: boracite, occurring 
in fumaroles in northern Italy, and in dry-lake deposits in many desert regions of the 
world; and colemanite (borate of lime) oocuning as beaded saline deposits in southern 
California. More recently, Kemite (NaiB^Or-dHaO), has been found in great quantities 
in tabular deposits m the Mojave desert region of Calif. 

Sulphur, gin native state, sulphur is found in 2 types of deposit: (a) In or near volcanic 
craters, expiring or largely dormant. Emitted as vapor, sulphur condenses on walls of 
cavities and impregnates porous tuffs and breccias. It is possible, but not highly probable, 
that SO 3 and H:S when mingled hot react to deposit sulphur, (b) In association with 
gypsum in sedimentary strata, as in Sicily, Louisiana, and Texas. The sulphur was 
formerly believed to result from reduction of gypsum (CaS 04>2 HaO), by organic matter 
in circulating ground-waters. There is at present a disposition to refer it to minute organ¬ 
isms now known to secrete elementary sulphur, and to favor its precipitation amid deposits 
of decaying organic matter, at bottom of certain bodies of water. Gypsum is a universal 
associate (62). The sulphur deposits in Louisiana and Texas occur with limestone, in 
the capping above salt domes. 
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EARTH EXCAVATION 

1. ECONOMICS 

Fftctori in economical handling of earth: (1) organisation and management; (2) 
effic of workmen; (3) tyfte, condition and interchangeability of equipment; (4) lost time; 
(5) weather conditions. Wet or freesing weather adds to costs of handling and transport; 
freezing may convert loose earth into a solid mass, and thawing, into sloppy mud. Lib¬ 
eral allowances should always be madb for lost tjus. 

Management Labob-xjniok rAstbictions. Examples: a truck driver can do no 
other work, an oiler is paid for double .time if he must wait until a power shovel is idle 
after 5 PM; these and similar regulations add greatly to costs and .must be provided for 
in estimates (For extent of unionization, see Eng News Record, Jan 24,1937, p 943). Coor¬ 
dination between loading, transport and dumping is essential to eiSo. Much small-scale 
work must still be done by hand or minor equipment, at relatively high unit cost. It is 
important that sizes of shovels are economically correct, that picks are sharp, and that 
rest periods are coordinated with work of equipment units. 

Costkeeping. Much equipment used in earth moving is utilized also for moving rock, 
handling concrete, etc. The cost of equipment should bo apimrtioned to its several uses. 

Comparative cost data of other jobs should be used cautiously; allowances should be 
made for date, locality, length of haul, horse or motor equipment, labor conditions and 
unionization, delays due to rock, structures or traffic, and the character of material. 
Soils differ greatly in wt, cohesiveness, capacity for holding water, natural slope under 
quiescent loads, and final slope under moving loads. 

Lost time. Construction may be discontinued in w'inier, only because it costs more. 
Rain and mud, next to winter idleness, are the chief causes of lost time, due to storms 
and waiting for ground to dry. Water-soaked soil hampers work by increasing weights to 
be handled, and hindering movement of men and machinery. 

Saturation affects soils differently: sand and gravel give a firmer footing when wet; clayey soils, 
gumbo and alluvial silt become mud. Drainage should be provided to divert surface water from 
workings, or dispose quickly of that which enters. Employ machines capable of traveling over soft 
ground; provide eqtiipment that can operate say a third of the time in rainfall, or in water-soaked 
material. 

Machinery maintenance. Failure of any one machine may mean stoppage of others. 
One man should be in sole charge of maintenance. With a dozen or more machines, he 
should have a special repair and blacksmith shop, welding equipment and all necessary 
tools and spare parts; for small tools, duplicates should bo kept on hand. In the Culebra 
cut of Panama Canal, machine shops counted on cars were highly profitable in keeping a 
large fleet of steam shovels in repair. Inspection of machinery, oiling and other routine 
servicing may well be done at lunch time, between shifts, or at night; if not done in 
working hours, unions demand payment for overtime. Motor trucks may be required 
to report regularly to gasolene stations having water, compressed air, oil and tires. For 
less mobile machines, as power shovels and cablew'oys, supplies should be delivered by 
trucks on regular trips. Road maintenance is especially important now that rubber tires 
are widely used. Roods should be kept well surfaced (19). 

Economics of power shovels (D. In earthwork handled by machinery the following 
principles are fundamental: (a) the shorter the time required to fill dipper and the longer 

the arc of swing to dumping point, the more important is size of dipper or bucket, width 
of cutting edge, and ability to fill it properly; (&) effort should be made to increase both 
number and size of bucket loads; (c) opebattmo cycle comprises; loading time, svdnging 
and dumping time, time to return bucket to loading point. Time losses can reduced 
by moving trucks or cars forward during cycle of dipper or bucket operation; (d) height 
• of lift should be minimized. In bucket-crane work, the shortest feasible length of boom 
should be used, with minimum arc of swing; (e) if digging is bard, blasting is done when¬ 
ever its cost is le.ss than that which would be due to delays to shovel and hauling equip¬ 
ment, plus extra repairs to shovel; (/) every organization should determine its output 
multiplier, which depends upon management of work, placing, handling and upkeep of 
equipment, balance maintniaed between the types of equipment used, effic and coordina¬ 
tion of personnel. 

Choice of equipment. No definite rule applies. Equipment for doing work at lowest 
cost depends upon; investment for eapac sought; labor and operating cost; facility of 
instructing operating men: adaptability to future work (ignored if equipment will not 
survive the job). To minimize loading cost. Use self-loading machines where soil condi¬ 
tions permit. Belf-loaders cannot be operated in rocky or sticky soil, in soils with stumps 
and roots, or below water line. Scarifying certain hard soils (Art 4) prior to loading may 
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SOIL PHYSICS AND MBCHANICS 3-03 

be xequireci, Mpeoially for large eetf-Joa^zig eerapttre (2). For date on nsrasouTios or 
XSUnmitNT, ese Contractors & Engintera MorUhly, July, 1931. 

Tine Iosmb el powernilkorela. Studies by Keystone Driller Co list as uivAvoioABUi 
LOSBSS; ■ ohecking grade, moving, blaeting, broken cable, mechanical trouUe, stumps and 
roots, froaen materitd; as avoioabijS lobsbs: insufficaent supply and ineffident operation 
of hauling units, ineffident operator, refueling. 

2. SOIL PHYSICS AND MECHANICS 

Recent studies (3-6) are of value respecting: slopes for undieeted excavations; 

(b] doseness to which excavation can be carried to a building; (e) distance or width 
of bm'm between wprking face and spoil bank; (d) water required for backfilling; 

(e) degree of CMimpacting and settlement to be expected in rolled earth embankments; 

(f) suitability of material for hydraulic fill dams; (j;) design of sheeted trenches. 
"Soil mechanics in present stage of development can be more a liability than an asset to 
an engineer, unless he has initiative and oppcntunity to keep abreast of latest devdop- 
ments by personed contact" (6). 

Classification of soils by U S Bur Public Roads is based on plasticity, moisture equiva¬ 
lent, grain size, shrinkage and swell. 

Aver increase of vol of earth when first loosened: clean sand and gravel, 14%; loam, 
loamy sand or gravel, 20%; dense clay and dense mixtures of gravel and clay, 35%; 
unusually dense gravel and day, as from river beds, 50%. 

Voids. If hard spherical grains 
are thoroughly compacted, the voids 
amount to 26%; if massed as loosely 
as possible, the voids are 48%. When 
measured loose, pit sand or gravel has 
35 to 40% voids. Sand of uniform 
size has 45% voids, measured loose, 
but only 36% when watered and 
rammed. Uniform pebbles have 44% 
voids measured loose; 39% when 
watered and rammed. Clay allowed 
to settle in water has 50 to 79% 
voids; measured loose in the ordinary state, the voids are about 50% (1). 

Quicksand is a hydraulic condition of granular material, where there is sufficient 
movement of ground water through it to lift the particles, so that they tend to fiow upon 
one another. Fine<grained sand becomes "quicksand” much more readily than a coarse 
sand. 


Table 8. Average Weights ef Soils 


Soil 

Condition 

Lb per 
ou ft 

Lb per 
ou yd 

Soil 

Condition 

Lb per 
cu ft 

Lb per 
cu yd 

Sand.... 

Wet 

122 

3 294 

Clay. 

Loose, dry 

70 

1 890 

Sand.... 

Dry^ 

100 

2 700 

Clay. 

In place 

116 

3 132 

Sand.... 

Packed 

no 

2 970 

Clay. 

Compressed 

130 

3 510 

Gravel.. 

Wet 

125 

3 375 

Clayey earth. 

RolM dry 

no 

2 970 

Gravel . 

Dry 

112 

3 024 

Mud. 


112 

3 024 


Angle of repose. The face of a mass of earth when exposed for a time to the elements 
assumes a natural, slops, the angle of which with the horizontal is called the anglb or 
BEPOBK. Values in Table 3 are average; in cohesive materials, they may change markedly 
when the water level against a saturated slope is rapidly lowered (7). Slopes may slough 
due to seepage toward an open cut, and may change when height and wt of bank become 
great enough to displace underlying materials. 


Table 1. Voids in Different Soils 


(D. C. Henny) 


Soil 

Percentage of vdds 

Louse 

Compact 

Wet- 

rammed 

Surface (organic).. 

59 

49 

44 

Fine subsoil. 

54 

43 

45 

Gravel. 

42 

37 

34 

Cearae subsoil. 

55 

49 

46 


Table 3. Slopes and Angles of Repose 



Kind of earth 

Slope of 
repose 

Clay, wet. 

3.5: 1 

Rock, hard (riprap)....'. 

1: 1 

Sand, clay, gravd (suction- 


dredged). 

2: 1 

River mud (suction-dredged). 

3: 1 

Gravel and sand on shores. 


exposed to v/aves. 

7.5: 1 
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StablBty of cohMioiiiMt matexiali (6). 



{a) Denao nnd before 
ebearinc 


iWD^am oand expending 
daring ebw 



(c) Loose sand or fine 
grained soli before 
Sbcarlng 

Fig 1. EfTeot of Shear on Volume of Sand, 
Shown by Groin lUarrongement 


water-eoftened day; (2) 
which become fluid when wet; (3) 
beds of plastic day not far below 
surface; (4) plastic day coatings 
formed on slopes beneath detritus 
by wetting and softening of shales. 
Water lubricates surfaces and in¬ 
creases wt of materials. A homo¬ 
geneous soil may slide when geo¬ 
metric shape of the mass becomes 
unstable, as when a trench reaches 
a certain depth. For each angle 
of slope there is a max heii^t where 
part of the mass dides along a 
surface, which is alwi^ eurred, 
never plane (5). 

Slips in embankments resemble 
landslides. The principal soil pro¬ 
perties governing safety of embank¬ 
ments are: shearing resistance; 
coef of permeability; difference in 
consistency between undisturbed 
and remolded states; and extent 
of stratification and fissures, 
which influence creation of hy- 
drostatio pressure (6). Compac¬ 
tion is aimed to control shearing 
resistance, stratification and per¬ 
meability (Art 9). 

Corrective measures agahsst 
landdides. Ordinarily, removal 
of the shifting material is t^ 
costly. Good drainage is fir^ 
preventive. Landslides have been 
aolted by draining away the water; 
more effective than piling, blasts 
ing or rock-facing dopes (9, 11)'. 
Fimn 1931 to 1934, shdes and 
slips of embankments caused 3 000 


Tbme is a imthsr range of tmoertote 
behavior betwem the loose unstable 
and oompaot staUe state. 
mo aasieiAMon ov sous, important 
in all problems of stalnlityT is influ¬ 
enced largdy by water content (Fig 
1, 2). In general, it depends iqton 
eombined ^ect of oohedon and in¬ 
ternal friction, the cohesive resistance 
bdng independent of any appUed 
pressure. Tests to measure shear re¬ 
sistance be made by the Ersy 
shearing box, obtaining values for 
oohedon and angle of internal ftio> 
tion (8). 

Landslides and aHps are often due 
to geological causM, such as unfavor¬ 
able strata witii moist surfaces. Con¬ 
ditions leading to landdides: (1) cuts 
in tilted strata on downdipping side 
of sandstone, limestone and seflid 
dials beds; nearly vert face left in 
cut in shale or sandstone, from which 
material is precipitated Igr frost action, 
or slippage on interbedded seams of 
accumulations on hillsides of clay silt from decomposed rooks 


WJ/M//////// 


m 


(d) Loom sand or fine 
grained aoll comprewlng 
during obcor 



Pig 2. Dutdacament and Volume 

of Shearing Siren of Sam 


as Fuactiona 


deaths in 13 major disasters, and cost mUlions of dollars (18). 
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.ShHnliMK o< tmbaakinuti baa long been a wbject <rf diacuMicaii, due to lack of «q>eri- 
mental data iuid of an aooepted meaning of the tenn. Shrinkage may be ezpreeeed aa the 
relation of: vol of fresh fiU to that of the same fill after settiement; or, as the vol of an 
excavation to that of the settled fill made from it. A ou yd of earth measured in place 
will occupy leas space ultimately in compacted embankment. The usual allowance for 
ahrinkage, 8~12%, does not apply to gumbo, cemented gravd, or materials from beds of 
streams, all of which are deiue, and their linkage can be determined only by actual 
measurement. Investigations by “Bur of Valuation,** of Interstate Commerce Comm, 
indicate that 9.1% is a minimum, and 14.4% is a closer final aver. These figures were 
modified by a Comm of the “Railroad Presidents’ Conference” which, on basiB of 12 million 
cQ yd of earth raabankment, found an aver of 10.4% initial dirinkage (Table 4), and, after 
complete settlement, 14.4% (see Eng Newa-Rex:, Mch 10, 1921, p 434). 


Table 4. Shrinkage of Earth in R R Fills, as Determined by Measurement and by the 
Rule of *'Bur of Valuation,” Interstate Commerce Comm (18) 


Railway 

State 

Material 

Shrinkage 
by measure¬ 
ment, % 

Shrinkage 
by the 
rule. % 

Method of 
oonstruc- 
tion 

Vol. of 
excavation, 
cu yd 

Ill Cent. 

111 

Dune sand, fine and dry. 

8.BI 

9.1 

A 

256 408 

Nor & West.. 

1 • • s 

Light clay, considerable sand. 







Home mica... 

8.S-9.7 

9.1 

C, D 

124 059 

Cent Vt,... 

III 

Fine, dry sand. 

7.77 

9.1 

A 

96 767 

Nor & West.. 


Some quicksand. 

10.3 

9.1 

C, D 

77 120 

8o Pac. 

Ore 

Silt and coarse gravel, bot- 







tom of large fill. 

10.3 

9.1 

B, C. D 

64 160 

Nor & W'eBt.. 


60% dry sand. 

6.1 

9.1 

C, D 

44 360 

So Pac. 

Ore 

Clayey silt, gravelly in spots. 

10.1 

9.1 

B 

31 660 

So Pac. 

Ore 

Cemented material, clayey. 







mostly cuts; 2.5% rock in 







fill. 

15.1 

8.6 

13 

26 781 

So Pac. 

Ore 

Borrow-pit earth, very clayey 

1.8 

9.1 

D 

It 016 




n. 1 

8.7 

A, C 

9 648 



Vfipv . 

3.5 

9.1 

C, D 

A 

5 572 

Cent Vt. 

R I 

Stiff blue clay. 

12 27 

9.1 

3 047 


A. Unloaded from trestle. D. Teams and scrapers. C. Steam shovels. D. Dump w.iKons. 
E. Carts and horse-drawn oars, dumped from sides and ends of fills. 


3. EARTH-MOVING EQUIPMENT (17) 


Operations: (1) loosening surface; (2) loading; (3) transport and dumping; 
sometimes (4) compacting. Fob loossinino hard ground: scarifiers, rippers, rooters, 
dipper shovels, backhoes and skimmers, pneumatic spades, dredges, steam jets, ex¬ 
plosives, and hydraulic sluicing. Fob ujadino: mechanical shovels with clamshell or 
dragline dippers, push shovels, backhoes, elevating graders, cableways, belt conveyers. 
Fob tbastspobt: wheelbarrows, carts, trucks, cars, graders and scrapers, cableways, 
eonveyers. hydraulic sluicing. Fob coMrAcriNo: rollers, vibrators and drainage operations. 

Hand labor and horse-drawn vehiclas have been generally superseded by mechanical 
equipment, except for minor operations. For large-scale work, the trend is toward com¬ 
plete mechanisation. Cars and trucks are usually mounted on low-press pneumatic tires, 
involving more attention to haulage roads. Power scrapers are more used on short-haul 
work, and their radius may be extended. Diesel is supplanting gasolene power for ail 
except very small units (17). 

Hand work. Few soils can be shoveled without picking or plowing. Light blasting 

is often advantageous. _. .. n. l t • 

Picking IS costly. Table 5 shows fur aver 

duty per man«hr (19). 

A manehoveling 1.4 cu yd per hr of the loosened 
material mentioned in Table 7 can handle only about 
half timt amount if he does his own pioking. 
Advantoce of cheaper means of loosening is obvious. 

Plowing is satisfactory for preceding shovd 
or smaller soraper work. TaUe 6 shows fair 
aver duty of hone-drawn plows. 


Table 6. Rates of Picking, 
Cu Td per Hour 


Stiff clay or oomented gravel. 

Strong heavy smls. 

Loam... 

Light sandy soUe. 


1.4 

2.5 

4 

6 
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Table 8. Rates of Plowlog 


Boil 

Labor 

Cu yd per far 


I driver, 1 bolder, 2 horses. 

50 


1 “ 1 2 “ . 

35 


1 “ 1 “ 2 “ . 

25 


I “ 1 “4-6 “ . 

15-20 

Ordinary sdl.| 

2 men on plow beam of rooter plow) 

1 driver, 6 horses, on gang plow. .. J ‘“ 

40 


Wheelbarrows, of wood, steel or aluminum alloy, generally have steel wheels, soma* 
times pneumatic tires; the latter, with large-diam wheels, reduce traction on soft ground. 
Loads are 2-2.5 cu ft. The lightest barrows weigh 35 lb, empty; the larger, over 90 lb. 
The man holds t/s to 1/3 of the load (17). 

Carts. One-horse, 2-wbeeled, dump carts hold 0.3-0.5 cu yd. On ordinary road loads 
seldom exceed 0.4 cu yd (place measure). With hauls of 300 ft or less, 1 driver can attend 
2 carts by taking one to the dump while the other is being loaded. Cost or cast work 
per cu yd = t/20 hr wages of team, driver and helper on plow; + 2/3 hr wages of labor 
shoveling; + J/^ hr wages of cart horse and driver for “lost time"; + V20 hr wages of cart 
horse and driver for each 100 ft of haul. 

Wagons. Horse-drawn, bottom-dump wagons have nominal capac of 1-2.6 cu yd. 
Bpeed of travel per min (not including delays and rests): poor ro^s, 130 ft; fair ^rt 
roads. 175 ft; best roads, 220 ft. 


Table 7. Loading by Shoveling 


Method 

Cu yd 
per man-hr 

Authority 

Mud into wheelbarrows . 

0.6 

M. Anoelin 

Gravel “ “ . 

1.7-2.7 

It 

Earth “ " . 

1.6-4.8 

iS 

" “ “ , aver. 

2.2 

«• 

• 4 H 4« 

? 8 

Gillespie 

Earth (all kinds) into wagons . 

2.1 

Cole (a) 

(1 

2.0 

D. K. Clark 

Sand into cars from high face . 

1.8 

Gillette (6) 

Plowed gravelly soil into wagons . 

1.3 

•• (c) 

Iowa soil . 

1. 5-2.0 

J. M. Brown 

(* It 

2.8 

(d) 

Clay and gravel into carts . 

1.0 

E. Morris 

Loam into carts . 

1.2 

«4 

Sandy earth into carts . 

1.4 

14 

Loose sand into carta .. 

2.0 

Q. A. Parker 

Clay, tenacious, Chicago . 

1.25 

(e) 

Ilardpan into low dump cars . 

1.5 

Gillette 

Aver earth. . 

1.75 

II 


(a) 10 miles, Erie Canal, (b) 10 000 cu yd bank measurement, (e) 20 OUO cu yd in embank¬ 
ment. (<f) A rush job. (e) Spaded out and handled with forks. 

Railroad cars. Air-dump cars must discharge their loads quickly, with as small lur 
press and consumption as possible, and leave dumped material so that the cars can be 
righted and backed promptly, with minimum labor for track shifting and incidental work 
at dump. Car should be simple in design, rugged in construction, with few operating parts, 
all easily accessible (19). 

Industrial railways are for extensive hauling over a long fixed route, as for R R con- 
etnintion, highways, dams, tunnels, aqueducts, large ditches and canals. Greater flexi¬ 
bility is obtained by use of locomotives, though grades of over a few per cent seriously 
limit wt of oars hauled. Track gage is usually 18, 24 or 36 in; some 42 in. Rails weigh 
8-20 lb per yd, and are in 20, 30 or 33-ft lengths. Second-hand rails and ties often 
serve for short job. Portability of track is important where there is much shifting and 
relaying. Light track is economical, in which ties and rails are assembled in lengths of 
15-20 or even 30 ft, that can be carried by 2 or 3 men; with curved sections, switches and 
turntables, and joints readily fastwed and unfastened. Units can be laid on firm ground 
with little if any grading. Ties may be of wood, but steel saves shifting time (19). 

Track gtadaa. If a locomotive alone can operate on 8% grade, it will haul a train of 
its own wt on only g 4% grade. Hence, practicable grades are determined by the relatione 
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(grade'%'X wt loco) (wt loco + wt of lottded train)* Under favorable track conditions, 
tlie operation of locomotives may appr(»oh tiieoret Mo ooef, but a littie water or grease 
on rails seriously reduce its tractive power (see Sec 11). 

Tnetors (see Sec 27) are mounted on caterpillars or rubber tires; draw-bar pull, up to 
22 000 lb in &8t gear. Rubber tracks, claimed to be good for 5 000 miles, are offered in 
place of metal. Prindpal tractors (1939): International, Caterpillar, Qetrao and Allis 
Chalmers. Horsepower, 22-90; the smaller sises have gas or Diesel drives; the larger, 
Diesel only. Wt, 5 000 to over 30 000 lb, but unit ground loads for crawler-traction are 
Mmited to 6 lb per sq in. Draw-bar pull varies with speed, grade and ground conditions. 
Load should not exceed 75% of max draw-bar pull of tractor in second gear (2). .Uds 
Chalmers, Model 1-U, is a fast, powerful wheel tractor for hauling and road building at 
low cost. Speeds, 21/8-25 miles per hr. OpsaATiNa costs. Studies of Dept Of Agri¬ 
culture, Comdl Univ (1^5), on about 70 machines, of 16-30 brake h p, showed costs from 
26i to $1.12 per hr; aver 50-70fi (19). 

Motor trucks for earthwork are power-dumping. Nominal eapao, 1.5-18 eu yd. The 
rear end rday have wheels or caterpillar traction. 

Dump tracks. Speeds were formerly kept down by governors to about 15 miles per 
hr, but are now generally umestricted. Wt, 11 000-14 500 lb; h p, 75-100. Recent 
special types (“dumptors” mid "iron mules") have a short whed-base, making possible 
quick turns within 15 ft; driver sits behind body and has tmobstructod view to rear for 
reverse running; speed, 10-13 miles per hr in high gear and 3.5-4 in low, in both forward 
and reverse gear (19). Power. Steam has been mostly replaced by gasolene and Diesel 
engines. Diesels have higher first cost and more complicated mechanism, but use cheaper 
fuel and the quantity required by gasolene machines. Elec operation is sometimes 

employed for large-scale work. 

Crawler wagons, developed since 1920, are desirable in soft, wet ground, where soil is 
sticky. They roll and smooth the road surface, instead of cutting it into ruts, as is done 
by motor trucka As many variable factors affect wagon operation, cost estimates must 
be conservative. Skill of operators of the loading machines, and the wide variations in 
character of the material excavated, directly affect yardage output. For crawlers hauled 
by tractors, costa are: 5-cu yd wagon, 45fi per hr; 10 to 13-ou yd wagon, 69^ per hr, exclud¬ 
ing deprec (2). 

Pneumatic-tired, bottom-dump wagons, of 20, 25 or 30-cu yd oapac, will haul greater 
distances, at lower cost, than crawlers or other equipment, providing scale of work justifies 
the investment, and road surfaces are good, with grades less than 5%. A Cletrac No 80 
tractor, with 25-yd wagon, will haul an aver of about 72 cu yd per hr to a distance of 
2 000 ft, the rate of work being affected by sixe of shovel, skill of operator, extent of swing, 
vert lift, and soil conditions. A 25-yd wagon costs about $8 750 fob; cost of operation, 
about 84ff per hr, including deprec (2). Two wagons are sometimes hauled in tandem. 

Scrapers drawn by tractors can dig economically to depth of 24 in and transport 
several hundred ft, provided ground has been cleared and grubbed (Art 4) and is free of 
boulders. There are many forms: as wheeled and carryall scri^iws, bulldozers, trail- 
builders, self-loading wheelers. Limit of haul, 200 to about 1 400 ft (2) (see also iisec 27). 

Graders have a cutting blade between front and rear wheels. Capac, 1-12 cu yd. 
They may be pulled by tractors of 16-80 h p, or proiieUed by their own power (usu^ly 
about 50 h p). Mounted on 4 steel wheels, or 4, 6 or 8 rubber-tired wheels. Blade or 
moldboard, 7-16 ft long, 12 ft being usual, with a height of about 18 in, is adjustable in 
height and tip. Wt, from 1 400 lb for towed graders, to 17 000 lb for power machines. 
Speeds of power graders, usually 2 miles per hr in low gear, 19 miles in high gear, with two 
intermediate gears and reverse (2). 

Bulldozers an tractor scrapers with a very strong blade, arranged to be lifted 3-3.5 ft, 
and lowered 5-6 ft below ground levd. Wt, 3 600-6 600 lb. Capac when loaded for 
shoving, 2-4 cu yd; h p, 30-70. Speeds, 120-240 ft per min. After depositing load, return 
is made with blade raised, at about 240 ft per min. Cost, $750-$! 825, fob. The blade 
is movable only up and down. “iSaAixaviLDBB" blade can be angled horiz, vert or moved 
• up and down (2). Cost, $900-$2 750. 

Carryall scrapers, on pneumatic tires, pick up loads singly or in tandem, and travel at 
high-gear speeds. They are operated by a power-control unit, which obtains power from 
tractor drive shaft and transmits it by cable to the working parts. Single carryall scrapers 
require 2 drums; cable from one drum raisespr lowers bowl in loading and unloading, the 
ot^r operates front apron and tailgate in unloading and spreading. For tandem opera* 
tion, a 4-drum unit is needed (2). Lb ToimNBAU cakrtali. is mounted on large pneu¬ 
matic tires, and has TirakSn bearings. Alloy steels of great strength and resiliency are 
used, minimizing the-wt. Capac is large because: (a) the expanding bowl carries the soil 
back into the bucket during loading, so that the tractor can put toon effort into outtingi 
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(6) entire wt of body be applied to the’ oUttiaK edge; (e) front apron, tidlgate and 
telescoping bucket facilitate loading; (d) the operator can instantaneoutiy ^just eotting 
depth, or raise the blade to avoid stumps or rooks, or avoid stalling motor in deep cuts. 

Self-loading, aingle-ttnit aeraper will load seamed rocky matc^al without blairting. 
It is adapted to hauls of SOD-2 000 ft. Sises, 5, 6,10 and 12 ou yd when l^ped. Cost, 
$2 400 for 5-yd sise to $S 225 for 12 yd, fob. 

Self-loading whe^ scrapers are adapted to longer hauls than ordinary scrapers; up to 
200-1 000 ft. Capae is small, 1.5 and 2 cu yd. They are hauled singly, in tandem, or, 
under favorable conditions, in threes. Cos^t, $800-$! 150, f o b (2). 

Fresno scraper, the oldest type wheel scraper, was. formerly dlrawn fay horses, now 
usually by tractors. Capae, 0.75-3^5 cu yd. (1938), $130-$450. 

Spreaders. Western spreader oar is hauled on 36-in ti-ack by locomotive. Designed 
for spreading' material dumped from R R cars. Body and frame are of wood, strongly 
brac^ and ironed; trucks, of I-beams. It has steel-faced oak wings or blades, 16.5 ft 
long, with removable cutting edges, and will spread 7 ft from outside of rail. Long wheel¬ 
base of Model U carryall, with split-second cable control, gives great accuracy in spreading. 

Bdt conveyers (see Sec 27 for details of construction and applications). For earth 
work they are important as accessories to dredges, trench excavators uid elevating graders. 

Power shovels (Fig 3) were first mounted on crawlers instead of R R trucks in 1911. 
In 1939 practically all except those for R R service have crawler mountings, which exert 
hearing press on ground of only 0.72-1.08 ton per sq ft, and require no auxiliary mats. 
Dippbrs usually have capae of 2-3.8 cu yd; occasionally up to 15 yd. Manganese steel 
is largely used for lips and dipper teeth. By welding to the teeth hard wearing surfaces 
of stellite, or an alloy of cobalt, chromium and tungsten, life is increased more than ten 
times. Buckbts are self-filling (clamshell or orangepeel); or hand filled (turnover or 
bottom-dump). The orangepeel may exert more digging force and is heavier than the 
clamshell. Capae, 0.5-3 cu yd; corresponding weights 2 000 and 7 000 lb. Clamsbells 
of 16.0 cu yd have been built. Turn-over buckets hold 0.5-1.5 cu yd; shape, cylindrical 
or cubical. Exact placing of material is impossible with them. Bottom-dump buckets 
are of 1-3 cu yd; seldom used. Dredge buckets can be used with any type of engine 
having 2 drums. Advantage of orangepeel or clamshell bucket on a crane over a dipper 
shovel is that there is practically no limit to digging depth; whereas the depth for dipper 
shovel is limited (Fig 3). 

Excavators with booms. Most power shovels with dippers smaller than 2.5 yd have 
interchangeable booms, so that with delay of a few hours they can be converted in the field 
to plunger shovel, a backhoe, dragline, or clamshell. Plungers are lighter than dippers 
of same capac and hence have greater cycle speed. Dipper shovels fill buckets by a 
“crowding" (pushing) motion; baokhoes (backdiggers, pullscoops, ditchers), by pulling 
toward the machine, the bucket being thrust forward by an auxiliary handle. Skimmers, 
plungers and scoops fill bucket by pulling it away from shovel under the boom by a cable, 
and carry load to dumping point by raising and swinging the boom. Operations are more 
restricted than those of a dipper shovel. See Sec 27. 


Table 8. Operating Speeds, in Seconds, of Dipper Shovel 



Loading 

Swinging 

Dumping 

Retxirning 

Total 

Maximum.. 

■rajH 

7.5 

5.75 

7.25 

36.5 

Average- 


6.0 

2.4 

6.2 

24.2 

Minimum .. 

■Hi 

5.25 

2 

5.5 

19.75 


Minimum may be expected in poorly blasted rock and max in dry earth (21). 

Table 9. Digging Radios of Revolving Shovel, S4-ft Boom; 14-ft Dipper Handle; 
Caterpillar Tread; 1 yd Dipper (Fig 3) 


Boom angle 
with horns, 
deg 

Height of 
•lump, 
dipptf door 
open 

A 

Radius ol 
dump 

C 

Digging 

radius 

D 

Radi SIS 
floor level 
cut 

E 

Center 
rotation to 
point 
to boom 

G 

45 

14' 2" 

2y 6" 

■FBTBB 

19' 9" 

21' 11" 

55 

17' 2" 

21' y' 

K2H 

16' 7" 

ir 9" 

60 

ly 6" 

ly ir 

■SK9H 

15' 0" 

17' 0" 


Oamdiells and oraagepeels, suspended from a crane, fill the buckets solely by dead wt 
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•nd impact; draa^ina fills by the pulling motion of oaUea toward the machine. Modem 
equipment is designed for quick change frmn olamsheU to dragUne. 

]^h shovels can d% compact soil, where dras^nes, damshells and orangepeels would 
be uneconomical. Their “crowding" motion is of first importance. 

(Indey Mfg Co, Indianapolis) will work on steep hillsides. BaoK'HOs (puUscoop, or 
trench hoe) is an inward>arc digging bucket, carried by a handle pivoted on a boom, and 
dumps by raising handle until contents discharge by gravity. It is used for excavation 
bdow grade; especially adapted to trenching. Capac, 0.75-2 cu yd. WUt dig to depth 
of 25 ft, but can be swung horis like a shovel for excavating levd areas. It can cut through 
hard slate, shale, blasted rock, or a foot of frosen soil. 



Fig 4. Erie Dragline Scraper 


A (angle of boom). 

B (clearange lift of 3/4 yd bucket). 

C (radius of boom). 

D (faeight boom). 

E (approx, depth below grade)..., 
F (approx digging radius). 


20* I 

1 30* 1 

1 40* 1 

50 

o 

II' 

10" 

IV 

y' 

26' 

2" 

3r 

O' 


r 

4y 

4" 

iV 

9" 

3y 

y 

ly 

8" 

27' 

2" 

34' 

0" 

1 sr ly 

2V 

0" 

20' 

0" 

20' 

0" 

20' 

O' 

54' 

7" 

51' 

4" 

48' 

9" 

4y 

y 


Dragline scraper (17) is widely used, but cannot dig accurately to grade. The bucket 
is operated from a crane boom, and its digging radius is considerably greater than boom 
length (Fig 4,5). There are sevOTal types of scoop, and, as they are lighter than clamshells. 



Geed operator can threw buefcat 
aOtedOft beyead and of boom, 
dapandiag on siso of ntaehiao 
awl woskiag eendhiOBat 


Poonble Reach of a Large Dragline 




less power is required. Advantages: (a) the wide reach of a long boom; (h) reduces 
amount of labor and equipmmt by combining digging, elevating and conveying in a stn^e 
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xaaehiUw soatroUed by oo« operator; (e) small lifting force needed while buoket is filling, 
power for loading being applied in a nearly straight Uae from winding drum; (d) nearly 
aU the engine power is available iot catting through obstructione while filling the bucket. 
Bange of digging with Q.75>yd bucket is about 14 ft boriz and 17 ft vert; dumping heisd>t, 
about 18 ft. Booms up to 160 ft have been used. Dragees are e^dally useful for 
moving soils say 500 ft, with a tower excavator, or belt or other conveyer, close behind. 
Under aver conditions, a 150>ft boom dragline can excavate and place for lOf! per cu yd 
<m 300-ft max movements; for 500 ft, 14;i. With belt conveyer, cost is a iittie more to 
excavate end place, but less to haul. Cable replacement is a large item of expense; may 
be 50-80% of total; careful handling is essential. Plow<eteel cable, 6 X 19 Long lay 
(see Sec 12) is recommended. Drum diam is 400-500 times that of individual wires. 


Table 10. Dimensions of Dragee Scrapers 


(Averages from catalogs of well-known mfra) Trautwine, 1937 Ed 


Capae, cu yd. 

Boom length, ft. 

Dumping reach of boom at 25°, ft. 

Added throw beyond dumping reach, ft.. 

Dumping reach of boom at 40°, ft. 

Max height, boom lowered, ft. 

Depth of out, ft. 

Pull on bucket, ton. 

Dragline speed, ft per min. 

Rotating speed, rev per min. 


0.5 

0.75 I 

im 

1.25 

2.5 

! 5 

1 . 

30 

38 

40 

40 

85 

i 155 

32 

39 

42 

42 

92 

164 

13 

13 

13 

13 



15 

20 

21 

22 

45 

71 

11.5 

12 

12 

15 



,14 

18 

19 

21 

58 

75 

6 

6 

10.5 

12.5 



no 

100 

116 

no 




5.25 3.5 3.5 2.25 



Trenching machines are of wheel or ladder type, the buckets in both revolving towards 
the machine. Buckets deliver to belt conveyer, discharging on one side of trench. Depth 
of trench for bucket-wheel machines is 8-12 ft max; width, 12 in up. Speed in ordinary 
soil is claimed by makers as 1.25-4 ft of trench per min; in exceptional cases, 5 ft; partly 
frozen ground may slow it to 0.5 ft. Depth of trench for ladder trenches is 12-20 ft; 
width, same as for bucket-wheel machines. Trenching machines are especially suitable 
for widths to 4 ft (see Art 5). 

Cableways for trenching are strung over line of trench, handling a number of buckets loaded by 
men in trench. Formerly much used, and are still useful for deep digging, and where excavated 
material cannot be stored alongside. 

Elevating grader (17) is a combination of plow and belt or bucket conveyer, on frame 
carried by wheels or caterpillars. Plow cuts a furrow about 1 ft wide, and 6-7 in deep. 
Moldboard delivers material onto lower end of a small conveyer or elevator of changeable 
inclination, 14-25 ft lung, belt being usually 42 or 48 in wide. Conveyer is at right angles 
to direction of motion, extending to right or left, and upward for loading wagons moving 
alongside and keeping pace with it. The machine may be hauled by tractor, and con¬ 
veyer operated either by separate power unit, making belt speed control easier, or by a 
“power-take-olT” from wheels or tractor, which is simpler and lighter (for details, see 
Sec 27). 

4. METHODS OF EXCAVATION 

(For dredging, embankments, trenching, ditching and hydraulic handling, see Art 7-9) 

Clearing, grubbing and stripping. is the cutting of trees (generally leaving 

2.5-ft stumps') and their disposal, together with brush. Idling stumps tmd roots is termed 
OBUBBiNo. Stbivpino IS the shallow excavation and removal of toi>-soil oontaimng 
organic matter; where backfilling follows laying of pipes, etc, top-soil may be stored nearby 
for use as dressing on barren backfill. Clearing and grubbing are especially necessary 
where graders and scrapers are to be used. Roots and small brush interfere with all 
machines except power shovels and dragline excavators, which do their own grubbing. 
Cost of grubbing is difficult to estimate, as local conditions are extremely variable. 

Methods of grubbing: (a) by tractors and bulldozers; (b) burning, blasting and 
pulling stumps; (c) by scarifiers. Grubbing by hand is uneconomicsd, but stiU practiced. 
In cold regions, if large roots are cut in fall, winter frosts may heave stumps and lessen 
work of removal. If standing trees are pulled over after partial grubbing, their wt in 
falling will break roots difficult to reach, and lift stump out of hole. 

Blasting stomps (16): (a) expose tap root to depth of say 18 in and bore a hole in it 
with wood augw, more than half through; split a dynamite cartridge, pack well into the 
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lx4s, and tamp with moist day: (b) place 2 'or more oartridcee at least 2 ft below surface 
of ground, and dose against the tap root. To place a heavy charge for a large stump, ^e 
bottom of the hole alongside the stump may be enlarged by “springing”' it with a light 
charge of one-quarter cartridge. For more than one hole, a blasting machine should btt 
used to explode all simultaneously. A charge under middle of a stump having large 
lateral roots may merely split the stump. For large stumps, charges iwe often plao^ 
under each heavy root. Single charges under small stumps should be placed considerably 
below the butt, so that the cushion of earth will distribute the force, and prevent splitting 
the stump. Fresh, fibrous-rooted stumps are harder to blast than those that are decayed 
or have tap roots. For sound stumps, charges of 40% dynamite are given in Table 11; 
iae green stumps, multiply these by 1.6-2; for decayed stumps, use less than shown. 


Table 11. Dynamite Required to Blast Stumpe 


Diam of stump, in. 

■Pi 

18 

24 

30 

36 

48 

60 

72 

40% dynamite, Ib. 

mm 

0.75 

1.12 

1.50 

2.25 

3.75 

5.25 

8.25 


For western fir, pine and cedar stumps, in firm deep soil, use 1.5 lb of Judson (eon- 
tractor's powder) per ft diam of stump, up to 4 ft; for larger diam, 2-2.5 lb per ft; in gravel 
or loose ground, 2.5-3.5 ib per ft. For stumps 8 ft or more in diam, the charge of Judson 
powder in lb ■= diam of stiunp, ft. 

Burning stumps. Soil is dug away, partly exposing largest roots. Brush and logs 
are piled about stump, and kept burning until it and larger roots are consumed. This 
method is good for rotten stumps, difficult to blast or pull. Cbab-pit method consists 
in placing, brush or kindling around stump and covering all with clay and sod, leaving 
sm^l openings for admission of air; stumps should first be split, by exploding dynamite 
in sbip-auger hole in center of stump. A portable gasolMie engine and Mower are useful 
in burning large stumps, and may be more economical than grubbing or blasting. 

Pulling stumps is done by hand, or horse-drawn machines, but chiefly by tractors. 
Though dower, pulling may be cheaper for a single stump than grubbing or blasting. 
Pulling is facilitated if stump is first shattered with small blast. Small trees, singly or in 
groups, can be torn out by fxactors; such trees diould not be cut, aa it is more difficult to 
make fast to small stumps. 

Disposal of stumps in cut-over forest land costa as much as grubbing. It is best to 
Mast first, using only enough powder to shatter stumps and loosen their hold, and then 
IHill and collect them with a winding engine; 1 200-1 500 ft of rope will reach all stumps 
on 5 acres at one set-up. Rope is carried over a gin polo, about which stumps are piled 
and then burned. Brush land may be cleared by heavy, tractor-hauled plows, but con- 
sideraMe hand labor is necessary to gather and remove deMis. 

Loosening. Efficiency is gained by blasting frosen crust, particularly in dra^ine work, 
and it is generally best to “dig in," and have a good working face before frost comes. For 
winter blasting, non-freesing explosives are essential. It is economical to loosen heavy 
soils by scarifiers (see below); their use ahead of scraper shortens loading time. On aver 
hauls, one tractor and scarifier can keep ahead of 2 or 3 tractor and scraper units (2). 

Scarifiers have a series of vert teeth, side by side on a bw; may be used instead of blade 
of grader or attached to rear of a road roller. Types: bipfeb is useful for breaking hard¬ 
surfaced roads and general surface work, in conjunction with large scrapers. Rooteb 
resembles a harrow with 3 to 9 teeth, and digs to depth of 2 ft. It is mount^ on 2 wheels, 
2-3 ft ffiam, and pulled by tractor. 'Wt, 2 500-8 000 lb. Valuable in preparing hard ground 
for graders, dislodging stuipps, or breaking up concrete; they frequently obviate Masting 
frosen ground (2). 

Loeoening by explostves. Hardpan is economically loosened by charges of low-grade 
dynamite, or Judson (contractor's) powder. Holes, except in high banks, should be at 
45” to tile vert. Horis holes in face of a bank are elective. For details of chamber and 
ooyote-hole Masting, see Sec 5. 

Thawing frozen ground may be done by burning gasolene or coal oil, or by use of time, 
steam jets, or wood fires, viround frosen too hard to be excavated by a trench macMne. 
can be softened spreading small pieces of lime along the line of proposed trench, eovnrins 
them with manure or straw, and pourkig on hot water to slack the lime and liberate the 
heat. Clay, frosen so bard to deptii of 34 in that stones embedded in it could be sheared 
off without loosening them, has thaw^ by jetting holes with a VHp P>P« connected 
by hose to a boiler. In each hole was inserted a i/s-in capped pipe, with 4 l/s-4n holes 
bored in it, and steam forced in to thaw out the surrounding ground (10). 

Bet water thawing is mote Monomioti than steam for working frosen gold-tMncing gravela. In. 
the Yukon disteict, Aisska, a 3d>bp pump, with 44n intaJw and 3-in discharge, delivered water Sit 
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40 Ib prws th»otisfa a l-iii no>al«; OOOOsalof wat«r warausadtnraraadOTar. Tba vwtw waa tapt 
at a temi< of 160* Fab by dbohargiaK the pump axhauat into the auetion aump. In Ip ha thia 
thawed and broke down 176 eu yd gravel (aee alao Bee 10). Colo watbii haa aiao been uaed. 

&uik Uaatiing. In hanl, fsmnented msterinl, dynamite is better than Uaok powder; 
in soft ground, the latter is more economical. With very high banka the bottom idiould 
be blown out and the top allowed to drop. Charges should be placed so that the line of 
least resistance is horia. With banks 50 to 150 ft high in cemented gravel, the i«agth of 
mom drift should generally equal ^/s the height of bank. Cross drifts are driven parallel 
to the bank face, their length dep^ing on length of face to be Masted. Powder charge 
for aver conditions is about 0.4 lb per cu yd of ground. (For further details, aee Sec 5.) 

^lasting at the propwty of the Milton Mining and Water Co, Sweetland, Cal, during 3 yean, 
required an aver of 0.382 lb Judson powder per ou yd. The top gravel had been washed off, leaving 
banks (ueually hard and oemented for 60 ft, but soft above) from 60 to 160 ft high. In some 
parte, 8.3 to 8.5 cu yd were shattered per lb of powder. 

In soils difficult to pick, blasting may be economical. Sxoavate by picks until a face is formed, 
and make vert 1.5 to 2.25-in boles in a line back of tbe face with pointed bar, chum drill, or auger. 
Depth of holee should be a little less than the height of bank, distance between them being 1.5 timea 
line of least resistance (Bee 5, Art 5). In the formula B = CR^, B » charge in os, and R line of 
least resistance in ft; the “rook ooeff*’ C should be determined by trial. For loam, conglomerates, 
and orffinary soil, using 30% dynamite, C is usually nearly 0.6. Holes in frosen ground should be 
“chambered” (Sec 4, Art 8). 

< Loading. Elevating graders and power shovels, with dipper or backhoe equipment, 
are favored for large-scale work. For earth cuts the tractor-wheeled scrapers are used. 
Elevating grader will load for about 5^ and power shovel for 7i per cu yd, not including 
waiting time of hauling equipment. Cost of spreading, watering and rolling is about 7^; 
of hauling, 0.75|! per cu yd in place, not including road maintenance. The dragline scrai>er 
is always economical for excavating large, shallow areas. 

Influence of depth of cut on power-shovel costs (23). Unit cost of excavating with 
DiPPBB SHOVEL in sballow cuts may be 2 or 3 times more than for medium depths, ^tpnt 
is greatest in cuts between 4 and 12 ft deep, where full dipper loads can be taken by each 
crowding and hoisting movement. Latest type of plomoer shovel also works best at 
depths of 4-12 ft, but has an advantage in working speed, because the boom and scoop 
assembly, size for size, weighs nearly 6 000 lb less than standard boom and dipi>er. Time 
studies indicate 10-14% faster work than dipper shovel. For depths exceeding 12 ft, 
it is generally best to resort to benching. Power-shovel dblats on 51 highway opera¬ 
tions: hauling equipment, 9.9%; moving shovel and repairs, 18.6%; weather, 14.9%; 
miac, 20.2%. Effect of material on time for loading dipper: good earth, 5.6 sec; eai^ 
and some rock, ceinontod material, S.4 sec; poorly-blasted rock, 10.3-16.7 sec. 

Following figures are for work of Bucyrus steam shovels under favoraUe conditions. 
No. 20-B, loading blue clay and sand into fa'ucks, 93.5 ou yd per hr; road grading, 
overcasting, digging clay, roots, stumps and rocks, 50 yd per hr; toad work in solid 
limestone, poorly blasted, 34 yd per hr. No. 30-B on road work, loading earth, rook and 
some shale, 130 cu yd per hr; partly loading in cars, partly overcasting, clay and laminated 
limestone, 70 yd per hr. Loading in wagons, very stiff clay, 60 yd per hr. 

On R R grading in West Va (23), 4 Lorain gasolene crawler shovels with 1.25-cu yd 
dipper, loaded trains of four 4-nu yd dump cars in 3 min, dumping at height of 17-18 ft. 
Output per 10-hr shift, 1 000-3 000 cu yd; distance hauled on each aide of out, about 
1 OOio ft. Much of excavation was in rock or hard shale, reqtiising blasting. 

Power-shovel costs for general grading: s/s-cu yd dipper, 23.3^ per yd; 7/g.^5u yd 
dipper, 17.7-19.2ff per cu yd. 

Selection of hauling equipment. For short hauls and large-scale work, tbe combined 
excavating, hauling and placing unit, like the elevating grader and drag^ne Bcri 4 >w, are 
deeirable. Fot long hauls, bottom or side-dump crawler wagons, and especially traotm^ 
drawn pneumatic-tired wagons holding 3-25 cu yd, are economical. New developments 
are the 24-cu yd wagon, mounted on 16 large low-press tires, and the pneumatic-tire 
tractor luiit, with trailer wagon. Th^ are speedy, but require solid roads; can not run 
on very wet earth surfaces (17). Apply to makers for tables of economic hauls for the 
different machines. 

Blevating grader. If soil is free from rocks and sttimps, a motor-driven, 48-in grader, 
pulled by a Cletrac tractor, will load on aver a 7-cu yd wagon per min, where the plow can 
work to its full depth and loading is done without turning; or a 10-13 yd wagon in 1.5-2 
min (2). 

freeno ecraper (sliding), in absence of ledge rock or boulders larger than scraper open¬ 
ing. will haul more dirt per dollar invested and at lower cost than any other excavaUH, 



EARTH EXCAVATION 


S-14 


within a di>tanoe of 200-300 ft. and is wid^ used for removing overburddn, strippiog, and 
cutting down grades. Tha 0.76-yd sise can handle 15 ou yd per hr on 200-ft haul, at about 
89^ per yd; a 3.5-yd Fresno will handle 70 ou yd 200 ft at about 13.5(! par cu yd, all 
in^ding deprec (2). 

BoQdozer, in leveling dumps or moving dirt on short hauls, is a closer competitor of 
the Fresno, within the same distances, and is useful for similar work. Hard material 
most first be loosened. Experiment determines best speed to avoid spilling. They are 
effective for sraraping down slopes as steep as 35%; and, if gear is right, they can back up 
the grade for next load. On 200-ft haul, capac is 13-40 ou yd firm dirt per hr, at cost trf 
20-47)1 per yd for bulidoser and Cletrac motor, including deprec. These figures are 
conservative for good soil and level grades; capac increases on down grades, and decreases 
on up grades (2). 

Observations in 1934 indicate that aver load transported from cut to fill under ordinary 
conditions varies with length and shape of blade, and grade and i^aracter of soil. Loads 
on the 4 bulldosers in Table 12 often fluctuated as much as 100%; smallest loads, about 
2 ou yd, largest 4 cu yd (16). Recent improvements, permitting independent vert move¬ 
ments of either end of bulidoser and also lateral movement, make it easier to keep exca- 
vati<m in proper condition, and to riiape slopes at proper angle. 


Table U. Operation of Tractor-powered Bulldozers (16) 

1 

1 

2 

3 

4 


3 731 

511 

800 

560 

Cu yd placed in fill. 

li 74\ 

i 655 

1 622 

1 352 

Rate, oil yd per hr. 

66.4 

57 

35.2 

44.1 


3.15 

3.24 

2.3 

2.41 

Loading diatance, ft... 

30 

40 

26 

39 

upAACif ft. pAT MO ..... 

2.4 

2.4 

1.4 

2.7 


166 

216 

309 

232 

Haul itpefidf ft per aeo. 

3.7 

3.2 

3.2 

3.1 


200 

260 

340 

275 


2.3 

2.5 

4.7 

2.5 

Average down grade, per cent. 

26 

17 

II 

20 


Table 13. Operation of Large, Self-loading Wheeled Scrapers 



1 

2 

3 

in 

5 

6 

7 

8 

Rated capac, ou yd. 

3 

6 

8 

4 

5 

4 

4 

5 

Condition of equipment. 

Good 

Very 

good 

Very 

good 

Very 

good 

Very 

good 

Fair 

Good 

Fair 

Number of trips timed. 

212 

269 

132 

145 

54 

56 

3 200 

963 

Loading distance, ft. 

75 

116 

144 

80 

86 

92 

100 

38 

Loading speed, ft per sec. 

2.3 

1.8 

2.0 

2.1 

2. 

1.8 

2.0 

2.3 

Hauling distanoe, ft. 

180 

327 

290 

210 

372 


300 

237 

Hauling speed, ft per sec. 

2.9 

3.5 

2.8 

3.0 

3.2 

3 

2.5 

3.3 

Return distance, ft. 

254 

405 

449 

280 

450 

1 450 

400 

275 

Return speed, ft per see. 

Dumping time, see. 

3.2 

10.4 

3.8 

3.8 

3.7 

3.8 

46 

4.7 

34 

5.5 

II 

2.7 

10.4 

Turning time, sec. 

Load carried to dump, in per- 

18 

22 

20 

24 

27 

22 

20 


oentage of full load. 

Aver pay yardage, in percentage 

95 

75 

50 

90 

61 

75 

90 


of rated load capac. 

57 

45 

35 

54 

37 


53 

44 


Nora.—.‘Scrapers 1 to 5 were on same job; and 1, 5, 8 and 7 were of same make, but workins 
under different eonditiona. Seraper No 7 worked in winter, when materials were wet and etioky. 
For such eoiis, crawler wagona gre preferable. 


Coat of excavation by self-loadittg wheeled acrapera, hauled by tractor, is 13-18^ per 
ou yd, including deprec, but eariurive of hand labor. Tandem scrapers have been largely 
replaced by pingle units of greater capac (2). The^ are especially adapted to cut-and-fiU 
work on hauls of less than 2 000 ft. 

Cableways (17) are suitable for large-ecale work. Except where movable towers are 
used, irregular topography, swamps and bodies of water are no obstacles. . They require 
no earthwork, no bridges, and their operation is unaffected by weathn. On some recent 
gov’t projects, single loads of 15 tons or more have been handled. For derign and details 
Zt construction, see See 26. 
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6. TRENCHING AND DITCHING 

Band labor is still used for smail-ecale jobs. Cost depends on eharaoter of soil, number 
of boulders or other obstructions, presence of water, and depth and (somewhat) on the 
width of trench. In trenches over 4 ft deep, some soil must be shoveled twice: first, to 
surface; thmi, as ^il pile grows, back from edge of trench. In trenches 6-12 ft deep, 
soil must first be thrown to a staging about halfway up, thence to surface and finally, 
back from edge. For depths of 12-18 ft, the soil must be handled 4 times. Timbering 
of deep trenches slows up rate of work. 

Trenching machine, resembling a very small chain-bucket dredge, can operate satis¬ 
factorily in narrow trenches, where soil is free from large stones; always leaving vert walls, 
and therefore applicable only to stable, dry soils (24). 

Power shovels for trenching (with dipper, plunger, backhoe, or damshell) are sup¬ 
ported on timbers spanning the trench (Fig 6). As their wt comes directly on the banks, 
they can not be used in 
soft ground unless the 
walls are sheeted and 
braced. The diovel must 
usually be stopped while 
the trench is being sheeted, 
and the consequent delays 
materially decrease the 
output. Trenching ma¬ 
chines, though not subject 
CO this delay, cannot dig 
in such difficult soil as 
power shovels. 

Dragline can dig 
trenches and ditches to 
depth of about 20 ft, and 
to any width greater than 
about 30 in; best adapted 
to wider work. Sloping 
banks are readily made, 
thus eliminating need of shoring and bracing. In soft, wet soils, as when the ground-water 
level is very near the surface, draglines can operate at about the same cost as in dryer 
ground. In wide ditching, it is far cheaper to use dragline and slope the banks, than to use 
trenching machine or clamshell, and shore the sides; added, cost of moving a larger vol of 
earth to obviate need for shoring or bracing is negligible. Under bad soil conditions the 
dragline can deposit the spoil far enough from edge of trench to insure stability, which 
can not be done by trenching machine (24), 

Trench sheeting. All deep trenches left open more than say a day should be sheeted. 
In fluid sands, cross bracing follows theory. In other soils, many practical shorers place 
heaviest braces near top rather than at bottom; for, if a wedge starts to slide from surface 
its center of thrust is t/s depth below surface. 

Cableways (Sec 26) can be used to advantage for trenches 6 ft and wider. A cable- 
way on 30-ft towers, 300 to 400 ft apart, handling 1-cu yd tub at a time, is good in either 
soft digging or rock, as no part of the machine is carried on Ae side ban ks . Tubs can be 
loaded at any point and swung as much as 10 ft to the side. Engine and 1 tower stand on 
a car or rails; the other tower stands on the ground, and inust be lowered for removal to a 
new pdsition but can be readily shifted as work advances. Outfit, weighing about 19 
tons, can be loaded on 1 R R car. 

Backfilling is generally done by bulldosers or backhoes. Cost depends on: condition of 
soil (whether frozen, wet, packed, or dry); means employed; amount of tamping 
required. When back-filling and tamping are done by hand, work per man-hr is 1-3 cu yd, 
aver 1.5 cu yd; most compact tamping (clay excepted) is obtained by casting soil into 
water; for thorough dry tamping on large-scale work, use power tampers. 

Ditching by explosives, if properly done, will excavate and spread the material over a 
distance, and is economiosl in dry or wet ground, or soil under water. The flow of water 
is depended upon to dean out the bottom. In stiff clay or hardpan, holes should be 
26 in apart, in loose mucky soil, 30 in apart, and are punched or bored to within 6 in of 
desired depth of ditch. Strongjy sodded soil is cut with a spade along side lines. For 
methods of eharging and firing dynamite, see Sec 4, 5. Holes are best blasts^ simulti^ 
neously with a magneto; or plac^ 18 to 24 in apart and exploded by concussion from a 



Fig 6. Trenching with Power Shovel 
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alddte hole, detonated by fuse and cap; 20% dynamite is co’dinarily need, or 40% in 
etitf, tffiiacioua aoii. For ec^ aoft at top, hard at bottom, use 40% dynamite in bottom 
of eharge and 20% above. 


6. STRIPPING (37-40) 

For Btripping and other openout work economic methods are of utmost importance. 
M«re effective excavating machinery is how making opencut mining possible where 
underground methods only were formerly feasible. 

Elevating grader for coal stripping in Kansas (33). Overburden, 16.5 ft aver depth, 
was removed in strips 60-75 ft wide, alternate strips 40 ft wide being temporarily left 
untouched. One side of cut was kept vert; the other sloped 1 ; 2. Intervening strips 
were excavated after the coal firdt stripped was mined, and as much ae possible of the 
material from them filled into adjoining excavations. Equipment: elevating grader and 
tractor, and 8 3-horse, 1.5-cu yd dump wagons. Crew: engineer, steersman for tractor, 
machine man, S drivers, dumpman, man and team for water wagon, and stableman. 
Duty: 750-800 cu yd per 9-hr day. 

Striping by draglines. In Florida phosphate mines (49), the booms were at first 
136 ft long, with 8>yd buckets, using Diesel engines. Since 1920, boom length has been 
increased to 168 ft, with 10-yd buckets, electrically operated. In excavations about 
210 ft wide, each machine handles 600 cu yd per hr; throe 8-hr shifts, 3 men per shift. 
Hydraulic mining (Art 7) of the phosphate pebbles follows close behind draglines, so that, 
by hauling back to starting point, the draglines place material from second cut in mine^ 
out area of first cut. In Mich, 1914-15, 1 200 000 cu yd of overburden 60-100 ft deep, 
were stripped from an iron deposit. Two draglines loaded 206 000 cu yd into cars in 
1 month (3S). For data on large strippings in Penn anthracite district, see Bib (42) and 
Sec 10. 


7. HYDRAULIC EXCAVATION 

This method originated in California for excavating gold-bearing gravels. For 
BTDiuvuc MINING, piping, “giants" (monitors), and ground sluices, see Sec 10. Hy- 
dnulic methods are here considei ed only for moving material in ordinary excavation, as 
for hydraulic-fill dams, embankments, and grading (33). 

Hydraolicking is essentially a loosening operation, attacking the material on a nearly 
vert face, with high-press hydraulic noszles, and is obviously suitable only where earth 
is moved downgrade. Ample water supply, either gravity or pumped, is essential. Cen¬ 
trifugal pumps (Sec 40) are generally used. For gravity supply the head may be several 
hundred ft. A head of 80-100 ft may remove the material, but 200-600 ft heads are often 
needed for effic cutting. Quantity of water is determined by head, use of nozxle and rate 
of work. Water delivered by hydraulic giants is approx: 

Diam of nosale, in. 1 3 6 9 

Flow under 20(i-ft bead, cu ft per min 33 250 1 500 2 700 

One 8-in nozzle, unng 3 600 cu ft per min, has excavated 800 cu yd per hr; but, a num¬ 
ber of small nozzles are sometimes more effective than a single large one. Sluices for 
transporting mixture of water and earth usually require a grade of 4%. Proportion of 
solids that water will carry is from 6 to 20%; aver, 11-12% (Sec 10). 

Stripping by sluicing and hydraolicking (^). Fig 7 shows layout for an ore deposit in 
MesaU district, Minn. Overburden was sluiced into a nearby river so long as the differ¬ 
ence in elevation permitted. Afterward, a hydraulic giant undercut the overburden, 
wadiing it throu^ a rough sluiceway to sump, whence a centrifugal sand pump delivered 
it 1 000 ft throu^ 12-in pipe to river (Fig 7). Giant was supplied by pumps of 3 500 gal 
per min »ted capae, immping throu^ 1 500 ft of 12-in pipe. The oentrifugtd pump 
(capac 5 000 gal) requir-cd rare to keep it at proper speed to de^ with sump inflow. Over¬ 
burden, of unconsolidated glacial drift, washed eariiy fund work was done cheaply. In 
another case (35), from 3 to 6 ft of loam, sand and gravel were washed off a shale deposit 
by 2 giants, with normal wafer press of 115 lb. Crow: engineer, fireman, and 2 men on 
giants. Aver duty, 2 OQO eu yd per 10 hr. Cost. 2^ pw cu yA 
HydnuUc-fifl dams. With enough water, a sufficiently high working face and grade 
to convey mixed earth and water, dams can be built more cheaply (and as wdl) by 
hydraulicking than by ordinary methods of embankment with rojling and taming. 
Water ^ ddivered by pump or gravid to a htdbAuzjo giant or MONrron; preas at nozide, 
7^-900 Ib'^ sq in; vdoo, 100 to 2Q0 ft per aee; vol 8-20 hu ft per aeo. When water is 
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•owes WMM inagr b« lad to mmp or eUiifying baain. and uaed agaio. Soil, after beinf 
looaaaad by mo^tor, ia oanried by duioea to pipea or flumea aad dunoa to dam. Baak 
ht>m 'wbidi earth ia waahed muat be at bibber alevatioa thaa oraat of dam, grade to dam 
baiag at leaat 2% for fine matariala, aad 6 to S% for ooana, heavy staff. Design aad 
eoaabrnotion ot hydrauHo-fill dams should be under expert aupervidcm (52). Thne have 
beea oonapieuous failures. 



Fig 7. Layout fw Hydraulic Stripping (36) 


IToftbem Paciflc R R embankoiaat. A number of trestiM were filled by tbe hydraulic method. 
In 8 oaeee, where there waa a gravity eiipply of water, the cost was 4.70^ per cu yd. In one case, 
pumidng was neoeseary, making a cost of 13.5^ which included clearing of dense forest growth. 


8. DREDGING 

Dredging is required to deepen waterways for navigation or flood control, and to 
procure sub-aqueoua material for land filling and levees. It is done by a floating equip* 
ment, except on narrow channels, where draglines or walking dredges are used. Mud, 
ailt and sand are easiest materials to excavate, but, if mini^ed with much water, repetition 
of work ia sometimes needed; or, with disproportionately larro quantities of water, aubse* 
quent separation may be troublesome. Sand, silt and graves are easy to dredge; sticky 
clays will adhere to buckets, and may clog suction orifice or pipe line; indurated days or 
hardpans may have to be Masted before dredging (17). • 

Depth and width of cut determine type of dredge. Distance of transport of dredged 
material is important, often requiring long pipe4ineB, or use of scows and tugs. Sometimes 
material must be rehandled at an intermediate point. Pmnanenee of work is a con¬ 
trolling factor. Isolated jobs may justify use of any available dredge that can do the work, 
even if poorly suited to it. But, in general, tbe plant should be closely adapted to work 
in hand, and have high operating e$o (19). 

Types of dredges r dipper; grapple or grub-bucket; ladder or bucket-levator; 
hydraulic or suction. Those having bxmkers or hoppers for carrying dredged material 
BN “hoppw dredges” (35). 

Dipper dredge is essentially a power shovd mounted on a scow. There am 3 classes; 
for drainage and irrigation ditches; for deep water and harbor improvements; and for 
imujil work. Ditching dredges an small, with narrow hulls and telescopic bank spuds; 
canid dredges have narrow hulls and side floats; deep-water dredges, for depths to 50 ft, bn 
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■MMrally of large nw> wrtA apuds operated by independent eai^baee. Wooden tnilb gn 
oommon. but steel huUs are now favored (See 10). 

■ Orapide dredge ie a floating dprriok, with ciamshell, orangepeel. or other type of 
grab bucket. It serves for very deep water or in confined places. The largest have . 6 .-yd 
buckets, 225-ft booms and can dump 400 ft from digging point. Un4er suitable conditions 
they are very economical, requiring only a lever man, oiler and fireman per shift. Digging 
depth is limited only by length of wire rope on hoisting drums; but, in depth, the bucket 
may not settle and take its load at the exact place desired; the bottom is ther^ore umally 
very uneven. Grapple dredge is not good for hard material, unless previously Inoken. 
Clamshell bucket is most useful in soft ground, stiff mud, sand and gravel. Orangepeel 
buckets are adapted to dredging boulders and blasted rock (IB). 

Ladder dredge (widely used for gold placer mining, Sec 10), is 0 >od in sand and gravd, 
if not too fine; will handle indurated clays, shales, and even soft or broken rock and hard 
pan, when depth is too great for dipper dredge. It cuts its own flotation (19). 

Hydraulic or suction dredge is a scow, carrying a centrifugal pump with a suction pipe 
reaching to the bottom to be excavated, and a discharge pipe to place of deposit. Usus^y 
powered by Diesel-elec engines, or straight Diesels. In all except the easiest materials, a 
revolving cutter at mouth of the suction pipe is required for loosening the soil. Special 
advantage of this dredge is its ability to convey excavated material long distances. It 
is largely used for sand, silt, mud and clay, in open water. Gravel and small stones may 
be dredged with aid of the revolving cutter, and a large dredge will handle stumps, loose 
rock and other debris. The discharge pipe is often supported on pontoons; flexible joints, 
with a small amount of movement at each, allow the dredge to move freely. Pipe lines 
10 000 ft long have been used for embankment work. Bottom-dischabgb oatbb are 
important for the land section of pipelines. The heavy material (coarse sand and stones) 
rolling along bottom of pipe, can be discharged through small gates without disturbing 
the main flow. This coarse stuff will stand at relatively steep slopes, forming dikes, 
behind which liqtiid filling is deposited (47). 

Hydraulic dredging for a million-yd fill (42). 100 000 on yd of sand per month pumped by 

15-ia centrifugal pump, to fill a 65-aare site to depth of 6-16 ft. Aver proportion of solids to water, 
12.6%; max, 27%. Max length of discharge pipe, about 5 000 ft; no booster pump; total lift was 
cloee to dredge through a steeply-inclined section of pipe on trestle to point of discharge. Thie 
arrangement minimised formation of “plugs" in pipe line, and faeilitated their removal; nearly 
all Btoppages cleared in less than 40 min. Dredging for Chesapeake and Delaware Canal involved 
excavation of over 16 000 000 cu yd of earth (48). Deepest cut, about 95 ft, nearly all by suction 
dredges, with revolving cutter heads. Most of the spoil was lifted 80-95 ft. 

9. EMBANKMENTS AND DAMS 

(See Art 7 for bydraulic-fiU dams) 

Railroad embankments are generally made by filling from old treaties. A ditching 
machine, with 16-yd dump cars may be used for jol>s to 5 000 cu yd; steam shovel for 
larger work. Shrinkage is usually 12% when fill is placed by wagons; to 15% when 
dumped from cars. Embankments are often compacted by wetting, harrowing, and 
rolling in thin layers. Unstable material beneath embankments may be removed by 
Masting, to hasten settlement (see du Pont Co's circular on this subject). 

Embankment placed hydrauiicalljr (41). In 160 days, 821 000 cu yd of fine sand were placed 
by a suction dredge with cutting bead, pumping through 24-in pipe. Pump, operated by two 
500-hp eleo motors, gave discharge veloo of 12-15 ft per sec; volume at times reached 1 000 or yd 
per hr. Total runoff of sand from embankment was about 250 000 cu yd, adding 30% to vol 
handled. Length of discharge pipe was 4 000 ft. working from dredge alone; booeter pump used for 
an additional 0 000 ft; an exceptionally long distance. Pipe carried on pontoons wu No 7 gage, 
riveted, with clip jmnta; No 10 gage elsewhere. 

Compacting earth-fill dama (14). For sand and silt, rolling is usually better than 
tamping. Best moistui^ content is just below saturation; layer thickness; 12 in; best 
rolling equipment, a heavy crawler tractor, followed by a “sheepsfoot” tamper ( 2 ), or.a 
disk roUer; 6-8 passes of the tiractor over a layer produce desired density. 

Vibrating machines, sometimes used, are expensive (Eng News-Record, July 23, 1936). For a 
recent (I9S7) Western dam, a central impervious core was built in e-ih layers, sprinlded to maintain 
moisture content at about 16%. Core compacted by 12 or more passes of “sheepsfoot" roller, 
giving a ptesa of 250 lb per sq in. 

Change in volume by compacting. On an earth dam, where a mixture of earth and 
gravel was hauled in wagons and sprinkled and roU^ in 6-iii layers, it was found that 
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materiil ^ghiog 116.5 lb per ou ft in its natural bank, only 70.6 lb per on ft aa 

dumped looo^ by wagons; that is, it sweUed 46%; after oonscdidation by roUing in thin 
layers, it weighed 133 lb per ou ft, a shrinkage of 12%. An exception to the general propo* 
sition that earth oan be compact^ to less than its oripnal volume is dry clay, particularly 
sdien taken from deep pits; it absorbs moisture from the air, and oceupieB more space 
in embankment than in its original bed (33). 
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EXPLOSIVES 


1. CHEMISTRY OF EXPLOSIVES 

Uadarlying prfatciplM. The power of an exploeive to do work depends upon the foots: (a) that 
a small volume of explosive is capable, under certain conditions, of changinc into a large volume 
of gas at high temperature, and (h) that this change takes place almost instantaneously, resulting 
in the development of great expansive force at the moment of detonation. In the case of black 
blasting powder, a mixture of sulphur, charcoal and sodium or potassium nitrate, the nitrate supplies 
oxygen for combustion of the sulphur and charcoal. The decomposition of blank powder, once 
started, therefore proceeds without need of oxygen from the air. The case is somewhat different 
with nitroglyoerin, a compound of carbon, hydrogen, and nitrogen, which is explosive in itsdf 
without requiring admixture with other substances. When detonated, it is decomposed into COs, 
nitrogen, and water, which at the high temperature of explosion occupies at atmospheric pressure 
about 1 000 times the volume of the original nitroglycerin. 

Ingredlgnts and their propertieB. The common ingredients of high explorives are 
given in Table 1. The term “ explosive base ” in column 3 covers, besides compounds 
explosive in themselves, certain compounds which are not explosive alone, but become so 
when sensitised by some such substance as nitroglycerin. 

Note. Throughout this section, nitroglycerin will generally be designated by N O, and other 
ingredients of explosives by their ohemioal symbols. 

Reactioiig. When carbon bums in presence of an excess of oxygen COt is formed; 
if there be insufficient oxygen for complete combustion, CO also is formed. When car¬ 
bon in lumps bums in air, combustion is slow; but if in form of dust the reaction is veiy 
rapid, and may result in explosion. The ingredients of black blasting powder (S, char¬ 
coal and niter) are finely ground, and thoroughly incorporated, to bring all parts of the 
combustibles into close contact with the oxidizing ingredient, thus favoring rapid and 
complete combustion. 

When black powder explodes, the reaction is: 


2 OENO 1 + 30C + 

10 8 - 

6 !£l 2 COs "f" K 2 SO 4 -f" 

3 KaSi + 

14COa + 

loco + 

10 Ns 

Potass 

Char¬ 

Sul¬ 

Potass 

PotBM 

Potass 

Carbon 

Carbon 

Nitro¬ 

nitrate 

coal 

phur 

carbon¬ 

ate 

eul- 

phate 

trisul¬ 

phide 

dioxide 

mon¬ 

oxide 

gen 

Solid 

Solid 

Solid 

Solid 

Solid 

SoUd 

Gas 

Gas 

Gas 


The explosion is accompanied by evolution of heat, which expands the gases to a very 
large volume, resulting in high pressure. 

When nitroglycerin explodes, the reaction is: 

4C8Hj(NO»)i - 12COj •+• lOHjO + 6 N* -f- O* 

N G Carbon Water Nitro- Oxygen 

r dioxide gen 

Liquid Oae Vapor Qaa Gas 

The intense rapidity of this change is illustrated by the fact that, if a pipe 5 miles long 
were filled with N G, and a blasting cap were detonated at one end, the entire column 
would be converted into gas within about one second. 

Dynamite consists es<)cntially of a mixture of NaNOt, wood meal, and N Q. The 
NaNOt may be replaced by KNOs, the wood meal by flour or sawdust, and even a por¬ 
tion of the N G by other organic compounds or by NH 4 NOS. The solid ingredients are 
not BO finely'divided as those black powder, nor so thoroughly incorporated; hence, 
the mixture would not bum so rapidlir except for the N G, the extremely rapid explosion 
of which BO accelerates combustion of the other ingredients that the whole mixture explodes 
much faster than black powder. Taking a dynamite of the composition: N G, 40%; 
NaNOi, 46%; wood meal, 14%; and assuming that wood meal has same ultimate compo¬ 
sition as pure cellulose (C|Hi(iOi}«, the reaction of e]q>losion is: 

2 CiBt(NO>)s + 6 NaNOt + C«HioO( » 9 COt 6 Ni -|- 10 HtO + 2 Oa + S NaaCOi. 
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Table 1. Ingredieste of High Ezplo^vee 


Ingredient 


Ghent symbol 


Function 


Semarke 


Nitroglycerio. 

Tetr&nitro-di-glycerin. 


Ethylene glycol dinitrate.. 


Nitrocelluloee (g^uneotton). 


CiHsCNO,),. 

CsHioNiOji. 

C*H4(N0,)2. 


Nitrostoroh. 

Organic nitro-compounda. 


(C*Ht(N0»)80j)* 

(C6H7(N0»)*0*), 


Ammonium nitrate. 
Potaaeium chlorate, 


Fotaasium perchlorate. 

Liquid oxygen. 


Sodium nitrate.... 
Potaaeium nitrate. 
Wood pulp.. 


Wood meal. 


Ground coal. 
Charcoal... 

flour. 

Sulphur.... 

Chalk. 

Zinc oxide.. 
Kieaelguhr.. 


NHiNOj. 

KClOj... 


KC10«. 


NaNO». 


KNO*. 


S. 

CaCOt. 
ZnO..., 
SiOj..., 


Explosive base 
Explosive base 

Exploaive base, 
and to reduce 
freezing point 
Explosive base 
and gelatiniz¬ 
ing agent 
Explosive base 

Explosive base, 
but used pri¬ 
marily to re¬ 
duce freezing 
point 


Explosive 
bases and 
oxveen 
carriers 


Highly volatile 


Oxygen carrier 


Oxygen carrier 


Absorbent and 
combustiblo 


Absorbent and 
combustible 

Combustible 

Combustible 

Combustible 

Combustible 

Antacid 

Antacid 

Absorbent 


Liquid, highly exploaive 
Viacoua liquid, highly exploelve, 
practically non-freezing 
liquid, higlily explosive, aomewbat 
volatile, non-freezing 


Solid, highly inflammable, 
explosive when dry 


and 


White powder, highly inflammable 
and explosive when dry 
Some solid, others liquid: the 
higher nitro-compounds explo¬ 
sive, the lower non-explosive in 
themselves 


Solid, difficultly explosive alone, 
vei'y soluble in water 

Soluble in water, highly explosive 
when niixed with combustible' 
matter 

Difficultly soluble in water, highly 
explosive when mixed with com¬ 
bustible matter 

Carbonaceous matter in oontaet 
becomes highly inflammable. 
Most sensitive when absorbed 
by lampblack 

Soluble in wrater, nut explosive 
alone, deliquescent 

Soluble in water, not exploaive 
alone, not deliquescent 

Best combustible absorbent; in 
highest grades equal to kiesel- 
guhr in absorbent capacity 

Fairly high absorbent capacity 


Has no value except as absorbent 


Gaseous products of explosion. When explosives detonate, they usually form a 
mixture of solid, liquid, and gaseous products. The solid products may include sodium or 
potassium carbonate, sorlium or potassium sulphate or sulphite, where sulphur is present 
in the explosive, and calcium carbonate, etc. Nearly all explosives, except black powder, 
form large quantities of water, becoming vapor at moment of detonation. Smoke con-' 
sists of the solid products in a finely divided state. Gaseous products are of most impor¬ 
tance to the miner, sinoe they determine character of fumes after a blast, and provide the 
ruptive force. (For products of different expletives, see Sec 23, Mine Air.) 
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With th« BIclw! pratno* (1) it is poaalble to dotooato on oxplooivo in n doiod ohombor, to 
withdrow a nniplo of tho gaaes forngiod by tbo oxplosion, and to dotormine their oomposltion. The 
gHM produced by a 40% straight gelatin under these conditions have approximstely the foUoiring 
oompositioni as ^termined experimentally: CO|, 57%; Njt 42%; Og, 1%. Fumes given off by 
any explosive fired in a vacuum do not correspond with those &ed under strong confinement. 
The material blasted may greatly change the character of fumes, father by entering into the reac¬ 
tion, or by exercising a cooling ^ect on the ex:^osion. Presenoe of water or high humidity also 
may alter the fumes produced. The composition of the gsses varies with different explosives. 
In some oases there is a small amount of free Oi,<aa in example cited above; in others, no free Og 
but varying amounts of CO and Hg. CO is poisonous, and serious or even fatal consequences may 
result from the use of explosives which produce large amounts of this gas in places where ventilation 
is poor. See TaUe 2 . 


Table 2. Fumeg, Special Gelatin 60% 


Tested in Biohel Bomb; no confinement other than bomb itself. Total gas — 5.35 ou ft per lb. 



By% 

m 

Cu ft per 

1 1/4" X 6 " 
cartridge 


By% 

Cuft 
per lb 

Cu ft per 

1 V4"X8" 
cartridge 

CO|. 

47.1% 
1.5 
xiii 

2.52 

1.23 

CU 4 . 

0.7% 

1.2 

0.04 

0.02 

go’.. 

0 08 

0.04 

H 28 .. 

trace 

traea 

Oi. 

nil 

nil 

NO*. 

nil 

nil 

nil 

. 

3.6 

0.19 

0.10 

N,. 

45.9 

2.46 

5.35 

1.20 

2.62 


Some states have passed regulations requiring makers of explosives to mark their 
containers according to the fume class, which refers to amount of poisonous gas 
(CO and HjS) in cu ft per IVs" X 8" cartridge, when tested according to standard pro¬ 
cedure of U S Bur of Mines. Fume Class 1, less than 0.16 cu ft; Fume Class 2, 0.16 to 
0.33 cu ft; Fume Class 3, 0.33 to 0.67 cu ft. 

Fume Class 1 includes; Straight Gelatins, 20% to 60%: Ammonia Gelatins, 30% to 75%; 
Ammonia Semi-gelatins (less than 123 cartridges). 

Fume Class 2 includes: Permissible gelatins and Semi-gelatins; Ammonia Dynamites, 15% to 
60%; Low-density Ammonia Dynamites (not dipped); Class A Ammonia Permissibles; Straight 
Dynamitss, 10% to 30%. 

Fume Class 3 includes: Low-density Ammonia Dynamites (dipped); Class D Ammonia Per- 
nuBsibles. 

Explosives oomplsring with the requirements of Fume Class 1 may be used in underground 
workings free from combustible gases and/or combustible dust without specific application by the 
operator to the Industrial Accident Commission. The Commission also provides that the explosive: 
( 1 ) has not deteriorated by prolonged or improper storage; ( 2 ) is properly charged and stemmed 
with non-combustible stemming; (3) docs not have a burden so heavy that it will be liable to blow 
out: (4) is not overloaded; and (5) that the mine is properly ventilated. 

Before blasting, men must be removed to a safe distance from the face, and shall not return 
until the poisonous gases have been cleared. Explosives complying with the requirements of Fume 
Classes 2 and 3 shall not be used underground unless the operator has made specific application to, 
and shown to the satisfaction of, Industrial Accident Commission that ventilation is adequate. 

Character of fumes from an explosive is affected by conditions under which explosive 
is used. When dynamite bubnb instead of detonating the fumes arc entirely different 
from* those formed by detonation, and contain large amounts of oxides of nitrogen and 
CO, both poisonous. Burning of dynamite in a drill-hole may result from improper 
mode of charging; for example, if the fuse bo passed through a cartridge, the dynamite 
may be ignited by side-spit of fire from fuse. Blown-out shots are apt to produce noxious 
fumes; well-tamped shots are least apt to yield them. W'hen dynamite is so charged that 
maximum amount of useful work is done, the fumes are least harmful. 

Ammonia gelatins, straight gelatins and semi-gelatins give the least vol of noxious 
fumes per Ih of explosive. The ammonia dynamites are next in order and the straight 
dynamites are the worst All of these give off much worse fumes when fired unconfined 
than when tamped with adequate stemming. 

2. HIGH EXPLOSIVES 

» 

General classification ot ez^oslTea. There are two general classes: (a) the different 
tsqnkli of black blasting powder, and (b) high explosives. Black powder is a mixture of 
cooibustible and oxidising ingredients, no one of which is explosive alone; high explosives 
atwsys contain an ingredient which is explosive in itself, at least when sensitia^ by proper 
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t newiUfc Beenue ai tliia diffweaoe in composition, Ugh explosive detonates vritii much 
greater-rapidity than black powder; hence, tite great rending and shattering effect of high 
explosive, even when unoonfined. It is a common idea that high exi^sives “ dioot 
down,*’ while Uaok powder “ ehoots up.” This fallacy arises from tiie fact that the slow 
black powder, when exploded unoonfined on top of a rock or other object, does no damage 
to the rock, but dissipates into the air; while the quicker high explosive, under same con¬ 
ditions may break the rock benrath it, even without confinement other than that of the 
atmosphere. All explosives exert equii pressure in all directions. 


Table S. Claasiflcation of High Explosives 


Principal types 
t. Straight dynanfite. 

2. Ammonia draamite.. 

3. Straight gelatin. 

4. Ammonia gelatin. 

5. Bleetins gelatin. 

6 . Granulated dynamite. 


Essential ingredients 

Nitroglyeerin, sodium nitrate, and wood pulp 
or other combustible material 

Like I, with addition of ammonium nitrats 

Nitroglycerin, nitrocotton, sodium nitrate, and 
wood pulp or othor combustible material 

Like 3, with addition of ammonium nitrate 

Nitroglyeerin and nitrocotton 

Sodium nitrate, sulphur, and coal, sensitised by 
nitroglyoerin 


7. Siieoial explosives 
for coal mines.. 


Gelatin permissibles. Used in 
very wet work, espeoially 
for "lifters” where coal is 
cut at roof 


Ammonium nitrate class 


Similar to 3 and 4, containing ammonium chlo¬ 
ride and sodium chloride to reduce the temp 
of detonation 


High percentage of ammonium nitrate, with low 
percentages of nitroglyoerin and wood pulp 


8 . Ezploeives not con¬ 
taining nitrogly¬ 
oerin. 


Ammonium nitrate dass. 
Nitrostaroh class. 


Chlorate dass. 


9. Liquid-oxygen explosives. 


Ammonium nitrate, with small amount of 
organic nitro-compounds 

Nitrostareh, sodiiun nitrate, ammonium nitrate 
and combustible material 

Potassium chlorate or perchlorate, with organic 
substances 

Liquid oxsrgen and finely divided carbon 


Note. Low-freesing modifications of nearly all dynamites and gdatina are also on the market. 
They have same essential composition as the above, with additional ingredients which cause them 
to remain unfrosen for a long time at temp far bdow freesing point of other N G explosives. 


Properties. The different types of high explosives (Table 3} vary widely in their 
properties. Some are exceeding quick, others relatively slow, still others intennediate 
in quickness. They also vary in density, from the heavy gelatins to some of the coal- 
rmne powders, which are very light. High explosives arl graded according to their 
strength compared with straight dynamite, the only type in which the grade strength 
corresponds to actual percentage of nitroglycerin contained in the explosive. The other 
types make up their strength by use of nitro-substitution compounds, explosive salts and 
guncotton. 

Straight dynamite containing only N G, NaNOt, wood meal, and an antacid (Table 1), 
is taken as the standard for determining strengths of all types of dynamite. It is more 
or less pulpy, easily crumbled when -wrapper is removed, obtainable in different sti'engths 
up to 60%, very quick, fairly waterproof, and the most sensitive of the dynamites. A 
60-lb case contains 100 1^/4 by 8-in stic^. Straight dynamites are suitable for work 
requiring strength and quickness, where water conditions are not too severe; not recom¬ 
mended whm-e ventilation is poor. High explosives made from tetranitro-dig^ycerol have 
a fireering point of —35° F. 

Amtn ntila dynamites have explosive base oonsisting of N G and NH4NO1. They ore 
of same strengths as straight dynamites, but slightly dower and less sensitive; ore not 
easily ignited by flame, and, hence, not liable to be lighted by dde-qiit of fuse. Because 
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of tbe adubility of NH^^Oi in water, .they require more care in wet work than atraight 
dynamitea. 

Straight gelatins are distinguished by plasticity, hi^ density, impervlorisi»ss to 
water, and comparative freedom of their explosion products from noxious fumes; good 
for wet work, or where ventiiation is poor and where a " permissible explosive *' is unnec¬ 
essary. They contain guncotton dissolved in N G, making a jelly vdiich coats the soluble 
ingredients, and imparts to latter its own characteristica* 

Ammonia gelatins are somewhat similar to the straight gelatins in plasticity, density 
and fumes, but they do not stand water quite so well. 

Blasting gelatin is a tough, elastic, j^y-like mass which, except for 1% of antacid, 
consists entirely of N G and nitro-cotton. It is the strongest and most water-resisting 
of ail explosives. 

When loaded to fill drill-hole completely it is excellent for hard rock, eepetially where large 
holes can not be drilled. Uwing to its elasticity it is difficult to make it ffil the holes completely; 
whence, a lose of efficiency. Best results are obtained if explosive is charged with wrappeis on; 
it can then be pressed in to fill the hole, without so much tendency to spring back uid leave unfilled 
Bpaoes. When soft and plastic, blasting gelatin ia no more dangerous than other exploBives, but 
when froaen it should be handled very carefully. It is dangerous to break frozen aticka of blaating 
gelatin. Use of a proportion of ethylene glycol with the glycerin, nitrated, makes a satiafactoiy 
low-freesing Blasting Gelatin. 

Orsaulsr dynamites are mixtures of NaNOa and combustible dope in form of bard grains, with a 
axnall percentage of N G. They arc free runumg, especially the lowest grade, known as R R P, 
containing 5% N G, which is in grains nearly corresponding in size to FF blasting powder. R R P 
dynamite is usually packed in paraffined bags, containing 121/3 lb. Granular dynamites are 
eloweet of all dynamites, approaching black powder more nearly than other high explosives; not 
well adapted for wet work, but resist water better than black powder; especially useful for stripping 
work in sprung holes end fur loosening sand and earth. 

Trinitcotpluene (TNT) is a brownish, yellow powder, the higher grades melting at about 80° C. 
It w chiefly used as a military explosive, occasionally as a freezing-point depressant in commercial 
explosives. TNT is about ns strong as 60% Straight Dynamite, but, owing to very great oxygen 
defidency, its explosion produces so much CO that it cau not be used underground where ventilation 
is poor. 

Picric acid has been used as an explosive. It acts somewhat like TNT, but is uncertain in its 
behavior and has the added disadvantage of staining everything with which it comes in contact a 
bright yellow. Neither TNT nor picric acid stands water very well. 

Coal mining explosives. Permissible explosives, formerly called short-flame or safety 
explosives, should bo used in mines containing dangerous amounts of inflammable gas or 
dust. They have been tised in the U S since 1902, when 11 300 lb were sold. In 1913, 

. 27 686 771 lb of permissibles were sold; in 1936, 47 859 019 lb; in 1943, 90 845 344 lb. 

** Permissibles.** At the Pittsburgh testing station of U S Bureau of Mines, coal¬ 
mining explosives are tested to determine whether they meet definite requirements for 
safety in “ fiery ” mines. Those which pass the proscribed physical and chemical tests 
are classed as "permissible” explosives (27), lists of which are published at intervals. 

The testa include firing " blown-out ” shots into explosive mixtures of gas and air, coal dust and 
air, or gas and dust with air, in a steel gallery. Explosives which do not cause ignition of such 
mixtures, and are also satisfactory as to chemical composition, stability, sensitiveness, and volume 
of poisonous gases evolved, are conaiderod " permissible," when used under prescribed conditions. 
These explosives are recommended by U S Bureau of Mines for use in collieries, and in some states 
are required by law for dangerous mines. Bureau of Mines bulletins describe methods of testing, 
results, and fees for testing explosives (21, 27, 30, 43). 

Claesiflcatioa of permiBsible explosives in the US: (a) ammonium-nitrate explosives, oontaiaiag 
NHeNOt as chief ingredient, are insensitive to shock, free from liability to ignition from side-spit 
of fuse, and produce small amount of noxious fumes; (h) hydrated explosives (now obsolete), in 
which the desired reduction of temperature results chiefly from water of erystallization of salts 
included in their composition; (c) explosives of the org.snie-iiitrate (other than N G class) include 
nitrostarch’explosives; (d) nitroglycerin class compiises those containing N G which are not included 
in the other classes, and are now obsolete, the gelatin permissibles being far superior as to water 
resistance and freedom from fumec. In each class are explosives of widely varying properties, and 
the selection of, a suitahl.. " permissible " depends largely upon local conditions (24, 27, 43). 

V •'}' 

High «kffl0«ive6 not containing N G usually contain no liquid ingredient which can 
freeze, a dedded advantage iii ooid climates. They are usually lacking in plasticity, are 
often ajc^etMtat dusty, and have the disadvantages of low density, low strength, and low 
^jsenaitj^aeim. They can itot be used indiscriminately instead of N G explosives, but are 

nitrc-Ji-glycerin and ethylene glycol dini- 
lycerin explosives, but will resist freezing 



purposes. 

mt^ng explosives, made from tetra- 
milar in nroperUos to other nitrofi 



BLACK 


atr tcmyyemtcttw ^ tmwim poi^ «f i^troj^porM^ tfm jen^iw 

twiroa^ii ter or ymk*^ afi tmcw^tHirw «»|Qttr>aa f~35'*.P, 7b<^ arc mucQ wfienor 

to 43l<Mipit08» bovine tb» brvatiAi by tbo a4diW «f .^aiI«-•eo^tAUa<«pq»r 

pQ¥l|M^• an4 bave proAtiooUy jlone away wi^ tha necessity tbawing explosives any- 
ojbw ia tbe Btuted States. - , , . « 

'Uwl4’<ayian ^vioibraabava not bejpt stiecslBsful in undeirgcooiui worb in the C S. 
altbouii^ uacKl in inw. tp^ea in bom&ah.' They are sIs^^tiiHkl extensjivelte^ coal 
attfpplag in the Middle West, where lat|^e blast* are nuule in the overburdep. ^ey are 
fimd with eleotrie blastcnKeaps. or Primac^d. < Great care must be taken ia their tMW« aa 
bba oxygw^ oansesthe grass pr other oombustibiwmaterial around the operation to baebme 
exi^m^y inflftEuenabie. Their principal ^vetttiage ianhaiMPness; disadvantagee are that 
tbter must be fired in a relative^ short time after the cartridges of finely divided carbon, 
lamigi black or gas black are dipped in. ibA bguid qxygstti and strength of the cartridge 4s 
extremely variablsL They ana morg SsfbsIti’Ve to ill^j^t than, apy other coaaXMroial 
higb explosive. ^ . 

. They are fired with either fttse or decide blasting cap, but care must be taken that the 
Squid oxygm does not run dopm the fuw, as it is liable tQ explode prematurely. ,They 
have been used with someBucoess in very large caitridges in well drill-hofes for quknying, 
and in Lorraine, France, in the iron mines, largely owing to the fact that foi a tune they 
esflaped the governmoit tax <m explosives (14, 15). Chlorate of potash or sodlfim'with 
a liqtdd nitro*aromatie (*' Rack>a-Rock ") is still used in some parte of ^Hd> It 

has to be prepared imtii^ately before using and it becomes unstable with afp, , . . ‘ 

* * • 

Testing high SXplosivsB. 'tVhile laboratory tests, however elaborate, cap not entfrely rmlaoe 
practical field teats, in determiainx relative value of different exploaivee for any partieiilar worb, 
they can aid in eeleotion, if earned out with suitable apparatus^ and Iw oompetent persons. l!(o 
single apparatus or test is sufficient, einoe the praotioal value of an explosive depends upqn p^any 
factors. Borne of the more important factors, determinable in n wefi-equippeo IaborStor;^i are: 
StnxwolcX; determined in the ballutie martXr (fi, IQ) or hi the DruCkmesssr. Qinexkwbfi of 
velooity of detonation: determined by tbe 
Biohel (1) or the Dautnebe method (10). 

BTUBMotti and QtncKMXBB eombined: deter¬ 
mined by the *^0081 lead block test (2). 

(Note. For a discussion of the DrUek- 
measer, Trausl, and ballistic mortar t^te, 
with companson of results, sSe Rep Eighth 
Internationsl Cong Applied Cbem, N Y, 

Vol 26, p 217) Baxbty in gaseous and 
dusty minea: determined by means of h 
testing gallery, as at the testing plant of 
the IT S Bureau of Mines, Flttaburgh (03). 

OTBan Factohb are: propagating power, 
density, resistance to water, resistance to 
(reeling, stability, and sensitiveness to 
impact. Density of high expldaives Is gen- 
eraUy ezprrased in number Of 11/4 by 0*in 
oartridges per 50-lb core. Fjg 1 and Table 

4 show the relation. Fig 1. Stick Count of Cartridges Mr Density 


Table 4. Approximate Number Cartridges per 60>lb Case 


Sue of otge* 
in 

Straight 

dynamite 

Ammonia . 
dynamite ' 

.35%. 

' gelatin 

60% 

gelatin 

Semi-gelatin 

(high'densityT 

> Senni^eietin 
AoBity) 

7/a X 8 


220 

. .167 ' • 

178 • 

. 204 ' 

■ ‘ '234 M.. 

-1. X 8 


167 

.132 . r 

, 142- , 

156 

'... ,l?8^ 

1 V8X 8 

1?7 

137 , 

HIT' 

n« 

130 

m • 

11/4X8 

102 

IIO 

, • 

.96. 

, 105 , 

. 120 

1 Vs X 8 

75 

70 



75 

86. 

2 X 8 

42 

45 

■' 3'4 

. ... , Jy 


48 


\ 8. MACK BLASTmO IfOWDER 

A ** ’ U«Bthig i!pow'4«r (sal^ter) ds • made from KNOf, eluu>coal, md- '■suhihiui'^ 
In the approximate proportions of 76,15, and 10. It is'ttsed mainly m quaptying; lor Malibu 
iug herd uimensidn etonoi Olid lor tMM'k'iit'datttp dfimatea' ■ 

:■ B ** blasting powder (eoda)' is nmde from NaKOt. chatcoal; and <«ldphdr,'dnnthd 
appMxtmate propotttona t>f 72i 16,'-dad iSl, ' 'Beoause ^-dta'lhwef cost “ B 
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mon wntnmnwty ooed **»fn “A” powder, is soffidoatly etrang formort dw purpOMi 
for which Uack powder* are tued. Owkig to deliqueaoent property of eods Biter, “B" 
p<^er ia leas deaiimUe for tue ia damp olimatea, and for long traiuportation or atoraga. 

Importaat propertioa. Blaok 
powdM- ia not made in different 
atrengtha like dynamite, but variea 
in quiokneaa, depending upon dsa 
of grain. Clsaaea **A*' and "B” 
are of different granolationa. For 
“A” powder the common aiaea 
are C, F, FF, and FFF; for "B” 
powder, CCC, CC, C, F, FF, FFF, 
FFFF. The CCC grains, repre- 
aenting largest eiae and rardy 
used, are about i/s in diameter; 
FFFF grains, the amaUeat, are 
about i/ia in diametw. 2 

ahowa the aiaea to acale. 

The finer granulations are quicker than the coarser, and are used for Usatiug rook, ooking ooal, 
etc; the coareer granulations are alow and are used for other coals, shale and earthwork, or wherever 
it is denraUe to heave out the material iu large pieoee, instead Ot shattering it (see Art 0). Blesting 
powder ia either glased (polished) or unglased. Qlased powder is brighter, and more free-running 
^an unglased, and is more generally used. Glasing does not increase effic and produces more 
smoke. The ep gr of Uaok powder varies from 1.5 to 1.9, usually about 1.8. High sp gr results 
from eomprsBsing the powder to amaller bulk, with consequent reduction of air-cpaeee in the grain. 
Black poiHar ic unaffected by cold, but haa Uttle resistance to water, since niter is readily soluble. 

Cardez depends for its action on rupture of the diak at one end of a steel cylinder, Med with 
liquid COs and containing a heating agent somewhat aimilar to Thermite. Thia gasifies the liquid 
CO}, breaks the diak and emits gas at end of the cylinder at bottom of the bwehide. Cardoz ia 
used in gaeeoua and dusty minee for producing lump coal. 

Airdox. Air from a portable compressor is pumped into a steel cylinder having a double-aoting 
valve, which remains closed at the end of the cylinder as long as press ia applied inside cylinder. 
BHim press ia releaeed the valve opens at head of oyhnder, releasing the air. Airdox has the advan¬ 
tage over Cardoz in that, with one unit, different praaeuree can be applied to the ooal without change 
in the apparatus. It is rather expensive, and so far haa had limit^ application. 

PM«t powdar was introduced into the IT B in 1928, and in 1943, 26 607 900 lb werfi 
used, ezoe^ing the amount of grain blasting powder by about one-third. 

The advantages of pellet powder are numerous. Being made in cylinders of 11/4 to 21/2 in 
diam and 2 in long, and packed four pellets in a paper wrapper, each pellet having an axial perfora¬ 
tion about S/8 in diam, it is easier to gage the amount of explosive needed for a oertoin shot than 
when grain powder is poured into a previously made paper tube. As the cartridges are protected 
by paper, there is leas danger from sparks faUing into the explosive, and the cartridges being paiAed 
in a wooden box, like dynamite, there is much less danger from handling, and the hasard of driving 
a pick into the steel keg of black powder is eliminated. Pellet powder can be used in somewhat 
wet holes, provided the charge is fired immediately after tamping. It ia beet fired by an electric 
■quib, safety fuse or a miner's squib. 

Composition of Explosives Listed in Table 5 

** m-Vdoeity " Blading gelatin is a modification of Blasting gelatin, by which the 
explosive reaches its maximum velocity at once, regardless of the water pressure under 
which it ia used. Not suitable for close work underground. 

Du Pont '* Extra ” has high ammonia content and low nitroglycerin, excellent fumes, 
but a very slow, heaving action; 135 to 170 cartridges, 1 1/4 in by 8 in, per 50-lb case. 

** CMex '* No ff is a low density, high ammonia, semi-gelatin, having a cartridge count 
of about 120; is fairly plastic, sticks well in uppers, and is one of the best explosives for 
close work; also one of ^be most economical. 

Bed Croaa " blatiir « is a free running, granular high explosive, especially designed for 
gprung-holes, although suroessful in certain kuids of work where there is little moisture. 

“ Oehbel C" a permissible serai-gelatin type; resists water weU and haa good 

fumes. Much used for rock wo/k in gaseous and diuty mines and for producing lump ooal 
where hard-rock bands are encountered. 

** Monobd is a pernu«aible made in 5 grades, designated by letters A, B, C, D mid £, 
running ftom 135 to 205, 1 1/4 in by 8 in, cartridges per 50-Ib ease. They have much 
lower vdooities than the Duobds, and with the latter comprise a aeries of pennissiUee 
acfagltsd to every type of ooal mining where the work ia dry. 



vr pm 


Fig 2. Standard Siaes of Black Powder Qraina 
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Tlibtef. Biaa«« «f BqlodTM and V«M to WUeli Th«f Am Adi^tod 


Chusof w«k 

Exploti ve renommended 

CIsssof Work 

Explosive iwanmmti^ 

Artatiaa weUs. 

Hi-v«loaitir 60% blast¬ 
ing galatin 

OremiMs.. 

Gdex 1 *142 

BeoUm 

Block-holsa.. 

Du Font Extra 


Coyote tunnels ... 

mtninon 

Mud-oapa.., 

ffi-velocity gdatin 10% 


Blook-hdes. 

Du Pont Extra Xy-B* 

Snake-faolss.. 

Odatin 40-60% 


Air- / 
hammer'! 
hatos [ 

Sprung.. 

Rad Crose Blasting 

CUy 

mining 1 

! 

1 

9 


Odex 2 

Pdlet powder 

Red Croae blasting 

Not 

sprung.. 

Du Pont Extra 

■ 

Well-drill holee_ 

Nitramon 

Under¬ 

ground 

fWet 

Oelex 2 

Salamanders. 

Blasting gdatin 

BEi 

Pellet powder 

Salt mining. 

LV Du Pont Extra 

Cool i 
mimag' 

EBSBB 

Pellet powder 

Scrapping old macfay.. 

Straight 40-60% 

Gaseous 1 

IQm 

Oelobd C 

1 

Shaft sinldng. 

Du Pont gelatin 40-60% 

Pry 

Monobel or Duobd 
Lump Coal C 

9 

1 ' 

1 

'Well drills. 

Nitramon 


Hammer 

drills 

’ Wet... 

Dry.... 

Gelatin 40% 

Red Croae Extra 

Concrete and masonry.. 

Red Crosa 40% 

Foundation excavations. 

Special gelatin 30-40% 


Red Cross blasting 2-4 

rSiilli^. 

lied Cross blasting 2 

'-xiuriBoniBi noiBE. • • 


Springing. 

Strsight 40-60% 

Oypsum 

iwipiit£ 

Open-pit. 

ClfilAT 2 


Sprung-holes. 

Red Cross bleating 2-3-5 

Undarirroiuid . 

Du Pont Extra E-l, Q-l 


Submarine blasting.,.. 

Hi-velooity gelatin 
Straight 60% 

Ice blasting. 

Gdatin 40% 

Log jams. 

Straight 40-60% 

Tunneling and drifting. 

Gdatin, Du Pont 
or Special 40-60% 

Lime¬ 
stone ' 

mining 

'Hand-loaded.., 

■Dll Pnn^. 


0 

Machine- 
loaded. 

Du Pont Extra C-l to 
F-l 

Open- 

pit 

minittg 

Sprung 
holea.,. 

"Wet. 

Dry. 

Gelatin 30% 

Red Cross blasting 

Airbammer 
holes. 

Gelex 2 

WellrdrUl holes. 

Gelatin and Du Pont 
Extras 


“ Duebd ” is tho name of high-vdooity permiasibles, lettered from A to G and running 
from 135 cartridgee, 1 1/4 in by 8 in, per 60-lb ease for Duobel A, to 260 for Duobel O. 

'* Lump Coal " C is a new permissible having medium density and extremely low 
▼dooity. At present made only in cartridges 1 Vs and 2 in diam. It runs 118, 1 Vt in by 
8 in, oartridgm per 60-lb case. 

“ Bed Cross ” Eaira dynamite is an ammonia dynamite of high density, avnaging 102 
to 106 cartridges, 1 V 4 in by 8 in, pmr 60-lb case. Strengths are from 16 to 60% and 
suited to a wide variety of work. 

" Spedei " gelatin is an ammonia gdatin similar in moat respects to da Pont gelatin, 
but not quite so water resisting and not adapted for very wet work, like submarine 
Ma s ting . Its fumes are considered sli^tiy better than straight du Pont gelatin; not 
CRiite so dense as the lattw. 
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” iSeiaiNdffRqA fflrVjiWffgJ* Uidi^ SaOmgd ”'«» ^pcdbilly idHiciiedamll jpiwkaced to 
Bo^ th« demudb of B«iaa^ iwoapeotiag) for wiueb a«» See 1(K4, Art 4 ood ToUm 
XX’^XIX. I 

Sintighi djfnamite isonBbts of N G, nitrst^ of soda, irood aad a sm«^ amount of 
chalk. It is the ohiy explosive at pMsent iit irtiieh the grade cMta^iOBds to acrtuht per* 
oeatage of N G. very pow fumes and i^ould not be used underground. Very quick 
in its action and especially adapted for propagation shooting of ditches, 

IHt Povt “ Extras ’* D-1, E-l, F-i and G-i ate of oonsiderahly lower vdocity than the 
regular du Pcmt Extras, but in otbac reepeotg ate aistilar. 

" Nitramon " is a new blasting agent, not of itsdtf explosive; that is, it is so insensitive 
thatit can not be detohated by a blasting ciq} or impact of a rffte bullet. Requires a special 
primer to explode it. It is put up in tin cane from 4 in to 8 in diam, and 21 in to 24 in long, 
the 21<in bei^ the length of the 8^ diam can. Has been used very successfully in quarry 
work, well-drill hotss and tunnels, and, when used with Ptlmacord, is tiie safest blasting 
agent now known. 

Blading gelatin oonsista of N G and mtroootton only, and is the strongest expkMive 
known. Eked where greatest strength is required, regardless of expense. 

4. TItAFSPORT OF EmoSIVES AND BLASTING SUPPLIES 

Transport by rail. A shipper of explosives should be familiar with local ordinances, 
state and federal laws, and the regulations of the Interstate Commerce Comini%ion. By 
Act of Congress, March 4,1909, ^active Jag 1,1910, and as amended March 4,1921, the 
Interstate ^mmwce Commission, has power to regulate interstate transport of explosives. 
These regulattons speafy that explosives to be shipped by rail must pass certain tests for 
stability and sensitiveness, tiiat containers shali stand specified tests for strength, and that 
eases and contents be packed in a prescribed way. Nearly all makers of explosives doing 
RR business pack their products to comply with the regulations. Copies of regulations 
ai:e obj^ainable from Bureau qf Explosives (17, 33}. 

Sxidosivea which can not be shipped by raQ include: 1. Liquid mtroglycwin. 
2. Dynanute coatMning over 60% N G (except gelatins); see Table 2, No 3, 4, and 5. 
8. Dynamite having an unsatisfactory absorbent, or showing signs of leakage of N G. 

4 . Nitro^llulose in a dry condition, in Quantities over 10 lb, in one outside package. 

5. Dry fulminates in bulk. 

The matter of forbidden ozploaivM is of intoreet to the user mainly in oonneotion with con^ioa 
of hia stock, in oaso of rwhipmeat, then item 3 above becomes important. Dynanuis stored for a 
great Isngtii Of time, or under adverse .emperature conditioiuh may exude N G, and become unfit 
for rail transport. With proper storage, reasonably rapid movement of stooL, and caie to use old 
stocks first, ibie condition should not arise. If neccbaary to ship by rail explosives not aoceptahlo 
under Interstswe Commerce Commiseion regulations, these szploBives may be repacked only uhen 
authorised by Bureau of Explosives. No explosives in broken or damaged paokagee should be 
offered for rail shipment. The aforementioned Act of Congress makes it a criminal offense to ship 
explosives on common carriers carrying passengers for hire, m to offer for shipment any exploeive 
under deceptive markings. 

Ssplosivos which must not bo shipped togethet. The Bureau of Explosives publishes 
a chart showing the explosives and other mflaminable articles which must not be shipped 
together. A spedslly important regulation b that blasting caps must not be shipped 
stored with high explosives. 

Condition of cars. R R oars in which explosives are shipped must be carefully 
inspected, and must comply with certain specifications. They must also be certified and 
pbcarded m-umfonn manner, as wdl as loaded and braced m a specified way. 

Carload shipments. The Interstate Commerce Commission regulations permit 
sbkWBsnt in one oa^ofinot more than 70 000 lb groto weight of exploeives. The xniainrum 
qibtiitity taken fet carload prices varies with diffesent railroads and m differsntr parts of 
the ockmtry,. Tahgmg from 17 BOO to 40 <100 tb. Consignee must remove shipmenf. of 
explosives froth eaniem’ property within 48 hr alter notice of andval at destmatiopj msmy 
railroads allow only 24 h. t 

ShipgMaU hr boat. Navigati^ lees must Vl* <Wnpliod with, slso all local ragulattpna fp to 
authonaod docka and quantities wteoh may be uDioadsd. Repilations prohibiting tfAnapoM of 
om with dynamite imply wfaethn the vcaael is under Interstate Commerce Commitiion 
ehnm; b(A it te pemimlblblbn kirgb'veieeU, ih^esrtida oases, to testy saps In spoeial cobipeetmenta, 
Mtfrfily aapamb from thg Oatgo Si high aMpiesriwi sod si ade daMaoea therefrom. 

• Shipaat by wkgaah or tracks, fipseial owe shcMid ba iakso^ftbat vdnelsi nsad for transput of 
ex^oeiv«B are in good oondiiion and preferably provided with epnngat^rea firom exoepi gTnaas and 
og, and that any axpoaad metal im the innde of vehiole la m-otaetad, to ptvrent its coming m eontaoi 
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«ftk«be«kqpl0riTW. N«T«r oywioM y4a«la». gii<i<w>»«Wtlw 

viduMf ewrywMI vHpIwivm 

to protoet utom from s^n uid wwtbw. 

5. smppmo coifTAi»KR$/ ' 

Bfaick blasting powder for general uae ie alupped in kegs of two dies, kpo^ ik kaci 
and half-kegB, eontauung 2d and 12 i/t lb of p<md$r, oor in d>lb cans nsaallarilMMika^^i^^ > 
box. Much of the blaok powder for anthracite coid fields is paokad in fxaper castriiiges 
6^ **sk!n9,” of 12 lb of powder. Two *' skins ” (25 lb of pow<to) sMf packed togathar 
in a tong can. Approx gross w«ght8 of packages of black powder are: 

'2&-Ib keg with contents, 37 Vs lb, 12 Vt-Ib keg with contents. 1? >/« lb, 20 5-Ib cans, with oon- 
tants and shipping box, 135 lb, 26-lb can, with contents in two cartndges. 29 lb. 

High explosiTes are contained in cylindrical oartridifes, about 8 inloUg by ^/g to 2 in 
duunetei. Cartndges are usually packed m wooden boxee or chaef, 26 or 50lb to thg oaae. 

Table 6. Distances for Magazlnea, American Pfaetica (15) 


Blasting and eleotnc 
blasting caps 

Other exploeivee 

Inhabited 

PubSe 

Pubhe 



buildings 

railway, 

barricaded* 

highway. 

baitfcadMf 

Number 

Number 

Pounds 

Pounds 

barricaded * 

over 

not ova* 

over 

not over 

(Feet) 

(Feet) 

(Ibet) 

1 000 

5 000 



15 

10 

5 

5 000 

10 000 


* 

30 

20 

to 

10 000 

20 000 



60 

35 

j* 

20 000 

25 000 


50 

73 

45 

23 

25 000 

50 000 

50 

100 

120 

70 

33 

55 

50 000 

100 OOO 

100 

200 

160 

MO 

too 000 

150 000 

200 

300 

260 

155 

73 

150 000 

200 000 

300 

400 

320 

190 

95 

200 000 

250 000 

400 

500 

360 

215 

no 

230 000 

300 000 

500 

600 

400 

240 

120 

500 000 

350 000 

600 

700 

430 

250 

130 

350 000 

400 000 

700 

800 

460 

275 

140 

400 000 

450 000 

600 

900 

490 

295 

130 

450 000 

500 000 

900 

1 000 

510 

365 

I5S 

500 000 

750 000 

1 000 

1 500 

530 

320 

160 

750 000 

1 000 000 

1 500 

2 000 

600 

360 

180 

1 000 000 

1 500 000 

2 000 

3 000 

650 

390 

195 

1 500 000 

2 000 000 

3 000 

4 000 

710 

425 

210 

2 000 000 

2 500 000 

4 000 

5 000 

750 

450 

225 

2 500000 

3 000 000 

5 000 

6Q00 

780 

470 

235 

3 000 000 

3 500 000 

6 000 

7 000 

805 

485 

245 

3 500 000 

4 000 000 


8 000 

830 

500 

250 

4 000 000 

4 500 000 


9 000 

850 

510 

255 

4 500 000 

5 OOO 000 

9 000 

10 000 

870 

520 

260 

5 000 000 

7 500 000 

10 000 

15 000 

890 

535 

265 

7 500 000 

10 000 000 

15000 

20 000 

975 

585 

m 

10 000 000 

12 500 000 

20000 

25 000 

1055 

635 

315 

12 500 000 

15 000 000 

25 000 


1 130 

680 

340 

15 000 000 

17 500 000 

30 000 

35 000 

1 20$ 

725 

360 

I7S0OQ00 

20 000 000 

35 000 

40 000 

1 275 

765 

380 



40 000 

45 000 

1 340 

805 

400 



45 000 

50 000 

f 400 

840 

420 



50 000 

55 000 

1 460 

875 

440 

Note Distances for f 25 000 

55 000 

60 000 

1 515 

910 

455 

to 225 000 lb from inhabited 

60 000 

65 000 

1 565 

940 

470 

bldgs, t 900-2 095 ft; from 

65 000 

70 000 

1 610 

970 

485 

BBS, 1 140-1 260 ft. from 

70 000 

75 000 

1 655 

995 

300 

highwaya, 570-630 ft. The 

75 000 


1 695 

1 020 

510 

full schedule presonbeg dis- . 

80 000 

05 000 

1 730 

1 040 

520 

for qua&Mtef up to 

85 000 

90 000 

90 000 
95000 

1 760 

1 790 

1060 

1075 

390 

340 



95000 

100 000 

1015 

1 090 

345 



100 000 

125 000 

1 83$ 

1 100 

550 


* Bemcaded, as here used, signifiss that the building oontgieing e pldnvee is screetted frcm 
other bwdings. railways, or from highways by dtiiet natbrid or st« Iasi barfiers WKm* swdk 
MrrfSri ob not rxirt, tk» dnHenunt iMuUbt mumuL 
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CbHmi» of cwM, M tll'ftraigtii, tfaidbicn of irood tad eonttnutbii. {i Mgidstod her 
LKMVtBto Commeree OcOTmiuaon. Hie auinber of cartridgM of eadi ^ in n fl04b 
oMtii faidjr regular tor any given kind of dynamite. (See TaUe 4.) 

Afpies «t >or ea tat CMetia (■tnOokt ini irnmoai*). a97 oa; Dynwgoite (aimkdtt, amaumta, 
oad gnBotated), 0.85 m; Xicriltary pomtan, 0.63 o«. (jfat*. Then ere some ezoepti^; also e 
few esploalvae, euob n the low craonleted dyoeiaitee, wbidi era peeked in 12 l/|<lb paper beci. 
4 hegi to a oeee.) 

W ae dit g eeppUea. Cepe are peeked in tin boaae, oonteining 100 oepe, and the boxea in wooden 
eeaaa of 500, 1 000. 3 000. p 000. or 5 000 eepa. ^eotrio oepa end eletitrio aquiba era peeked in 
eerdboerd boiaa eonteliiios 25 or 50 eeeh, end theae ere peeked in woodta eeaee of from 250 to 500 
eapa or aqniba. Safety fnee ia in eoila of two 504t htn^a; ahipped in wooden bozea oontaining 
from 1000 to 6 000 ft. 


6. STOSAOB OF EXPLOSIVES AlfD BLASTING SUPPLIES 

Bapleaivaa should be stored in well'^ventUated buiidinga, erected for the purpose. 
Buildings for storage of Ueck powder or blasting supplies ^ould be fireproof; those for 
dynamite, both bullet-proof and fireproof. 

X^watloa of msgeilne. In selecting a magaaine aita the loeel topography should be eonaidered, 
and adventege taken of such natural protection as is afforded by faiUa end areas of timber. The 
mageaiM ebouid be far enough from adjacent buiidinga to minimiie danger to lUe or property 
through an aoeideatal explosion. 

TaUe 6 gives diatances depending upon quantity of exploeivea required, 1016, to be maintained 
betmen magasinea and inhabited buiidinga, public railways, and public highways. 

It is the niult of en investigation of a oonunittee appointed by the exploeives manufacturers of 
the U 8, and npreeenta concluaiona reached after prolonged study of available data. The Bureau 
of Explooivaa of American Hallway Aaaociation has approved and applies the diatanoea specified 
to be maintained between magaainea and publie railways. When there are specific state lawa and 
local ragulationa, they must be complied with, but if thwe be none, the table of distanew gives toe 
aooepted praotiee. Whera exidooivea are distributed among several magaaines the diatancee between 
magaainee should comply with toe following formula (diatanoea given are for magarines fully pro- 
teeted from eaeb other by natural or artifidal barriers; lacking auoh protection, distance should be 
doubled). For magaaineB containing 25 000 lb or under, not less than 100 ft; for magaainea con¬ 
taining over 25 000 lb, add 1 Vs ft for mch 1 000 lb of explosives added. When applying Tai^ 0 
for location, if magatinet are nearer than the above distances, they should be elaaeed ae one magatine 
oontaining total quantity of explosives stored In all. Magaainea oontaining blasting eapa ahould 
naver be nearer than SO ft to any other magaaine, and if quantity ia over 20 000 cape, dutanoe 
should be at least 100 ft. 

ConatruetloB of mnggzinas. Dimmuions of magaaine without udee: 

These capacities are 
baaed on sises of dyna¬ 
mite oases (Art 5). If 
permisaibles or the mom 
bulky powders are 
Btored, cspaeitieB will 
be oomewhat reduced. 

Magaainea of theae aizes are for temporary use, and should therefore be as small as 
IHMSible for quantity of explosives stored. They are for consumers using explosives in 
2 or 3 sises or grades; dimensions are therefore minimum for given quantities, leaving 
floor space sufficient only for a man to enter magaaine when filled to capacity. 

Dimensions of magasine with aisle from front to back and cross aisle through center: 

In constructing a 
magazine considera¬ 
tion should be given 
to permanency of 
storage, variety of 
explosives, quantities 
in which aiiipments 

to ma geaiiiA will bo made, and ease of replenishing stock from distributing magazines. 

Constauetioa gpoeifieatioiu. Stone and concrete magasines are undesirable, beoouM 
of danger from misdles in case of aooidoii. Brick or mnd-filled magasines may be used 
for dynamite, Mack powder, or blasting caps. Wood and iron magazines witiiout sand 
filling are suitable for black powder: other types may be used, but this is the most inm- 
pensive eonstruction; it is not recommended for dynamite, bemuse it is not bullet-proof. 
The nature and*thiokneBs of walls varies with the kind of small arms in general use ia 


Ctapaeity 

Dimenaiona 

Capacity 

DiiDensions 

50001b 

10 000 

15000 

20000 

6 ftX 9 ft 

10 X 12 

12 X 12 

12 X 14 

25 000 lb 

50 000 

40 000 

50 000 

XXXX 


Capacity 

IMmenaiou 

Capacity 

DimenaioDB 

5 0001b 

10 000 

15 000 

20 000 

8 ft X 5 ft 

5 X 10 

8 X 12 

10 X 12 

25 0001b 

50 000 

40 000 

50 000 

l2ftX 12 ft 

12 X 14 

14 X 16 

14 X 18 
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rciCioo whfim taagMtee is situsto4< Tests show tib»i it requires 10 hi V^etwem 

walls of 14n boteds, to stop the bullet from* VS Govt Spartesfisld Where (^oaiy 
sportiuc rifles, such as 30>30 Wiadbeater, mtfi used, 8 in of sand la suffiident. A 9>in Crick 
wall is bullet-proof against the strongest small anns in Use hi IT S. In ihb ease of doors 
it is found that boilerplate, backed with>8 tUokness of 7/fin hardwood, will stop the 
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DETAIL OF ventilators IN 
STONE foundations 
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CROSS SECTION OF CONCRETE 
FOUNDATIONS 

Fig 3. Brick Dynamite Magaiina 


bullet from a U S Springfield rifle. This combination of iron and wood seems to be the 
moat practicable, as any increase in thickness of either t|ie wood or iron, with correspond¬ 
ing reduction of the other, adds materially to weight of the door. 

Magaaines of various widths may be desigaed along lines indicated below, sise and 
sparing of material being revised accordingly. ^ 












i:s3ijosm» 


IwMt. >aMg » riitow « brick.qyiHWBW tailM «<ww>i»wi <k 
Hiir 4iiilrM tUkOi taumUkift witix ‘tbb widtti. • i * 

Fmftda4u»u RRMir ^ «r «onf«aH> IW alMiald imth froatiJiM^« • 

4IPm 4 brnras JosaMri*!. i , , ji v * w.i 

‘ tJjM/4 soft l}t|bri9^MpM^e,aoni|bt«ntvitb food 

Bulht-pMfi/roc/ ooDBiat* of onlinc-Joisto, floored m ihown.* A box ia formed above this flooriac 
by a fl*m eiria-around walla, tiie box bmnc fillM idtb 4 4ofl4n o(«an«L Bullet-proof roof eonetruo* 
doQ ala^ baiiM tb JbflwUdtt A Httffbrm teupttrattm. 

* * tttm«niMaj»«MalUi - 


empent tJjM^aoftl}t|bri 9 ^aapoo^e,ooni|iet«ntvitib flood 



kofi/ Reftera eorered with rough boarda or afaip-lap. and then with No 24 eorrocated galvaiuMd 
iron The iron should have aidf lap at not leas than two corrugafiopa, and end lap of not leaa than 
6 in Tin roof niay b4 used, but i# more expenaivh 

Atnfwy Bnek walla aie hned with 2 2-in nailing atnpa^ oovered with 1 by 6-in boarda, 
feraiug a Jottioe wotk. hTadeehould becouatereunk. The purpoae of lining la to keep atook away 
from traito and .aaaut ventilation. 

Comtrr Merely a atrip of No 24 flat galvaniaed iron, bent fuid faatened over enda of raftera. 
All iron ahould be put on with galvaniaed nailaand lead waahera 

Floors 1 8/g-in matched floOrfpg, or a «Ub-flopr of 7/8 >n, oovered with 7/g>in matobed flooring. 
Note that floor atopa 2 ip fjrom briek wall, td provide ventilation from under floor. 

^YenitbUton. Foundation la ventilated ae ekown in ]^lg Bnuf vente ahould he Star or Olobe 
ventflator^ equivalent, aire and number depending on nlimate, and aiae of building. 

Fig 4^anou^ details of'-doior for magasme ahowil hi Fig 3 

(b) Wooden dyokmite Lgcaxlnp« oovereid idth iron and eand-i^M (Fig 6)> 

Foundahon may be of pioate, bttek, atone, or eonorete, ea'hcpt suited~fo local oondtUana. 

IFaUa are of two rows of 2 by d-ln studa, Ibhhed as shqwn.^dlMiihd quantity of aand determimng 
apaeing of studa across wail. SMda are Wd pamllal by nailers at top, bottomland intermedtate, 
in number aufiieient to prenreat sprsadiag under Uffiflht of fluid. Studa ere ooverdd obtude and 
inaide by 7/g-m matched boardg* to ptpvgnt aapti ^om leakinfl away ‘ Sfiaoe between fil|eci with 
eoarae aand (never use roe a» gravel or broken atone beoauae of possibility of their beoommfl musilea). 
Lower fhot tit fltling to consist of a weak mixture of sand and eshienf, n preVent renMdndhr of sand 
from leaking away. Outer sheeting .a covered snth No 24 flat galvanhAd ii'On For other details, 
the Bpeeifieatione for bnek maflatink a^ply. When poet foufldatione are used the board apron 
abpuJd ventilated by halee, 8 by 4 in, oovered with piinehed eheet ^teel. 

(d) Week bkuitinc powder iWflgghiei Fig 0 eboantewood auidsnm nacadoe tbrMuk pflwder 
or btaattofl supplies. i 

l}.fO VfliSt. / Of 2 by 4^n <v> 2by fl-ip gtuddinfl, toverad on outside with Vfl-da boarda end No S4 flet 
flidviudaod iron; on ineide, by 1 by 0-iA. latUce work. 
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£o</, Mrme* and fiaon (aee ■poetfioationa for briek nucuine). 

Pounda^on gnd »entHation <sM Bj>eoifioatioiia tor aand-4Ued magaiine). 

Door, ^ Standard door for this type mogoiine eonsiata of two thiekneaaaa of VS'bi boarda, 
covered with iron of any deaired weight. No 22 being oonaidered the lii^teat for aeourity. Either a 
mortiae look or padlook may be need. 

(d) Iron atoroge magazine. A “fcnook'down” iron magazine ia manufactured, which ia aatia* 
factory for northern or temperate elimatea. Obtainable in aieee from 6 by S ft to 15 by 30 ft. 




When uoed for dynamite Etorage, it abould be made bullet-proof by lining with 3 or 4 in of hard 
wood, or with atuda and sheathing, aand-fillcd, or with brick. 

(e) S mall portable magazine, for atoroge of small quantities of explosives within mine or quarry, 
er at stores, or within city limits. A box may be mode of 2-in oak, or other bard wood and covert 
with sheet iron. For dynamite, iron should be at least l/ig in thick. Top of box, of like material, 
should be on hinges. Inaide metal ahould be countMsunk. Box should be kept looked and marked 
to indicate contents. 
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flo that temperature in magazine will not rise above outside temperature. Dsmamites 
eontainiug large proportions of nitrate of ammonia, such as the ammonia permissibles. 
are liable to become set, so that, when subjected to high temp, they are difficult or impos¬ 
sible to prime. Painting roofs and sides of iron magazines with aluminum paint reduces 
the temp when magazine is exposed to sun’s rays. Take care to keep dynamite dry, 
especially the ammonia dsmamites, as they contain hygroscopic s^ts, and in humid 
climates may eventually attract enough moisture to impair their sensitiveness and strength. 
When dynamite is shipped in winter at very low temperatures, it should not be sent down 
immediately into the mine, as cold dynamite may condense enough moisture in the warm 
humid mine to impair its efficiency. Magazines should always be in charge of one person, 
responsible for condition of magazine and stocks, and their proper and safe handling. 

Rules for dynamite and powder magazines. 

Explosives must be handled carefully. 

Do not throw down boxes of explosives violently, nor drag them along the floor. 

Do not open boxes of dynamite or powder kegs in or near magasine. 

Do not have in or about the magazine loose caitridges, open boxes of dynamite, or loose powder. 

Do not make up primers in the magazine. 

Do not smoke, have matches, oil-burning lamps or lanterns, fire-arms or cartridges in, or near, 
magazine. If artificial light be needed, use electric flashlight or electric lantern. 

Do not store blasting caps nor electric blasting caps in this magasine. 

Store dynamite and black powder separately. Store dynamite boxes flat, top side up, grades 
and brands showing; store powder kegs on sides with seams down, or on ends, bungs down. 

Powder kegs should be rolled over and pontents shaken every 2 or 3 mouths. 

Always use old stocks first. 

Keep magazine floor clean. 

Keep the ground immediately around magazine clear of leaves, grass, trees, stumps, and dfibris, 
to prevent fire from reaching it. 

Do not allow any shooting in neighborhood of magazine. 

Keep the door locked. No unauthorized person should be admitted to magazine. 

Do not keep any steel, or metallic tools or other implements, in the magazine. 

See that good ventilation is maintained during all seasons of year. 

When repairs have to be made to interior of magazine, all stocks of explosives should be removed 
to safe distance and carefully protected from weather during progress of repairs. Before starting 
repairs in a black-powder magazine scrub floor wdth water. If dynamite bas been stored in a maga¬ 
zine, any stains on floor should be carefully scrubbed with solution consisting of: 1/2 gal water, 
1 gid denatured tilcohol, 1/4 gal acetone, 1 lb sodium sulphide (fused) or potassium sulphide. 

Rules for blasting-supply magazines. 

Store blasting supplies only in this magazine, i e, blasting caps, electric blasting caps, and fuse. 

Do not store powder or dynamite in this magazine. 

Do not have loose blasting caps, electric blasting caps, nor coils of fuse lying around magazine, 
nor take them out of original packages until required for use. Keep packages closed. 

Open boxes with a wooden mallet, except when lids are screwed on; then use a screw driver. Do 
not kMp any other metallic tools in magazine. 


7. HANDLING OF EXPLOSIVES AND BLASTING SUPPLIES 

The Interstate Commerce Commission in matters of transportation, and the majority 
of states in framing their laws, recognize that explosives are a commercial necessity, and 
furthermore that they can be handled with reasonable safety. Nevertheless, one must 
always recognize their nature; their function is to explode. All owners of explosives 
should require employes to observe rigidly the rules and regulations which experience has 
shown will best conserve safety of the men themselves, as well as of the public. 

From cars or boats to magazine. Use only wooden or non-sparking metal tools in breaking the 
bracing in cars. iVooden wedges and mallets answer all practical purposes. Damaged or broken 
cases or kegs fou id in shipment should be set aside, and not taken to magazine with undamaged 
stock. If damaj^e is slight, the cases or kegs should be taken to a safe distance from magazine, or 
from oar, and repaired. If damage is too great for repair, take explosives to point of consumption 
and use immediately. If broken cartridges or loose grains of powder are scattered in the car, they 
should be carefully swept up and removed before proceeding with unloading, and afterwords 
destroyed. If there is a railroad siding to magasine, and runways and trucks are used, there should 
be no exposed metal on runways, and trucks should be rubber-tired. If an inclined chute is used, 
make of 1-in planed boards, with 4-in side guards throughout its length, fastened with brass screws. 
D-shaped strips or runners, not more than 6 in apart and running lengthwise of chute, sbould be 
fastened by wooden pegs to upper surface of bottom board. When dynamite packages are being 
hanffied, wipe down ohutM with waste moistened with machine oil. A mattress, 4 by 6 ft, and not 
less than 4 in thick, or a heavy jute or hemp mat of like dimensions, should bo placed under dis- 
eharge end of chute. Chute must not be so steep that packages slide too rairidly. With a long 
chute, station men at frequent intervals along it, to check speed of paekages and prevent bumping 
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togsthar. Do not rehnndH or g'witoh the oar to other pointe after the bracing has been removed; 
in case part of shipment ie to go to another p<wt, the part remaining in oar should be rebraoed 
(acoofding to Interstate Commeroe Commission regulations) before oar is offered for shipment. 
The load on any vehicle should be braced. Always protect ezidosives from weather. 

Within mine or quarry. Same rules and regulations should be adopted as apply 
around magazines and elsewhere above ground. Never bring exposed lights close to 
explosives. Only the smallest possible quantity for economic handling or operation 
should be taken underground at one time. In transporting into the mine by cage or 
tram-car, only the man in charge should be permitted to ride in same cage or car with 
explosives. Primers should be made up at a point entirely separated from regular stock of 
dynamite. If made up above ground, they should be taken into mine at a separate time 
and in separate car from other explosives. In opening dynamite catics, use no metal tools 
other than’those made of non-sparking materials; wooden wedges and mallets are best. 
Blasting-powder kegs should be opened by turning back the four clips at the bung and 
lifting the cap and paper washer with the fingers. Never drive a hole in a powder keg 
even with a wooden pin. The rather common practice of driving a pick or other tool 
through the keg is dangerous. If possible, avoid lea-vdng dynamite or powder in mine 
over night. If this can not bo avoided, the explosive should be left in a place set aside 
for that purpose, protected from dampness, and posted so that all persons will know nature 
of material stored. 

Thawing frozen dynamite. Practically all high explosives now made in the U S 
are formulated on the low-freezing or non-freezing basis, so that thawing dynamite, with 
its attendant hazards and expense, has ceased to be a factor. 

Disposition of damaged explosives. Dynamite to be destroyed should be removed 
from magazine in quantities not exceeding 100 lb, to a safe place 400 to 500 ft distant from 
any magazine, and 1 000 ft or more from any dwelling, building, i>ublic road, or railroad; 
whore, in event of its exploding while burning, no damage will be done. Lids of boxes 
should be carefully removed with wooden wedge and mallet, each cartridge slit, and the 
opened cartridges spread upon the ground over as large a space as practicable. To insure 
proper burning of the dynamite, spread a quantity of straw, paper shavings, or excelsior 
on ground first, on which dynamite is placed. A chain of straw paper, or other material, 
is then led away from the dynamite to such a distance that it may be lighted without 
danger of flame reaching the dynamite before operator reaches a position of safety, which 
should be 400 or 500 ft distant. Explosions sometimes occur, even with care, and operator 
should never remain near the burning explosive. Black powder may be destroyed by 
pouring it into a stream or large body of water; the greater part quickly dissolves and 
remainder becomes hai-mless. Cases which have contained dynamite are dangerous; 
they should not be used again for any purpose, but should be burned, using same precau¬ 
tions as described above for destroying damaged dynamite. 

To destroy damaged blasting caps, place them, not more than 100 at a time, in a paper 
bag containing a small dynamite cartridge, with a good electric blasting cap in the middle, 
or in contact with the damaged caps; put the bag in a hole in the ground, cover it with 
sand, and fire with a blasting machine from a distance not less than 200 ft. Fuse and cap 
can be used with care when the bag and damaged caps aie completely covered. If it is 
impossible to dig a hole, the caps may he drowned in deep water, but not in rivers, ponds or 
creeks. Before being destroyed, electric blasting caps should have their wires cut off an 
inch or two from capsule, as the wires aie liable to cushion the shock and prevent complete 
explosion of all the caps. Observe utmost caution in handling blasting caps, as they are 
extremely sensitive to shock, friction, heat, and sparks. 

Precautioiury Rules: 

Don't forget the nature of explosives; but remember that with proper care they can 
be handled with comparative safety. 

Don't smoke while handling explosives, and don't handle them near an open flame. 

Don’t leave explosives in a field where cattle can get at them. Catrie like taste of 
soda and saltpeter in explosives, but the other ingredients may make them sick or kill them. 

Don't carry loose caps in the clothing. Keep them in their boxes. 

Don't tap or attemint to open a blasting cap or electric blasting cap. 

Don't try to withdraw wires fiom an electric blasting cap. 

Don’t attempt to take cape from the box by inserting a wire, nail, or other sharp 
metallic instrument. 

Don’t store or transport blasting caps or electric blasUpg cap* with high explosives. 

Don’t store fuse in a hot place, as this may dry it out so that uncoiling will break it. 

Don’t allow priming (the placing of the detonator in dyiuunite) to be done in thawing- 
house or magazine. 
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Don’t leave explosives, caps, or Uasting machines in a wet or damp place. Keep in a 
suitable, dry place, under look and key, and where children or irresponsible persons 
can not get at them. 

Don’t use frosen or chilled explosives; it is dangerous and wasteful. 

Don't thaw dynamite on heated stoves, rocks, sand, bricks, or metal, nor in an oven; 
don’t thaw dynamite in front of, near, or over, a steam boiler, forge, or fire of any kind. 

Don’t heat thawing-house with pipes containing steam under pressure; high tempera¬ 
ture is dangerous and escaping steam may spoil the explosive. 

Don’t place a hot-water thawer over a fire; never put dynamite into hot water, nor 
allow it to come in contact with steam. 

8. CHARGING AND FIRING EXPLOSIVES (See also Sec 5, 6) 

Priming is the placing of a detonator, electric blasting cap or blasting cap attached to 
fuse, in a dynamite cartridge, or placing an electric squib in a cartridge of blasting powder 
or pellet powder. For high expiosives, place detonator so that its closed end points 
toward bulk of the ^plosive. For rotation shots it is advisable to put primer at or near 
bottom of hole, with the detonator pointing toward the collar, to prevent the primer from 
being thrown out in case the collar of the hole is cut off by a previously fired shot. If primer 
is inserted last, place the detonator so that its closed end points toward bottom of hole. 



r Fig 7. Methods for Priming Dynamite. A and C are recommended; B, often used 

Fig 7 shows methods for priming dynamite. (A) with cap and fuse, (B) with electric blasting 
cap, in cartridges of 1 ^/g in diam or less, (C) with electric cap, in cartridges of 1 i/g in diam 
or more. 

The detonator should be so secured that it will not change its position, nor jam against 
rides of hole, nor come in contact with tamping stick. In priming dynamite with cap and 
fuse, the fuse should never be” laced ” or run through the cartridge, because " side-spit ” of 
fuse will often ignite dynamite, a part of which will burn, decreasing efficiency of charge 
and producing noxious fumes. Top of cap should be imbedded ^j% in deep in the dynamite, 
to cushion it from tamping stick. This snuill length of ^use will not side-spit before cap 
explodes. 

Charging. Eliminate all air spaces by slitting cartridges lengthwise with a sharp 
knife and pressing them firmly home, so that they expand and entirely fill the hole. Excep¬ 
tions to this are: (a) Blasting gelatin should not be slit, as it is so elastic that it can not be 
rammed solidly like other dynamites; (A) in certain veins of coal an air space is purposely 
left to cushion action of explosive and so prevent undue shattering. 

There are 4 metboda cf " euebion " blasting (Fig 8): (a) leaving an air space of 4 to 6 in or more at 
bottom of hole; (b) using cartridges of much smaller diam than the hole and not expanding them; 
(e) leaving a spacer at the end ot the cartridge and tamping up solid to the spacer; (d) putting in 
the first and second dummy of tamping very lightly, or using rock dust for the first dummy. 
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Tamping is required in practically all work except springing a hole (see bdow). The 
word " tamping " is now used to designate the act of compacting the explosive or the 

stemming in the drill holes, while 
‘‘stemming" designates the materia 
used for confining the explosive. Stem¬ 
ming is necessary for all explosives 
to develop their full power, to minimise 
amount of poisonous gases evolved, and 
to do the work at least cost. The only 
possible excuse for not using stemming 
is if misfires are expected, and these 
can generally be avoided by careful 
priming. It is easy to insert another 
primer and eimlode the missed charge if 
no stemming is used. Clay, sand, and 
loam make best stemming. Broken 
rock, screenings, and ore dust serve 
fairly well, but are liable to break or 
cut the fuse or wires. 

Tamping is sometimes slighted in charg¬ 
ing high explosives. But it should not be 
neglected, it produces better confinement 
of the charge, and the stronger the con- 
fiement, the completer the reaction, the 
more effective the explosion, and the more 
nearly do the gases approach the chemist’s 
ideal of consisting only, of CO 2 , N and 
steam. Whenever bad fumes appear, look 
to the tamping and make sure that it is 
adequate. 

Sprung holes. A drill-hole may be 
"straight" or “sprung.” A straight 
hole is one which is loaded and fired 
Fig 8. Modes of Charging for "Cushion" Blasting without enlarging. A sprung hole is 

enlarged at the bottom by exploding in 
it one, two, or more, successive charges. These charges are usually not tamped 
(stemmed). Iho first charge usually consists of 1 or 2 cartridges, increased in sub¬ 
sequent charges until the chaainber is large enough to hold the required quantity of 
explosive. This operation is known as “springing,” ■‘chambering,” or "squibbing.” 

Springing is done to concentrate a large amount of explosive in the bottom of the hole, thereby 
aavin,<( cost of drilling a number of holes. Sufficient time should elapse between successive springinga 
to allow hole to cool completely; there is great danger in charging a freshly sprung hole. Except in 
soft rocks, quick-acting dynamites are better for springing than the slow-acting, as more of the rook 
is thrown out of the hole and there is less liability to cave and choke up. If sides of hole are very 
roich, final charge may bo loaded through a tube of brass, tin, or gaU anisod iron, about 2 ft longer 
than the hole and us large as will fit into it. This prevents cartridges from being caught on or 
smeared along sides of hole. Where a loading tube is not available, the oartridges arc usually 
attached to a sharpened stick, lowered to bottom of hole and shaken off. Never apring a hole 
adjacent to a loaded one. 

Wiring for electric blasting. There are three general methods: aeries, parallel, anti 
parallel scries connection. 

In series connection (Fig 9) one of the wires from first drill-hole is connected to the leading or 
firing line. The other wire is then connected to one of the wires from second hole and the other 
wire of that to one of the wires of third hole, and so on to the laat hole; the remaining free wire 
from that is connected to ^he leading or firing line. Senes connection is necessary when firing with 
or^nary bleating machine. The current required for series connection is at least 1.6 amperes, and 
the voltage sufficient to overcome resistance of electric raps. Resistance varies with length of 
wires. About one volt is required for each sap connected in series, although an excess, up to 
abQUt440 volts, not harmful, 'i 00 high voltage may cause misfires from short eircuita acroea the 
cap wins', especially when more than one cap is used in a bole. Direct current is generally used 
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but altornsting current is equally efficient when of a frequency of 00 oyelee or more, and oan be uaad 
down to 20 cyolea. Alternating currenta of lower frequency nxay cause trouble from miafiiea of 
the leaa aenaitive caps in the circuit. 

la panllel wiring (Fig 10) one wire from each cap is connected to one leading ILde, and the 
second eap wire to the other leading line. This method can be used only where a power or lighting 
current is available, having 1.5 amperes for each cap so connected. Thus, with 20 oai», firing oircuit 
must have at least 30 amperes. The voltage required is very low. The greater the number of 
caps in circuit, the lower the resistance. Assuming resistance of leading wire at 3 ohms and resist* 




ance of each cap at 1 ohm, the resistance of 20 caps in parallel ia (1 + 20) + 3 ohms or 3.05 ohms. 
Parallel connections of ordinary electric caps are not often used on account of large volume of 
current required. 

In parallel-series wiring (Fig 11) the caps are first connected in series of say from 4 to 10, and 
each series thus connected is in turn attached at its two free ends to the leading wires. The current 
required is found by iiiultiplying the number of 
series by 1.5, which gives the current in amperes. 

To determine required voltage, multiply resistance 
of each cap by number of cups in each series, and 
divide that by total number of series. This system 
is used frequently for firing a large number of | 
charges, where power or fighting current is avail¬ 
able. 

Electric firing may be done with a blast¬ 
ing machine, or a power or lighting circuit. 

It is generally best and simplest to use a 
blasting machine, with the caps connected in 
series; but with modem, shunt-wound mn- pjg n Parallel-eeries Wiring 

chines, having a capacity of SO caps, parallel 

series connections have been used successfully, provided not more than four series, with 
50 caps in each are connected to the machine. Ends of wires should be scraped bright 
and clean and twisted tightly together, and, if much water be present, covered with 
insulating tape. The two remaining free wires from the two caps at ends of series are 
then connected to the leading wires, which should be bent or hooked at end, to prevent 
the smaller wire from slipping if leading wires are subjected to strain. Test circuit with a 




Fig 12. Testing Circuit with 
Galvanumeter 



Fig 13. Detecting Poor Contacts in 
Electric Circuit 


blasting galvanometer at ends of leading wires which are to be attach^ to battery (Fig. 
12). This is to be sure there are no broken connections or short circuits. Poor con¬ 
tacts and connections give abnormally high resiatanee readings. Looped connTOtions of 
wires may sliow no oiTCuit one moment and nomed resista7ic6 the next. When spliced wires 
touch each other and make a short circuit, no resistance ia shown (Fig. 13). The ends of 
lAurling wires are inserted into the binding posts of blasting machine and firmly secured by 
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thumb nuts. Place blasting machine on a level spot (a dry board or jdank ia beat), to 
prevent ita tipping over, and operate handle with both hands and full force. 

If firi&B ia by meaiu of a power at lighting mrouit, uae a special switch of such design as to show 
at a glance whether oirouit is open or closed. Avoid comidioated switches, espeoially those having 
springs. The switch should be so constructed tiiat it can be locked in the open position. The 
eut-out on switches should be of ample capacity and, when delay eleotrie caps are used, the switch 
sfaoidd be oloeed and opened again as quickly as poeeible to prevent the wires in the holes from 
becoming heated, sometimes sufficiently to ignite the dynamite. 

Mode of lighting for cap and fuse firing. Often done by taking an extra piece of fuse 
2 or 3 ft long, and cutting notches in it with a knife at intervals of about 2 in. The end 

of this fuse is then lighted, and, when powder train bums up to 
a notched place, the flame spits out vigorously. By directing 
each of these flames against end of the fuse to be lighted a round 
of shots may be lighted with certainty, in a few seconds. 
This method may inflict disagreeable bums on blaster’s bands 
unless cai-e is taken. Lighting fuse with hot lamp or candle 
is unsafe, as the spit of the ignited fuse may extinguish flame 
and leave blaster in the dark. One of the surest and safest 
methods is to slit the fuse at the end to expose powder train, 
and light it by means of a lead spittbr, which consists of a 
piece of lead tube L'g in diam, filled with meal powder (Fig 
14). It bums at about same speed as fuse, but emits a strong 
shower of sparks, even in wet dripping mines and tunnels. 


fig 15. Hot-wire Fuse Lighter 



Fig 14. Lead Spitter 


The Hot-wire fuse lighter (Fig 16), which eonsists of an iron wire covered with a powder compo- 
rition, is even more convenient than the lead spitter. 'I'hey are in lengths from 7 to 12 in, and quite 
uniform in burning speed, so that they serve as a safety signal, showing the blaster when it ia time 
to retire. 


Precautions in Charging and Firing 

Don’t tamp with iron or steel bars. Use a wooden tamping stick, with no metal parts. 

Don’t force a primed cartridge into a drill-hole. Drill bole of ample size for cartridge. 

Don’t prime dynamite cartridges, nor charge nor connect drill-holes for electric firing 
during immediate approach or progre.ss of a thunderstorm. 

Don’t fasten cap to fuse with the teeth, nor by flattening it with a knife; use a crimper. 

Don’t attempt to use electric blasting caps with ordinary insulation in very wet work. 
For this purpose secure waterproof caps. 

Don't handle fuse carelessly in cold weather; when cold it is stiff and cracks easily. 

Don’t “ lace ” fuse through dynamite cartridges. This practice is frequently responsi¬ 
ble for burning the charge. 

Don’t cut fuse short to save blasting time. It is dangerous economy. 

Don't use fuse that has been injured by falling rock or in other manner. 

Don’t explode a charge before every one is well beyond danger zone and pror.ected 
from flying d6bris. Protect supply of explosives also from this source of danger. 

Don't explode a charge to chamber a drill-hole and then immediately reload it, as the 
hole will be hot and second charge may explode prematurely. 

Don’t use a " permissible ” powder in same drill-hole with another explosive. 

Don’t hurry in seeking explanation for a misfire. 

Don’t drill, bore, nor pick out a charge which has failed to explode. Where safe, drill 
and charge another hole at least 2 ft from the missed one. 

Don’t expect high explosives to do good work if you try to explode them with a 
detonator weaker than No 6. 

9. SPECIAL USES FOR EXPLOSIVES 

High explosives in cosl mining. Use of the “ permissible explosives,’* as defined by 
testing station of the Bureau of Mines (21), is increasing in both anthracite and bituminous 
fields. They were used at first in gaseous and dusty mines solely as a safety precaution. 
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because of thdr comparative freedom from lial^lity to ignite gas and dust mixtures. It is 
bow recognized that, by inteltigent use of these explosives, the softest coal is shattered as 
slightly as vnth slowest grades of black powder (30). Permissible explosiveB are used for 
rock work in hard-coal mines, and in bituminous mines, where gas pockets may be 
encountered. Different kinds of permissible explosives shorild never be used in same hole. 

Ore mining. The best tjrpe of explosive for a given case can be determined only by 
experience. It depends not only on character of ore, but on ventilation and class of labor. 
It is often feasible to substitute with satisfactory results a less expensive explosive for a 
more costiy one, in mines where the miners' may be made to adopt methods pf drilling, 
charging, and firing other than those to which they are accustomed. Thus, in soft hema¬ 
tite, a slow-acting ammonia powder properly primed, loaded, and confined, will often 
break more ore per potmd than a more expensive dynamite handled unintelligendy. The 
use of short fuse, lacing fuse through cartridge, and insufficient tamping are dangerous 
and extravagant practices, often difficult to eradicate (24,28). 

Drifting or tonneling. It is desirable to " pull the cut '* at the first shot; hence, it often 
pays to use a stronger explosive for firing the cut than is required for the relief, rib, and 
lifter holes. The effectiveness of a charge in the cut-holes can not be increased by increas¬ 
ing amount of explosive beyond a certain point, because a definite depth of tamping is 
required to prevent charge from blowing out. 

Generally, cut-holes require an explosive having strength and density of 60% gelatin. 
Blasting gelatin is sometimes the most economical for this purpose, in spite of its relatively 
high cost. In refractory rock, or one with unfavorable stratification, cut-holes are often 
blasted more satisfactorily by electricity than with cap and fuse. Delay electric caps’ 
(Art 10) are advantageous where out-holes bottom up well; but they should not be used 
in same circuit with cut-hole shots, if latter require to be loaded and fired a second time 
(6, 20, 25). 

Sloping. Every mine is an individual problem. The principal point regarding the 
explosive is the size to which it is desired to break the material. For soft ore, ammonia 
dsmomite breaks fine enough for easy handling without undue pulverizing. 'Where 
ventilation is poor, gelatin, semi-gelatin or ammonia dynamites are necessary, regardless 
of their other properties, and with much water, gelatin is best. Gelatin dynamite has 
added advantage that it will “ stick ” in “ uppers.” If necessary to lilast out dry timbers 
in old stopes, to allow the top to cave and fill worked-out spaces, a permissible explosive 
should be used, to avoid possibility of fire. 

When firing with cap and fuse, the usad (difference in length of fuse in holes designed 
to fire in succession) should never be less than 10%. For instance, if the first of such 
a round of holes has a 5-ft fuse, the hole to be fired next should have a fuse at least 6 in 
longer. With less ” lead " than this, variation in burning speed of even the best fuse 
may cause holes to fire out of order, generally spoiling the shot. When fuses are not 
lighted in their proper order, the necessity for increased “ lead ” is apparent. When 
firing holes in rotation the priming cartridge is sometimes placed at or near bottom of 
hole, so as to have all fuses burning at a safe distance inside the holes, when first shot 
explodes; then, if the collar of a hole is shot off, its fuse will not be cut, causing misfire. 
This practice is good with ammonia dsmamite or gelatin dynamite, but never with straight 
dynamites, which are readily ignited by the least side-spit from a fuse and are therefore 
liable to burn in the hole. Efficismt taupimo bhouud be insisted trpoN; it produces 
greater effect, and the more complete the detonation, the less noxious will be the fumes. 
Ready-made paper tamping bags are a convenience and their use leads miners to exercise 
more care in tamping. * 

Tunnel driving. The most satisfactory explosives are the gelatins, which have 
maximum density and water resistance, and produce minimum of fumes. In firing the 
heading, the charges must be concentrated in the bottoiA of the holes, to leave room for 
sufficient tamping to insure a clean break. The holes are usually wet, especially in the 
bench, and in dry boles or uppers, gelatin is desirable because it can be relied upon to 
“ stick.” 'Ventilation in tunnels is generally poor and the fumes from gelatins are the 
least noxious of all high explosives. For heading cut-holes, 60 or 75% gelatin is generally 
used; for relief, rib roof, floor, and bench shots, 40% gelatin is usually strong enough (48). 

Shaft sinking. Gelatin dynamite isusually be.st for shaft sinking, due to its water resist¬ 
ance, plasticity, and freedom from noxious gases. Strength depends on hardness and tough¬ 
ness of the rock. This must be determined in each case, and sometimes a change in rock as 
shaft deepens necessitates a change in strength of explosive. Strong caps are essential, 
to insure max velodty and strength from the explosive, minimum of fumes, and to offset 
possible lack of sensitiveness in the explosive due to low temperature. When the shaft 
Is not 'wet enough to require use of gelatin dynamite, consideraUe economy can be had by 



4~24 


EXPLOSIVES 


using aemi-gelsiins, which ore also suitable in the same conditions where rock is oimpara- 
lively soft. These explosives give off a minimum of obnoxious fumes. 

Qnsrryinc dimension stone; aJao stone for fills, lip-rapping, and cribbing, as well as for build' 
ing. Use eiow'soting explosives; the more powerful, quick-acting explosives shatter the stone. 
Granular, and other slow-acting powders, such ae the low-freesing ammonia grades, may be used 
in holes where an air space is left for starting a line of fracture. For subsequent blaating, black 
powder is best, fired by electric squib or ordinary fuse. For large charges, blasting powder is 
fired with advantage by a dynamite primer. 

Quarrying Small stone (for crushers, cement works, kilns, etc) (29, 32). High explosive may 
be used, the one best adapted to be determined by experience. Quick-acting explosives arc best for 
rook which readily transmits shook of explosion to a considerable distance. Hard limestone, trap, 
granite, etc, usually require dynamites of 50% strength and upwards. In very wet holes, where 
explosive is Immersed several hours, gelatin dynamites must be used. In dry work, and in rock 
which absorbs much of shock of explosion, slow-acting explosives, like granular powder and low- 
freesing ammonia powders, are usvudly best. Quick-acting explosives should not be used in rooks 
like sandstone and marl, nor slow-acting explosives m flint, granite, or the like. Low-freesing 
explosives of all grades, especially low-freesing gelatins, are preferable in cold weather, because they 
do not suffer loss in efficiency as noted with the straight grades. 

Straight nitroglycerin dynamites are not recommended for qiiarrying, as the gelatins have every 
advantage possessed by the straight powders and are much safer to handle. The only exception to 
this is that, for mudcapping, straight powders are much more effective than gelatins. In v/ell drill 
holes good results are obtain^ by using 50% or 60% gelatin in the bottom and 60% or 40% ammonia 
dynamite as a top charge, and firing with Primacord. A special gelatin has been recently developed, 
lurown as Quarry Gelatin, made on an unbalanced formula and suitable for open work only. It 
gives excellent results in hard rock quarries. It must never be used underground. 

Stripping. The slowest-acting Mgh explosives are best; granulated dynamites and low grades 
of low-freesing ammonia dynamites (20 to 30%) being generally used. In heavy stripping, holce 
should be sprung and fired with slowest-acting explosive. For dry work, free-running dynamite or 
a mixed granulation of blasting powder is most economical. For moist ground use granular dyna¬ 
mite; if very wet, a low-grade straight dynamite. High-grade dynamite, such as 40% straight, 
is good for springing charges, but not for final charge except when holes are full of water. 

Well sinking; quickest method. Small V-cut, of 4 or 6 holes, drilled by hand and loaded with 
60% gelatin dynamite; subsequently trimmed up with vertical holes of same depth and blasted with 
well-tamped charges of same explosive. Even if holes are under water, always tamp with sand to 
secure best results. 

Scrapping old machinery. When work warrants the expense, best explosive for breaking iron is 
blasting gelatin. It can be molded into shape as required, strung out to produce a break at point 
desired, and will " stick ” where no other explosive will do so. If blasting gelatin is not obtainable, 
or is too expensive, use high-grade straight dynamite (50% or 60%). Charges should be well 
covered with wet mud, or wet clay free from particles of stone or rock; with clean, fine mud. shots 
are made with slight danger to surrounding objects. Scrapping old machinery in buildings may 
frequently be done without breaking any glass, if windows are open at top and bottom when shot is 
fired. High explosive may be used for driving out keys from shafting, driving a wheel from an axle, 
or loosening spindle from a crushing roll, by using plenty of mud with small charges, placed where 
blow is to be struck. 

Road buJlding. Explosivea are used in road building principally for rock excavation, or loosening 
sand, loam, or clay. In dry work, 40% ammonia dynamite, and in wet work, 40% gelatin are best 
for hard rock, and 40% low-freesing ammonia for soft rock. For loosening soil, the weakest and 
slowest explosives are beet, since their effect extends farther than that of quicker-acting explosives. 
Low-freesing 20% ammonia dynamite, granular dynamite, and railroad black blasting powder are 
economical for this work. In loosening earth, make holes not deeper than 30 in, and 4 to 6 ft center 
to center, loading each with not more than two cartridgee of 1 V4 by 8-in dynamite. This charge 
wUl not make deep pot holes and material can be handled with horse scraper without miring the 
animals. For blasting boulders, block-holing is most economical, and 40% low-freesing dynamite 
is suitable. If time is more important than economy of explosive, boulders can be broken qticker 
by uud-OBpping or " adobe shots,” with 40 to 60% straight dynamite. Free-running high explosives 
have been developed to a point recently where they are used extensively in road building, and in 
geiteral blasting where holes are sprung, or where it is undesirable to use blasting powder on account 
of the proximity of steam shovels and dinkeys, as they are not so inflammable as black powder. 
They are made in 4 or 5 strengths, are usually packed in bags, and can be poured into the holes, 
maldng for rapidity of the loading operatipn. 

Submarine blaating. Though gelatin dynamites withstand action of water bettor than other 
high exifioeives (blaating gdatin stands water almost indefinitely), straight N G dynamites are 
usually preferred for submarine excavation because of their greater sensitiveness. The temperature 
of the water is usually so low that gelatins, less sensitive than straight dynamite under the best 
oimditjons, are very diffieult to explode completely. Hence, holea are spoiled, rock is not broken, 
end unexplod^ gelatin is found 1^ the dredges. Straight 60% dynamite is sufficiently sensitive 
to explode by concussion from an adjacent lide, if holes are not more than 4 or 6 ft apart. Conse¬ 
quently, in ease of failure of one of the eleetrio caps or oonnections, all the holes will be exploded by 
eoncussion. In submarine work, holes are generally untamped, except by water, and the quicker- 
acting straight dynamite therefore does better work. The cartridges should just fit the boles; 
sage tally nrrnsssry for shallow holas. Whsre range firing is not praetioed and gelatin is used 
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(usually 00%), u 3 by 8-in cartridge of 60% atraicbt dynamite la often uaed as a booater for the 
eleetrio oep. 

Quite recently a high-vriooity gelatin has been developed which is well suited to submarine 
blasting. It picks up its full velocity at once, thus differing from other gdatins which take from 
4 to 8 inches to reach full velocity. High-vdocity gelatin also detonates with full sUwngth and 
velocity under water pressure where any other high explosive would fail. It is much less likely to 
propagate from hole to hole than the straight nitroglycerin dynamites. 

Miscellaneous uses: clearing land of stumps and boulders; ditching and draining swamps; 
breaking log and ice jama; destroying wrecks; cutting off pilings; breaking soil for tree planting; 
hardpan and subsoil blasting; digging holes for posts and poles; excavating for foundations and 
cellars; trenching for tiling and pipe linee; breaking frosen ore and other materials; loosening 
froaen material in railroad oars; tearing down old buildings; splitting logs for railroad tiest fence 
rails, etc; cutting off large fires; starting snow slides; breaking old building foundations; blasting 
dd mine timbers; controlling forest fires. 

Black blasting powder in coal mining has so long been used that, as regards execution 
only, it is considered best for this work. Most coal minera are so familiar with its use, 
and good miners can judge it so acc^iratcly, that excellent results are usually obtained with 
it (10). The slow heaving action of black powder produces a large percentage of lump 
coal. Because of its bulk, it can be charged advantageously and estimated so closely that 
it can generally be used more economically than other powders. But, as black powder is 
loose, care and judgment are required to get best results. 

Black powder is made up by the miner in paper cartridges or shells, observing following points: 

Make cartridge of proper diam to slip into the bole without too much waste space, and of proper ' 
length to bold just the quanthy of powder necessary. Shake the powder down into the shell, to 
compact it, to minimise air-space and get the full force. After cartridge is placed in hole it must be 
well pushed back, unless an air-space is desired to cushion forco of explosion (Fig 19). 



iig 16. Blasting in Coal with Black Powder 
and Fuse 
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Fig 17. Blasting in Coal with Black Powder; 
Middle Cartridge Primed with Electric Squib 


Fuse or electric squib (Fig 16 and 17) is fastened in cartridge to ignite powder, or a 
“ needle ” (Fig IS) or a “ blasting barrel " (if hole is wet) is inserted into the powder, 
and the stomming compacted firmly around it. The more securely charge is confined, 
the greater the forco developed. When 
unconfinod it will simply bum (23, 39). 

If a miner’s squib (Art 10) is used, pull 
out needle and insert squib, largo end first, 
into hole made by needle, or in the blast¬ 
ing barrel, and ignite small end of stiuib. 

The squib burns for a few seconds, and 
then shoots back into the powder, ignit¬ 
ing it. Use right kind of stemming, so 
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Fig 18. Miner’s Needle, for Squib 


that needle-hole will be smooth, or, if barrel is used (V 4 -in iron pipe), see that the hole in 

it is clear and cfean. 

When black powder is ignited with squib 
or fuse, the force seems to spread through 
seams of the coal, displacing it forcibly. It 
does not exert a sharp shock and therefore 
does not produce much fines, if proper granu¬ 
lation of powder and correct quantity be used. 
When very slow action is desired an air-space 
is left, either between powder and stemming 
or around cartridge (Fig 19). The proper 
granulation of black powder is determined 
only by knowledge of the powder and the coal, 
and by trial. A testis necessary to determine 
eonoludvely which size of grain is best for any particular coal. 

Earth-work and soft-ore mining. In blasting soft iron ore in open-pit work, boles are 
drilled by • well drill, operated by steam, dectrioity or gasolene, or by piston or hammer 



Fig 19. Blasting in Coal. Air Space 
between Charge and Stemming 
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Where there 1e unueual dancer in using Uaok powder, due to eparits from steam 
dtovels locomotives, special high explosives may be employed. These are somewhat 
similar to permissibles, and are difficult or imposmble to ignite by a spark. But they 
are not, as a rule, so economical as black powder. 

Railroad work. In cutting through fairly solid rock, the holes are usually 18 or 20 ft 
deep, spaced 8 ft apart; they are sprung with 60% straight dynamite until each hole will 
hold sufficient explosive to break material small enough to be handled by steam shovel. 
Roughly, from 25 to 75 lb explosive per hole is used in rock of average hardness. 

As it is economical to fire simultaneouBlv as many holes as possible, a large-siBe blasting maobine, 
CT a power or lighting circuit, should be used for firing. For soft rook, shale, clay, loam, or sand, it 
is economical to use a power churn drUi. This makes a i to 6>in hole, of any required depth, 
usually 40 to 100 ft; holes usually spaced 15 or 20 ft apart. The holes are often sprung with d^a* 
mite, and after thorough cooling, usually overnight, are charged with black powder, sometimes sev¬ 
eral tons in a blast. Black powder or granulated dynamites can be used only when holes are dry, 
and with great care when working near steam shovels, locomotives, etc, as many accidents have 
occurred from sparks dropping into black powder. If work is wet and sparks can not be avoided, 
use a fairly low-grade low-freesing ammonia dynamite. In firing simultaneously a large number of 
holes (50 to 100), use waterproof electric cape, to prevent leakage of current through rook, with 
attendant chance of misfirea 

10. BLASTING SUPPLIES 

Blasting caps. A cap is a copper cylinder, closed at one end, containing a pressed 
charge of detonating composition, and is fired by a fuse. Caps are graded according to 
quantity of detonating composition contained (Table 7). 


, Bote. The table 
refers only to caps 
charged with fulmi¬ 
nate of mercury com¬ 
position (consisting 
usually of 80% fulmi¬ 
nate of mercury and 
20% chlorate of pot¬ 
ash), which is the 
standard against 
which other detonat¬ 
ing compounds are 
graded. 


Caps are often tested by placing them upright on a square lead plate, and noting sise and char¬ 
acter ^ the hole made in the plate by exploding the cap. This is only applicable for comparison 
of same type of caps, and then only to determine if caps have deteriorated. No 8 caps usually 
make no better lead-plate test than No 6, because only a small part of charge in contact with the 
plate produces efiect on the plate itself. Many other materials have been tried, some of them much 
superior to fulminate of mercury. 

For high explosives, the stronger the cap the better the execution, as a rule. No 6 
detonators shoiild be used for tunneling, shaft-sinking and similar work; large charges 
sometimes require No 8. Caps should never be crimped on fuse except with special 
crimpers made for purpose; biting them, or nicking them with a knife, is neither efficient 

nor safe. They should be stored in 
a dry place, as moisture weakens 
their force. Do not attem3?t to 

XKTRACT OOMPOSmOM FBOM CAP 

BHBiAs; it is exceedingly sensitive 
and is often detonated if scratched 
or t)icked out with a pin or similar 
instrument. Miners should not 
Pig 20. Electric Bleating Cap ^ear oil or paraffine hat-lamps 

when handling caps; many acci¬ 
dents have occurred from sparks falling into a box of caps. 

Electric blasting caps (fuzes) (Fig 20). An electric cap consists of a copper shell 
1 >/ie to 2 in loi^ by 0.273 in diameter, closed at one end. It contains a charge of deto¬ 
nating comporition, in which is embedded a fine platinum wire, connecting the two copper 



Table 7. Fulminate of Mercury Blasting Caps. 


S Grade. 

No 6 

No 8 

8 S Length of shell, in. 

1.375 

1 875 

^ 9 Calibre of shell ". 

0.234 

0.234 

P Weight of charge, grains. 

15 430 

30.860 

*** ** *' '* grams. 

1.000 

2 000 


a 

;s 

Grade. 

No 6 

No 8 

0 u 

Length of sheli, in. 

1.562 

2.000 

fe'C 

CaUbre of sheU •'. 

0.273 

0.273 

s 

Wright of charge, grains. 

15.430 

30.860 


.. grams. 

1.000 

2.000 
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vites. These copper 'wires are hdd in place and insulated from each other by three plugs; 

mixed asphalt and sulphur, asphalt alone, and sulphur alone, the latter being retained 
by corrugations in the shell. Electric caps are used for safety in gaseous and dusty 
cohieries, and for firing charges simultaneously, thus economizing explosive. OniiT omb 
KINS on BBANS OF BUBOTBIC CAPS SHOULS BB CONNBCTEO IN ONB BBSIEB. Different 
brands vary in sensitiveness, and if the caps in a series are not uniform, the least sen¬ 
sitive will probably misfire. 

Delay electric blasting caps are for firing blasts in 2 or more volleys -with one application of 
electric current. They are used in series with ordinary electric caps. When current is 
transmitted, about one second elapses before first-delay caps detonate, and same period 
between tiiese and second-delay. These detonators are useful iii tunnel driving and ace 



Fig 21. 'VentleBB Delay Electric Cap. (Aluminum foil shunt) 


especially recommended for riiaft-sinking, often enabling blaster to fire entire round 
without returning to the face. Fig 21 shows the recently introduced “ Ventloss Elelay 
Electric Cap.” 

This new development, has a uniform diam shell, in which the delay element gives oiT no gas 
In burning. This permits making various periods of delay, regardlese of the pressure under which 
the cap ie placed. Being completely scaled and waterproof, delay is uniform, regardless of the 
confinement or amount of press developed in water strata froni firing pre'vious adjacent holes. 

The holes of a round are best connected in parallel and fired with power current, if available. 
The beat way to make a parallel connection is to drive stakes into two end holes at each end of 
shaft section, stretch number 16 bare copper wire tight anreiss the face between each pair of stakes, 
and connect one wire from each cap to each of these buss wires. Then, if one leading wire is con¬ 
nected to one end of a buss wire, the other leading wire to the other end of the other buss wire, a 
balanced parallel coiineotion results, which will minimise trouble. The number of connections on 
each buss 'wire should equal the total number of holes. 

Special electric bUstilng caps. For very wet work, and where sludge and water possess high 
conductivity, special insulation of cap wires is necessary to prevent current leaking from wires 
at one end of series to wires at other end, thus forming a shunt around wires at middle of circuit. 
This condition can be detected by making resistance readings of firing circuit on a direct-reading 
ohmmeter. If reading is the same, there is no leakage; if there is a drop in resistance, after loading 
in wet holes, there is liability of eJeotrio leakage, indicating necessity for special waterproof cap wires. 
For firing charges in deep water, a special, highly waterproof electric cap is made. There are other 
modifications for various purposes, such as haring wires of larger gage than ordinary to decrease 
resistance in deep-hole blasting. Electric caps are abo made with iron wires; used where only 
2 or 3 shots are fired simultaneously. These have much higher electrical resbtance than caps with 
copper wir.ss, and are not recommended for lengths over 8 ft, Electric caps with tin-coated copper 
wires are used in certain mines where it is objectionable to have particles of bare copper in material 
mined, and where number of charges fired simultaneously makes use of iron wires impracticable 

Electric squibs are somewhat sinular to electric caps, except that the shell is aluini-. 
num instead of copper, and cap filling is fine-grained black powder instead of a detonating 
compound. They are for black powder only; can not bemused for high explosives. They 
possess advantage of simultaneously firing several charges, and permit more perfect con¬ 
finement of charge than 'with miner’s squibs; also, the charge can be ignited in middle, giv¬ 
ing a little quicker and stronger action and insuring eilplosion of entire charge before any 
portion can be cut off by fail of surrounding material. Fig. 22 shows an electric squib with 
twisted shunt. 

Ellectrio squibs are safer than fuse or ordinary squibs, because shots are not fired uutU every one, 
including blaster, is at a sate dbtance, and hang-fires are entirely prevented. They are made with 
iron or copper 'wires; iron wire b cheaper but requires stronger current (see above). 

Delay electric squibs for rotation firing with pellet or black blasting powder are similar in 
construction to delay f leetric bloating caps, but can not be used to detonate high explosives as they 
merely shoot out a small,'hot flame. 

Miner's sqiribs are for firing black powder only. The squib consuts of a core of powder com¬ 
position tightly rolled in paper; one end terminates in a slow match, made by dipping twbted end 
of paper in melted sulphur or other oombustible. In using, the squib b laid in mouth of hole formed 
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by withdrawal of neadUlt or in the blaating barrel (Art9). The other end of hole so formed terminates 
in the oharse. Outer end of squib is lighted, and burns several seoonib unUl its powder core is 
ignited, whereupon it shoots down into the charge and ignites that. Time between lighting of fuse 
and firing of charge oah be varied to a certain extent by position of tail of squib: when turn^ up 



Fig 22. Electric Squib, Closed ShelL Twisted Shunt 

it burns more slowly; when turned down, much faster. The squib is very cheap, but not so safe as 
ordinary fuse. Since it requires an opening through which to travel, the charge is not confined so 
effeotuaUy as with fuse or electric squib. 

Safety fuse consists of a train or core of a special kind of powder, tightly wrapped in 
successive turns of hemp, jute, or cotton yarn, and tape, made more or leas waterproof by 
addition of asphalt or other varnish, or gutta-percha. When tightly tamped, so that gases 
from burning powder train can not escape, the pressure causes fuse to burn slightly faster. 

The manufacturers make no warrant or representations as to the burning speed of their product, 
owing to the variety of conditions to which fuse is subjected after leaving the factory, including dif¬ 
ferences in altitude, weather conditions, character of tamping, and mishandling, all of which may 
affect the burning speed. The makers state, however, that they use every care and precaution in 
the manufacture, to bring their standard products to a standard burning speed of 00 sec per yard, 
with an allowable variation of 10% either way when burned in the open at sea level; except Clover, 
Sequoia, Astec and Charter Oak brands, where the makers endeavor to approach a standard of 120 
sec per yard, with an allowable variation of 10% either way when burned in the open at sea-leveL 
Length of fuse must always be sufficient for the bla-ster to reach a place of safety. 

For dry work, hemp fuse is good for black powder, but is too small in diameter properly to fit 
standard caps. The cheaper grades are usually the least waterproof; the more expensive, the better 
they resist water. For very wet work, or under water, gutta-percha fuse will usually serve. When 
extra precautions are necessary, the end of fuse and the blasting cap may be dipped into asphalt 
paint and dried, or joint between cap and fuse covered with tallow or soft soap. Do not use oil or 
grease, which is liable to affect powder train by dissolving the asphalt paint. As the powder in 
core of fuse absorbs moisture always cut off an inch or two from end, before inserting in cap. Cut 
off end square across, push into cap without twisting until it just touches the cap charge. If fuse 
ie out at an angle, pointed end may bend over, and by covering end of powder train, cause misfire. 
Nearly every kind of fuse spits out of sides more or less in burning, and therefore should not be 
buried in the dynamite. When necessary to have priming cartridge at bottom of hole, a fuse should 
be selected that will spit from the sides as little as possible, and cartridge shells must not be slit; 
fuse is lees likely to ignite dynamite through the paper wrapper. 

petonmtlng fuses. Primacord comprises a high explosive core of penta-erythriteotetraiiitrate 
CPETN), contained in a waterproof sheath overlaid by reinforcing coverings, and detonates at 
very high velocity, about 20 300 ft per sec. It is very light and flexible, hence easy to handle and 
connect; has good tensile strength and is quite water resistant. It is used chiefly in multiple shooting 
in deep-well drill holes and similar large blasts. The violence with which it explodes is sufficient to 
detonate high explosivee Ijring beside it in a bore hole, and a column of dynamite alongside in a deep 
bole detonates almost instantaneously throughout ite entire length. In spite of high velocity and 
violence of detonation, Primacord is very insensitive, and can not be exploded by fire, friction or 
ordinary shook, or even by a 30-cal bullet fired through a spool of it; however, since it contains high 





Fig 23. Primacord; Connecting Branch Line Fig 24. Primacord; Splicing Trunk Line 


explosive, ito hxndling and storage as an explosive is recommended. Proper method of initiating Is 
to detofiate it by blasting cap or electric blasting cap butted against its end. Fig 23 and 24 show 
the proper method of connecting branch lines to trunk line, and the proper knot for splicing trunk 
Une. 


Cap crimpen are of 8 typee (Fig. 25): (1) deeve-type (a) leaves a vent between the 
Aiae and copper sheU, and in wet work must be dipped in some cap sealing compound to 
..aohdude water; (2) deeve-type crimper (b) has an efficient fuse-cutter which cuts the fuse 
square jaorosB. but while this is desirable, it doea not make a water-tight crimp; (3) type e 
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makes aa air-tight crimp on smooth-surface fuse and will resist water well enough in 
ordinary wet holes. If there is much water, any kind of crimp should be ftirth«r pro¬ 
tected hy sealing the joint between fuse and cap. 

Blastiag machines. The usual form is a small dyncuno, the armature of which is 
rotated by a downward thrust of the rack-bar transmitted by a pinion. There are two 





Fig 25. Cap Crimpers 





Fig 26. Blasting Machine 


tsrpes; one (Fig. 26), which is series-wound, uses the entire current generated during 
descent of the rack-bar, to excite the field magnets. At end of stroke, this current is tran»- 
mitted to the binding posts and firing circuit. In shunt-wound type, the dynamo is 
fully enclosed and part of the current is shunted through the field magnets until the end 
of stroke, when a contact is made, sending the entire current out on the line. Shtmt type 
is easier to operate than the other, and having a greater volume of current, is better 
adapted to firing more than one series of holes at a time. Place machine in a firm, level 
position, and ot^erate with both hands and full force; an attempt to operate it with one 
hand, or in a half-hearted way, will often result in misfires from insufficient current. 
Keep blasting machines in dry, cool place. The commutator, brushes, and circuit- 
breaking contact points should be kept clean, bright, and free from oiL Oil bearings and 
gears occasionally. 

Single-shot blasting machines (also called pocket, or permissible machines) are 
employed, usually in coal mines, where it is necessary or desirable to fire one shot at a 
time (Fig. 27). They are capable of firing up to 3 shots simultaneously. Constructed on 
the magneto principle, they are operated by a quick twist of the handle, which is removable 
and acts os a lock to prevent premature or accidental operation. 

Dry cells also are sometimes used for single-shot firing, usually 
consisting of 3 carbon-xino elements, connected in series; but, as 
the contact points are always alive, they are not as safe as the 
magneto machines, the binding posts of which ore dead except at 
end of stroke. 

Blasting galvanometers are of two general types: one merely 
indicates whether circuit is open or closed; the other is essen¬ 
tially a small direct-reading ohmmeter, indicating by movement 
of a needle across graduated scale the approximate resistance of 
blasting circuit in ohms. With the latter, it may be determined 
whether a given blasting circuit is complete, or brokbn, or short- 
circuited. By a table, given below, showing resistance of electric 
caps with different lengths and sizes of connecting and leading 
wire, the exact condition of blasting circuit at moment of firing 
may be determined fairly accurately. The blasting galvanometer 
is a valuable adjvmct, and, where a considerable amount of electric 
blasting is done, sliould form part of blaster's eqmpment. In 
addition to breaks and short circuits, it also detects leakage of 
current through ground, rails, air pipes, steam pipes, and imper¬ 
fect connections. The instrument is furnishod with a silver chloride cell, which is constant 
in its current output. The current thereby generated is less than one-tenth of that re¬ 
quired to explode an electric blasting cap. The ordinary type of direct-reading ohmmeter 



Fig. 27. Single-ehot 
(Pocket) Blasting 
Machine 
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and battery tester, ocmtaiiung regular or flash-light drynsell batteries, enll readily send 
giiffident current through a Uaeting circuit to explode an electric cap, and dioutd never 
under any circumstances be used for testing any sort of blasthig circuit or electric 
blasting cap. 

Blsatiag DMichiM 'testers (rheostats). These are for determinine inexpensively the capacity 
and condition of a blasting machine. There are several types. One provides a means of sending a 
current through different resistances and a small lamp, so that, when connected to the poles eorre- 
sponding to type of blasting machine tested, a bright flash shows that the machine is up to standard. 
Another tester has 6 posts, with different resistances so arranged that 20 oombinations of varying 
resistance may be obtained in connection with use of an electric blasting cap in series, acting as an 
indicator. It is thus possible to determine whether blasting machine is up to strength, and if not, 
just how many caps in circuit it is capable of firing. By its use overloading a given blasting machine 
is avoided, with consequent danger of insufficient current and misfires. 

Connecting and leading wire. Connecting -wire is used for connecting the electric 
cap wires of one hole to wires of cap in an adjacent hole. As sold by dealers in blasting 
supplies, it is usually No 20 or No 21 B & S gage, wound on 1 and 2-lb spools. The 
use of the larger gage wire is advisable, as it adds less to the r^stance of firing circuit 


Table 8. Resistance in Ohms of Electrical Firing Devices * 


Length 
of wires, 
ft 

Regular and 
waterproof elec¬ 
tric caps with 
plain or enam¬ 
eled copper wire 
(includes duplex 
wrap) 

'Seismograph 

electric 

caps 

Delay electric 
caps, delay elec¬ 
tric igniters and 
electric squibs 
with plain or 
enameled copper 
wires 

Electric caps 
with 

iron wire 

Delay eleclrio 
caps, delay 
electric igniters 
and electric 
squibs with 
iron wire 

4 


0.99 

1.03 

1.99 

1.73 

5 


l.Ol 

1.07 

2.19 

1.93 

6 

1.32 

1.03 

1.10 

2.39 

2.14 

7 

1.35 

1.05 

1.13 

2.59 

2.33 

8 

1.38 

1.07 

1.16 

2.80 

2.55 

9 

1.42 

1.10 

1.20 

3.00 

2.75 

10 

1.45 

1.12 

1.23 

3.22 

2.95 

12 

1.51 

1.16 

1.29 



14 

1.58 

1.20 

1.35 



16 

1.64 

1.25 

1.42 



18 

1.71 

1.29 

1.49 



20 

1.79 

1.33 

1.57 



22 

1.86 

1.37 

1.64 



24 

1.93 

1.41 

1.71 


is • * e 

26 


1.46 

1.78 



28 

2.07 

1.50 

1.85 



30 

2.14 

1.54 

1.92 



40 

2.48 

1.75 

2.26 



SO 

2.83 

1.96 

2.61 



60 

3.17 

2.18 

2.95 




* These figures, from E. I. duPont de Nemours Powder Co, apply to products nutde by that 
concern. Th^ are approx correct for most other makes of caps. 
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TUb win dunild not be uaed for noaneoting e line of h<^ to Unsting m«ohin»; ler 'Aet 
pwpon EJULonra wnw Aould be uaedi 14b 143 A S gaia tiire, 

ino^of 500 ft, is satisfactory for all lm<iB of dry uroriL For vue geats, fse Seo 42, Aft 3* 

Rsflstsaes tekss. The reeutaaoe (rf eo|>per ein, BAS ga«e» per 1000 fti of sues ueusUy 
SmpUtj^ fa eieetno blaatlBg, is: 


Gage No 

Ohms 

8 

0 6271 

10 

0 0972 

18 

1.586 

14 

2 621 

16 

4 009 

18 

6 374 

20 

10.14 

21 

12 78 

22 

16.12 


Power and bghtiaf oironit 
Leading wire 

Sometimes used for leading wire, but not 
recommended for bring large oiremti 

Connecting wire 

Sue attached to electna caps 


Wises of eleotric caps 
have a teSistance of 0.032 
ohm per ft (douUed). The 
resistance of the bndge wire 
in tile cap vturies from 0.859 
to 1.1 olm, depending on 
the manufacture; it does 
not necessardy indicate the 
sensitiveness of the oai>. 


Resistance of electrical firing devices. These include electric blasting caps, electric 
equibs, delay diectnc blastmg raps and delay eieetnc Igniters, witii botii copper and iron 
wires. Enameled copper wires have same resistance as plain wires^ but much better 
rsaistanoe to dectncal leakage. 
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ROCK EXCAVATION 


This section eontuns dsts on blastinit in general, and surface excavation of rock, as in open*eut 
mining, quarrying, railroad and highvt^y tb;ou^-cu,U .and side-hill cuts, and benelung. Related 
subjects are: Explosives (Sec 4), Tui^lint Sinking (Sec 7) and Machine Drills and 

Compressors (Sec 15). 

In this revision, much material of the first edition has been retained, including many cost figures 



1. FACTORS AFFECTING METHODS AND COSTS 

I 

Open-cut methods depend upon size, location and purpose of the work. Costs vary 
greatly with the method adopted, together with the charadter of rock. 

Chaimnter end termatioa of rock i^ect drilling speed, amount of ezploeive, siae into which the 
took breaks, mode of breaking, and tonnage handled. DaiLUVo seann. In hard, tough rooks 
this is genersHy mueh lower than in aoft, thougb, in some shales and other friable'rooks, accumula¬ 
tion of sludge in the hole prevents the drill from striking an effective blow and retards drilling. 
This is especially true with solid steel, end may be remedied by using a water jet. Art 4. In srrft 
rooks a heavy blow may seat th'e bit so that it sticks. Seamy, blooky rook also causes sticking or 
riTcaKHiNa; overcome by withdrawing the bit and ^pmung into the hole a handful of quarts or 
C-I fragments. Hard, friable minerals inay make easV-dtilMng rock, as some pyrites and sandstone. 
Grains of soft sandstone essUy break loose and are blown from the hole, whereas sandstone cemented 
with SiOj may drill as hard as solid quarts. Amount and kind or BXPLOsiva (dee 4> is determined 
only by test or experience (Table 1). SirB or pibcks into which hock bbbakb depends somewhat 


Table 1. Relative Teugbueas of Rocks, Tested with Drop Hammer (23) 



Tough- 

Ft lb 

Kind of rook 

ness. 

Lime- 

per 

Ml ft of 


atone “ 1 

fracture 

Freeh diabase. 

3.0 

6a4<.» 

Pyroxene quartsite.. 

2.7 

562.4 

Sandstone. 

2.6 

541.6 

Altered diabase. 

2.4 

499.9 

Fresh basalt. 

2 3 

479.1 

Hornblende-schist... 

2.1 

437.4 

Diorite. 

2.1 

437.4 

Hornblende granite.. 

2.1 

437.4 

Rhsrolite. 

2.0 

416 6 

Quartsite. 

1.9 j 

395.7 

Biotite gneisa. 

1.9 

395.7 

Augite-diorite. 

1.9 

395 7 

Altered basalt.. 

1 7 

354.1 



Tough- 

Ft lb 

Kind of rock 

ness. 

Lime- 

per 

aq ft of 


stone ,«*’l 

fracture 

Feldspathir sandstone., 

.7 

354.1 

Gabbro. 

.6 

333.2 

Chert. 

.5 

312.4 

Calcareous sandstone.. 

.5 

312.4 

Granite. 

.5 

312.4 

Slate. 

.2 

249.9 

Granite-gneiss. 

.2 

249.9 

Andesite. 

.1 

229.1 

l.imeetone. 

.0 

206.3 

Mica-echist. 

.0 

208.3 

Dolomite. 

.0 

205.3 

Biotite-granite. 

.0 

205.3 

Hornblende-gneiss.... 

I.O 

208.3 


on toughness, but more on presence or absence of joint planes. Pieces too large to load require 
blockholing, which is costly and delays loading (Art 7; also see Sec 10). Manner op shbakino 
is affected by position of joint planes and the dip of strata. As rock can not be excavated to neat 
lines by blasting, more must be removed than required; this excess is called ovbkbkbakaob. Unit 
of measurement of open-cut czoavation is the cu yd. Table 2 gives weights of rocks. 

Overbreakage for 8 months daring 1909 in open-cut work on the Livingstone improvement of 
the Detroit River was 14.7%; 273 750 cu yd of limestone excavation was paid for, and 314 000 
eu yd loosened (12). Overbreakage in open cute (mostly in granite), on Grand Trunk Pacifie R R, 
was 10 to 40% (20) Overbreakage in the approaches to a tunnel near PeekskiU was 10%, the strata 
dipping at a high ang> (20). 

Voids ra bard rock, when broken by a crusher, amount to about 35% if all eises are mixed and 
the stone .slightly shaken, hut, if sereened, each sim has 45 to 48% voids. Soft, friable rocks, os 
shales, break into widely varjutg aisea and therefore have a lower percentage of voids Hard rock 
Moated in large pieces and titrown into oats has about 40 to 46% voids, I ou yd of solid rook making 
1.87 to 1.82 eu yd broken. 


Voids. 

No of eu yd, loose measure, from 
1 eu yd of solid rock. 


30% 36% 

1.43 1.54 


40% 45% 

1.60 1.00 


50% 56% 


2.00 2.22 




























< ?!F^**f* W«l|^ of Rocks 

Vat weii^ts 1^ miunla a^'Otte^ Sao 26, Tabto'ft; Bee 1, ■ D e e c ri p ti ire TeUee 


-»-.. ■ 

f ^ ' 

^ Ma£irial ' * 

Wt par dutft, lb 

■* "r_i_~ _A_&_ 

Cult pear ton 

ToitB per eu yd 

^ place'" 

Brokeif' 

. .. . Vw. 

lirpl&pe 

Broken 

In pla «4 

(Brohki 

DolomiteJ'. . 

Gneiae... 

Gramte and porfdiyicy;!.... 

Greenstone and traP'.. 

*HemMte.. 

limegtonr.*.. 

^Limestone orea. 

Quarts..... 

■njuartsose orth. 

Sandstone. 

Slate.,..... 

*Vettt quarts..... 

aVein quarts, 15% FbS... . 
’t'Veln quarts, 15t% FeSg ,. 

166^ 

168 
- 176 

187 

267 

I48 

154 

165 

138 

151 

175 

lot 
{ 166 

■ ■ ■ 96 ■' 

, 9% 

- 107 

• 

94 

‘ “ M " ‘ 
95- 

12.5 

11 9 
11.8 ■ 
10 7 

7.5 
. 11.9 

■IF 0- 
12.1 
14.5 ’ 

13.2 
11.4 

13 5 

12 2 . 
12 5 


2.15 

2 27 
2.30 
2.52 

3 66/ 
2.27 

2 00 

2 23 

1 86 

2 08 

2 36 

2 06 

2 21 

2 16 

1.30 

1.30 

1.31 
1.39 

1.36 

1.27 

1.16 

1.28 


' ,* Refei^ to possible wt of cu-ee; pure lnin«rel8,/iteualljr weifli more. 


.^veOiiiC &i,BU. On excsveting q.mixture of eoIi9 and mosc roAsk and earth, 1 eu yd kt place 
makes about i>4 eii yd in, fill.. ;Jf rook be fireli stripped of earthy and tlum blasted and dumped by 
itseUfl>''ibe percental^ of voids is I'ar^,. At Boulder^ Oslo, ^ &io ou yd ef s^d rock made a 6 34U 
ou yd embanltmentT a ratio of 1 r L51-. ' In V ir ^ a ia , 60 OOH ■ctf yd -of limeetone-and-'miea echist, 
broken and put in embankment, made 00 000 cti yd, an increase of S0%. In eubaqueons exca¬ 
vation, Ashtabula Harbor, O, 62 86Q ou yd (place meMure) gave 103 537 ou yd measx^ed in scows, 
an increase of 65%. ' ' '' '*.■ 

2. DkllJU STE& 

Shape and temper of bite greatly influence efficiency of drilling.' While qutdity of drill 
steel has in late years approached standardiCation, its proper heat treatment for given 
working conditions is still debataihle, notwithstanding much research and ezpehmenta* 
tion (2, 4). 

Types of bit in common use (Fig 1) • For machipp drills in jeneral, usual shapes of 
cutting edge are: right-angle cross, X and Z, and mbdiflcatio'bs, like the Carr bit and 
others. For kahubr' muLiiS, the fl-point bit is common, but its advantages are not 
apparent, except for the smaller maclnnes, like sinkers. There is little difference between 
cross and 6-point bits .in respect of ease of sbahiening. Z bit is less repdily made, and 
diflBcnIt to temper for staziding up under high air press, due to weakness of tips of cutting 
edges. Carr bit is easiest of all to make and readily takes a hard temper. 

Pit wings should be thick enough (usually 0.5--0.76 in) to stand up WfU, but as thin as consistent 
with strength, to leave space for free ejection of outtinga;'tha bit then "muds'* well and cuts faster, 
dags and shape of bit must permit of fr.ee rotation in the bole. Cutting edge must be symmetrical, 
to equoUse wear, and prevent .xisLiMa, with consaquent raTcnaiBiwa of the bit; which Causea 
abBwmal atraiiis, with danger at. breaking bit dr machine.' 

. Angle of .cutting edge' (angle between its sides) averages about 90^; if much greater, the bit 
crushes rather than fractures the rock; if less, it cuts, faster, but also dbBs faster and is more liable 
to break. In soft rock, a slender cutting edge tends to penetrate past the point of fracture, tbiu 
wasting energy |in crusUng and wedging out the rock. Outside taper of the wings of a cross bit 
is measured by their angle with the axis. This anglej ih a bit good for rapid ci^ting, long, wear and 
ease of resharpening, begins at about; 14* and, linear, dutiing edge, endb at 6*. Oiam of Ut's outer 
guiding surfaces thjsn nearly eqiukl'ithat'bf Cke.cutting edca, which jS thus well supported, inoreasing 
life of the gage,;'ai^ minimieing tendempr-'to rifle., ! ' 

- 'Codq»rative df bahunerTdrUl bitai by Forbed and Barton (4),, in drilling very hard granite, 

, led to't'beioUomng ooiioluMons: (a) in d6%n holes, cutting speed varies inversely m diarn^, at least 
' foE-'smaU gages;. (6). k’illing speed inoceaaes.aJmastL liniformiy with increase of air prses. Alwut 
: 86 lb seems be^t adapted to all bits for drill,ing in ,the granite used for ^ts; (e) speed of dnlling 
' gpptesrs'prbportiqnatte odaieeness, of cuttini^, as sholvtv by screen analysis and study of bottoms of 
I drill, h^e8;;'(d} e<MMiderii^’;its butting qi;^ities, smali Ibss in gage, and ease of making and temper- 
'ihg^ the Carr bitu eadelwnt for .rock of aver hardness j («) at lowjadr press and in soft r6ok, Z bit 
may surpass the Carr bit in cutting sphed; but, dub to difficulty of forging and tempering, it-is 
less desirable; (y). 6-]^int bit is apparently tAf^or Ibi ordinary Work, but may be useful for starting 
boles and ahalldw^lnriingt for high Ur press and'very hard rock, the cross bit, with a 6* outer 
taper on the wihsjsVaeemaahpiBrior to alt dthers, ' ) 

.W^e tee^ in nthnr rocks 'miglrt show diSerent rbsuits, the relative cutting quality of different 
bite wo.uid' probably be the same in U1 rooks, , ptber oharaotsristics, as mudding fraely and iteedom 
fikfd’fitcbwnik,'buy bettkf than another fxM'aoft'tdbfal.-' 
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DBItXi STEEL AND BITS 6^)5 

TbM* 4. Ltaith of Bar Stock Reqnlrad to Form Sfmnk and Bit of Drill Stodi 


iSwtioD: 


aonowaiia 
soUd hex, 
round, oot, 
or erue; 
rise, in 

3 Vi" 

Jack- 

hamer- 

shank 

4W' 

Jadc- 

hamar- 

shank 

Leynsr 

lugehank 

Stoper 
Stl^, 
allow for 
shank 

Fiston-drill steel 

With 

shank 

Without 

shank 

7/8 

7 

3 


6 

4 Vi 

5 

1 

63/4 

7«/4 

8 

6 

51/4 

sv* 

IVit 


76/8 

76/8 

6 

53/4 

6 

IV4 



7 Vs 

6 

53/4 

« 


Length of stook for forging fhank, in 


CroM and Cur Uto 

Diun of bit, in; length of atook for for^ng bit, in 



M/S 

■ 6/8 

■6/4 

■ 7/8 

2 

2V8 

2V4 

2 8/8 

21/2 

26/8 

23/4 

27/8 

3 

■ 7/S 

M/s 

2 

2 Vs 

■>6/8 1 

41/8 

51/4 

61/4 

81/4 



IB3 


fni 

1 

7/8 

■ 1/8 

■ VS 

16/4 

2 

MO 

31/4: 

41/4 



Beal 


mm 

1V3 

6/4 

1 

■1/4 

■ Vs 

■6/4 

tui 

21/2 

31/8 



WBa 

BfiZi 


11/4 


Vi 

6/8 

6/4 

1 

usk 

■ 1/sl 

ia/4 



DH 

m 

mSA 


6-Paint Roae bit; length of stock for forging bit, in 

7/8 

I 

■ 7/8 

■ 1/8 

21/8 
■ Vs 

51/4 

16/4 

41/4 

21/4 

51/4 

3 

66/8 

33/4 

81/4 

4V4 

91/2 

[58/4 

1 12 

■ 5 Vs 
86/8 

■ 71/4 
96/8 



7 

■03/4 

11 Vs 

■ 1/8 

7/8 

■1/8 

ll/s 

■ 7/8 

23/8 

2 6/8 

31/4 

137/8 

4 3/4 

61/2 

71/2 

81/4 

9 


To find length of bu required for any length of steel, add to the length given in table for ahank 
and fait, the '*drilling length" (depth of hole). 

Hints on drill stool (Sullivan Msch’y Co), that may well be posted in blaoksmitii shop: 

Don’t use poor or dull drill steel, nor steel with a soft striking or shank end; don’t use steels 
if shank end is not properly squared, or if shank is not of correct length; don’t attempt to use a 
Steel the shank of which will not enter the chuek bushing freely; don’t overheat the steel; dim’t 
forge a bit and use only the reguUr dolly, as it will result in a very short upset, which does not give 
cutting edges any support while drilling, resulting in broken wings; don’t leave round oomen after 
sharpening. Midie them square; resulting in fastu drilUng speed, and prolonging life of bit; don’t 
forget that tiie bit tips are hottw than the center when heated hurriedly, and that they cool quicker; 
don’t hammer cold steel; it is hud work, and injures the steeL 

Be sure that: drill steel is straight and bit and ahank ue formed in alinement with the steel 
body; ahank is of propu length and shape; lugs or coUu at base of shank are of proper diem and 
length: hole throughout the sted is of proper sise and free from obstruction; striking end of shank 
is flat and square, with inner and outer edges slightly rounded; tut is of proper shape, with cutting 
and naming edges formed full and to required sise; gage of bit is of correct sise for the length of steel; 
reaming edges are ooncentric with axis of steel; angle of reaming side corresponds to the standard 
estaUiahed for existing conditions; there ue no shup comers at shoidder, where bit blends into the 
steel body; drill steel is free from cracks and other imperfections that might result in breakage; 
steels are ot proper length to correspond with the established length of steel change; hole in hoQow 
sted used with air-tube and water-tube drills is punched out at shank end, to a diam of 3/g in, for 
at least 3 in. 

Hand sharpening. Bits should be constantly turned in the fire, removed when eheny 
red and dressed. The edge of a badly-wom chisel bit is first upset to give it proper width. 
The bit is then held on the anvil at a slope of about 1 rise to 2 horis, with its edge even witli 
edge of the anvil. While hammering it is turned after each half-dosen blows. A file may 
be used on the hot bit for final dressing. Blows shoufd be light and glancing, to draw the 
fibers of the steel towards the edge, thus toughening the metal. There are 2 methods of 
sharpening machine-drill bits: bst-bammsb and fui.u:b-ani>-doij.t. In the first, a set- 
hammer is placed on the bevels for driving the steel back. After being sharpened a few 
<times a drill bit must be reformed. In the second method the steel is first drawn sharp at 
the comess with a fuller and then set back in the center with a dolly. 

Machine sharpeners (Sec 15) diould be used except for small work, where cost of a 
machine would be prohibitive. Large saving results from proper heat treatment, starting 
with the initial forging heat. Unless this is correct, later heat treatment is useless. 

Physical properties of fho Ut depend upon the temperature of die steel preceding both foridug 
and quenching, and the care exueis^ in forging. The finest grain exists as the steel psases through 
die critical range on the rising heat. Further heating coarsens the grain, which effect renuuns in 





















































BOCS. BXXiA-TATXmy' 


Uw if altmwii <i «o«l l»P#l9a# • Sflet VtHtodM »oa1^ii«d^td tbs 

ontaeal temp u reeo^ if it be etopped while the eteel u above the pritieat (pmPt eoaipe erjmtaUi- 
■aiion agate seta laT ^ oontinusd b^aw that temp, dlstorUooa and internal etraina nre oawedt 
reaultuic in bnttlenees and brealcate ahoiUa not be allowed to soak * ip the fprhaeeir at it 

iacreBses coaiaeneas of atructure 


Ontical teiBpenittire ican be prncticaUy understood by watching the alow beating of a 
pteee of sted. It ^gbtena in color witb nsing hdat, tintal a p<^ la reached where it 

apparently beconle» a trifle darker tiian the fUriiaie 
llie darkening is due to absorption of heat, and the 
temp at whiph this absorption taken place w the db 
OAUB8CBNT or cRmcAL POINT If hsatihg ecgilanuea 
the steel again assumes the same bnlhanoe as the fur¬ 
nace If the furnace is now allowed to ouol dowdy, a 
point IS reached where the steel remains visibly 
brighter than the furnace, but in a few tooonds it 
assumes color of the furnace and darkens with it The 
bnghtenmg, due to throwing off heat, occurs at the 
sscaueacBNT point 
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Ttae ndn 

Critical Temperatures for 
High-carbon Steel (Steel and ita 
Tr^ment, C F Iloughten 4; Co) 


Fig 2 shows the cntieal temp for high-earbon ated, heated 
dowly to about 1 500° F snd then allowed to cool slowly 
The entical point vanes according to the eaibon contents 
for steel coatoiiung 0 fi-0 9% carbon the range is 1 420°- 
1350° 1* As steel becomes non-magnetie at about the 
ontical temp that point can be determined for a given steel 
by bringing the heated bit close to an ordinary magnet if 
the magnet is attracted the temp u below the oritiiml point 
Magnetu indicators for blaeksmitha' use display a lighted 
lamp to show th'it the steel le atiU magnetic and requires 
further heating 


Coohng bath for quenching heated steel may be of water brine rape-seed oil, taflow, 
or coal tar Bnne is thb fastest quenching medium but is diffloult to keep at constant 
temp tar is dowest Oil is used when a high degree of hardness is not necessary 
CVoulating cold water is best, for umform results its temp must be fairly constant When 
the steel reaches proper temp quenching should be rapid its 
pbjcct being to retain the cWactenatics of the metal as pro¬ 
duced by proper heating 

Important points for heat treatment of drill steel (2) (a) tfse only 

best grade of steel (6) Use oil g is or elec furnace which permit dose 
rcgulauon of temp impoeeible with coal or coke (r) For both forging 
and tempemig heat in a non-oxidising furnace atmMphere Oxidising 
aonoa eajsea eoaling and decarbonnation Indirect (reflected) heat 
» daetrable (d) horge bats at a temp above the critical point but 
never diove 1 600° F Never forge bit or ehank nhen steel is too cold, 
foegiflg should stop at or just above the critical point if necessary, 
mheat Forge by rapid hammering not bj squeeniig or bulldoung, 

(s) For tempering heat to 1 450-1 500°, quenthtng on a rising h«at, 
never after temp bm fallen below 1 )75° The lower the temp while 
still above the critical range the greater the densiti hardness and 
toughness of steel (f) Always quench the steel by holding it ver¬ 
tically (g) Temper bits only ns far back from rutting edge as W|U give 
desned tesuhe (A) After forging phneal by beating to 1 550° covering with powdered lims if 
possible better tempering u thus obtained (i) NeVbr forge and temper on aame heat j) Keep 
quenching bath cool; if neeeasary agitate the ba*h to prbveiH ita heatiAg too rapidly (i) Beat- 
treat Cuttipg end of bit to insure a core of max density and hardness and that aU aurfaeSs subject 
to wear are supported by a toughened core (I) f hemical cOmpoMtioD of drill steel si otdd bo 
irlthm following hmits, C 0 85-4)90%, Mu. 0 iO-0 40% Si. 010-020%, P not over 9 03%. 
8, not over 0 03% 

Rsdainnug dhoit lengths of steel by welding (6) For 1 2> in hplloyr steel time recuired is 
grmdmg ends square and romoMitg ecate 2 mm eoutiterauiting I mm welding by ‘lee butt 
method, 025-0 35 tun tcttal, i 3 nun Power conaumptfon about 0 25 kw hr per weld of open 
circuit, voltage about 4 volts to insure ease in flashing One man cm prepare and Sreld 2 piecSa 
of steel of aver sise lu „be*it 5 mm Subsequent heat treating may be done in the weldtf, by 
increoBihg the opening between dies to 3 or 4 in again ol imping the welded atsel in the <bee, 
beating to pri^r temp aqd e'qwly cooling m lime leets by Sullivan Mach y Cot on steda thus 
welded gave satisfactory resiulte, M oompared to those of original steels 

fitctiMfll dfill rod« (Fig 4) have Bden used for holes to 270 depth, with hgpuner 
dnlig like Wflugh Models 31 and 34, of Denver Book Drdl Mfg Co, rngkee and beak- 
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tresta the apedal eteel eleevea for joinhig the aeotiona. The heavy duty thrown on the 
drSl’a rotatins meohamam in deep holes requires 
uae of l&a independent rotation t 3 i>e (7,8). Deep 
holea can thus ^ drilled at any reasonable anglei for 
exploring and sampling orebodies (42). 

Table 6 giT«e coat of such work by Chief Consol 
Mining Co, Utah, in 1924. The figures include ohsnpng 
off depreo of equipment in 2 yean; sleeves and steel 
were taken at 10^ per ft drilled, other charges being 
direct disUibuted. Wages: driller, $5.26, helper, |4.75. 

Monthly coats, 2S-904 per ft of hole; monthly aver 
drilled per sMft, 12.2-34 ft; deepest hole, 272 ft. About 
$1 per ft covered all costs of actual drilling. During 8 
months' use of diamond drills for same work, cost averaged 
14.94 per ft. It was considered that, to depth of 250 ft, 
hammer drills had a 5 to 1 advantage over diamond drills. 

Detachsbls rock-drill bits. Use of detachable bits has greatly increased in recent 

years. Many regular steel and drill manufacturers 
supply them in various bit gages from 1 Vt to 4 in. 
Chief types are the 4-point cross bit. 6-point or 
rose bit and Carr bit with either side or center 
hole; the commonest is the 4-point cross bit. 
The bits are threaded to the drill shank, and are 
easily changed. They are especially advantageous 
for scattered or isolated work, such as rock ex¬ 
cavation in road construction. A number of 
large metal mines have adopted them and reports 
indicate savings of 10% to 35% over the conven¬ 
tional type. In the U 8 Bureau of Mines Inforin 
Circ 6911 the following advantages are listed; 
(1) saving in transport between shop and working 
face (nipping); (2) faster drilling; (3) reduction 
in loss of steel from all causes; (4) more inches 
drilled per bit; (5) less stock of steel required, 
hence less investment; (6) smaller gage loss per 
bit; (7) smaller gage changes, due to precision 
and uniformity of factory shaping; (8) lower total 
cost per ft of hole. 

Bits can be reground 3 times in most cases to 
next following gage; and then rehardened and reground 2 or 3 times more, making in all 
an aver use of 5 or 6 times per bit. 

3. METHODS OF HAND DRILLING 

Methods. SiNann-RAND drilling is usually practicable in the softer rocks to depth 
of about 3 ft; wt of hammer, 3-5 to 4.5 lb. Double-hand drilling is good for deep holes 
or very hard rock; 2 strikers may bo employed; wt of hammer, 10 lb. For 6 to 8-ft holes, 
the starting bit is usually 1.25 to l.S-in gage. Churn drill, well handled, is effective for 
deep vertical holes. It is raised and dropped by one or more men. (See Sec 9.) 

Effect of diam of hole on the speed of drilling has never been fully determined. In general, 
doubling the diam divides the speed by from 2 to 4. , 

Direction of hole. A horis hole is drilled at about 0.5 the speed of a vertical down hole; in 
"uppers" the speed is materially less. Horis and up holes are usually dry, and the cuttings prevent 
the bit from striking the rock effectively; water in down hples keeps the cuttings in suspension, 
permitting the bit to strike against a relatively clean face. 

Hardness of rock as affecting speed of drilling. In vertical holes (1.6-in starting bit), 1 man 
bolding and 2 men striking can in 10 hr drill 6-ft holes at following rates: granite, 7 ft; trap, 11 ft; 
limestone, 16 ft. 

Hand chum drilling. 30-ft holes in blue sandstone, 2.7o-in diam at start and 1.5-in at 
bottom, can be made in 10 hr; 3 men working on first 18 ft, 4 men on last 12 ft; brown 
sandstone is slightly harder to drill. On Mesabi Range, Minn, 4 men drill 40 ft of 1.5-in 
bole in stripping overbprden and 96 ft in iron ore. 

Hand-power anger drills are sometimes used for prospecting and boring bleat holes in soft 
ground, as coal, slate, shale, salt, gypsum, and talc. They vary from aimple hand augera to slab- 
orate with tripod or poat mountinga. Mounted maehinee weigh 80 to 100 lb (Soo 9). 
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DiADUHid drill 



Braly-North Butts Hinlug Co 



Wsiwfa.Oaiwsr Bock Drill Hfg Co 

Fig 4. Evolution of Sectional 
DiiU Rods (7) 


Table S. Coat of Doep-hole 
Hammer Drilling (8) 



Per ft 

Labor. 

$0.44 
0.13 

O.ll 

0 '7 

0 07 
0.05 

to 97 

Misc labor and auppliea.. ■. 
Air oharge, bit sharpening, 
and making up new steel.. 

Depree of equipment. 

Supervision. 

Blasting out for aet-up room 

Total. 
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BOCK EXCAVATION 


Kind of work 


Railroad cut. 

Open cut. 

Open cut ... 
Stdc'hill cut... 
Open cut .. . 
Railroad cut. 
Railroad cut.. 
Railroad-cut. 
Railroad cut. 

Block holes... 

Trench. 

Trench. 

Tunnel. 

Tunnel. 

Tunnel. 

Tunnel. 

Tunnel. 

Mine.| 

Mine. 

Mine. 

Tunnel. 

Shaft. 


TtU« 6. Rate of H«nd>h«mm«r Drilling (Original) 


' Kind of rock 


Hard limeetone. 

Mica Bchist. 

Mica schist. 

Gneiss..'. 

Hard porphyry. 

Very hard granite. 

Dark hornblende. 

Rod granite. 

I'rap, diabase. 

Red granite. 

Limestone. 

Shale. 

Gneiss, tough schist. 

Very hard mica schist. 

Conglomerate, shale. 

Tough sandstone. 

Very hard syenite, quartzite., 
Augite diorite, firm red 
porphyry 

Chalcopyrite, limestone. 

Medium rock. 

Compact phonoiite dike. 

Compact phonoiite dike ... 


Men 

per 

driU 


1 

2-3 


Hr 

per 

^y 


10 


10 

10 


10 

10 

10 

10 

10 

8 


10 

8 

9 

8 

10 

10 

8 

8 


Oiam of Bit, in 


Start¬ 

ing 


n/8 

1 Vs 

2 


I S/8 
I S/S 

IS/S 

13/8 

13/4 


13/8 

11/4 


Vs 


18/4 
1 1/4 


I 1/4 
11/4 


Finishing 


11/2 

11/4 

11/4 

11/4-11/8 


11/4 


Depth 
of hole, 
ft 


7.5 
7 5 
6-16 
20 


12 

12 

12 

0.5-4 
av 1.25 


2.0 

1.67 


1.5 

1.0 

6.0 


2.5 

2.5 

2.5 


Ft par 
hr 


1.7 

1.5 

1.5 

1.41 

0 . 6 - 0.8 
1.4 
2.9 
2.0 
1.85 

I 1.04 

1.25 

0.95 

0.35 

1.00 


1.19 

1.25 

1.48 

1.0 

0.5 

1.0 

1.2 


4. METHODS AND COST OF OPEN-CUT MACHINE DRILLING 

Drill nountings (Sec 15) for open-cut work are the tripod, quarry-bar, gadder, special carriage 
for deep holes, and the derrick or wagon mounting, commonly called “wagon drill”. Qdabry bab 
is a horiz bar supported at each end by leg.4. It is 3 to 6 in diam, 8 to 12 ft long. These bars are 
primarily for drilling in quarries a number of rows of vertical holes close together, but may be used 
tor similar work in trenches, etc. Gaudeb is a quarry device for drilling a number of parallel holes 
in a plane at any angle, from horiz to vertical, os the undercutting holes in a bench paitiy freed by 
channeling. A heavy carriage, running on a track, has hinged to it a standard, adjustable at 
different angles, on which slides a saddle carrying the drill. Wagon mounting is a steel frame 
and derrick, on .3 or 4 wheels either all steel or with pneumatic tires; or on steel skids. Various 
type drills can be used._ The whole mounting is easily moved by hand. In some types the derrick 
can be canted, for drilling at angles other than verticaj. Holes to 40 ft deep can be drilled with 
steel changes of 6 to 10 ft. Some drills are equipped with air motors and automatic feed. In larger, 
types for down holes, say to 40 ft, the drill is fed by its own weight, plus a slab-back with adjustable 
weights. Drill is raised by hand or air hoist. Speeds of 25 to 70 ft per hour are possible, depending 
on hardness of rock, depth and diam of hole and air press. For cost of mountings, see Sec 13. 

Drill trucks are used to some extent for deep-hole drilling, and for trench vvork. They 
are operated from a central compressed-air or steam plant, or may carry their own boiler. 
The drill may be stationary, or mounted on a turn-table. The cuttings are removed from 
the hole by a water jet or by special steels. There are other devices for mounting one or 
more ordinary machine drills on a bar. A special device for sewer work is described in 
Art 10. Respecting drill carriages, see also Sec 6. lf» (11, 20). 

Cost of machine drilling comprises: (a) wages of drill crow; (h) proportion of wages 
of power-plant crew; (c) fuel; (d) drill sharpening; (e) repairs and renewals; (/)oiland 
water; (g) interest on plant; {h) deijreciation of plant; (t) proportion of general expense 
including ta.Ycs; (j) erecting, dismantling, and moving plant. 

Factors affecting speed of drilling: (a) character of rock, as hardness, stickiness, 
seams, sludge, and dust-forming qualities; (?») time for changing bits; (c) time for taking 
down, moving, and jetting up machine; (d) depth of hole; (e) direction of hole; (/) diam 
of hole; (g) use of air or water, or both, in the hole; (A) shape of bit; (i) quality of black- 
smithing; (j) percentage of time lost by blasting, breakdowns, delays; (A) size, weight, 
and type of drill and mouniing; (i) air or steam press at the drill; (»i) skill ol! crew. 

Time occupied by tlm different operations in drilling may be classed under cornMa tim and 
DUATS, the sum of which gives total ctceb time for drilling one hole. Delays comprise time to 
(«) ruse drill, (i>) loosen bit, <c) remove it, (d) get bailer and bail, (e) get bit, if) insert bit in chuck, 
ii) tighten ohuok, and (A) get started. Besides the cycle time, there is the time required to move 
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tlta drill to other holea. set it up, etut it, end miacdleneoua delaye. For time etudiee of work with 
piaton drills see (12), where drills were mounted on tripods for holes 7 to 24 ft deep and 2.5 to S.5 in 
diaid ai> start, in granite, limestone, and slate. From these records, cutting time averages 58.2% 
of cycle tidte; ^cle lime, 74.7% of total time; time for moving and starting a drill, 12.5% cd total 
timei time lost in ddays, 12.8% of total time. Cutting speed: in granite, 0.18 ft per min; lime- 
etone, 0.13 ft per min; slate, 0.17 ft per min. 


Table 7. Average Time Drilling Vertical Holes (Tripod-mounted Drill) 



lilll 

s 

Sd 

Gr 

Tr 

Length of shift, hr... 

10 

10 

10 

10 

10 

Air pressure, lb per in.^ ... 

70 

70 

70 

80 

70 

Diam drill cylinder, in. 

3.25 

3.25 

3.25 

3.25 

3.25 

Diam starting bit, in. 

2.5 

2.5 

2 

3.5 

2.5 

Diam finishing bit, in. 

1.75 

1.5 

1.25 

1.25 

2 

Depth of hole, ft. 

12 

6 

12 

20 

6 

Drilling first 2 ft, min. 

9 

10.5 

8 

12 

14 

Cranking out, removing bit, min. 

1 

3.5 

1.25 

1 

1.5 

Cleaning out hole, min. 

I 

3 

1.25 

1 

1.5 

Putting in new bit, cranking, min. 

1 

2.5 

1 

1.5 

1,5 

Drilling second 2 ft, min. 

13 

10.5 

1 ; 

1-5 , 

14 

Drilling last 2 ft, min. 

12 

10.5 

6 

11 

14 

Moving machine, setting up, min. 

15 

35 

12 

II 

36 

Ft drilled per ehift... 



9e 

48 

36 








Note.— Lm — limestone; S — sandstone (hard); Sd — sandstone (soft); Gr — granite; Tr — 
trap (diabase). 

Rate of diiUiag. Formula for estimating number of ft drillea per shift (20): N — 5 

('+ 7 + 5 ) ; where, - ft drilled per shift; S — working time per shift, min — 600 per 10-hr 

shift, if no time is lost by blasts, breakdowns, etc; r — actual time to drill 1 ft, min; m — time to 
crank up, change drills, clean out hole, and crank down — 3 to 4 min ordinarily; / — length of feed— 
2 ft in ordinary percussion drills; « — time to shift machine and set it up — 5 to 60 min, usually 
12 to 20 mm; D — depth of hole, ft. 

Records of work with 31 /g-in piston drills, at 70 lb air or steam press, starting bit 
about 2.75 in, finishing bit 1.5 in, gave following speeds for 1 ft of bole (20): soft sandstone 
and limestone, 3 min; medium sandstone and limestone, 4 min; hard granite and samd- 
stone, 5 min; very hard trap and granite, 6-8 min; soft rocks that sludge rapidly, 8-10 min. 
(Fur other drilling records, see Sec 15; also “ Compressed Air Plant,” Peele, 5tb Ed, 
Chap ^.) 

Drilling rate is not eignificant without specification of diam and direction of hole, mr press, type 
of machine, method of removing cuttinga, and nature of the rock. Hard, tough rocks have been 
drilled at 12 in per min; softer rocks footer, especially in down holes. As long os a bit retains 
. its cutting edge it will maintain its initial drilling rate. As depth of hole increases, the drilling rate 
of hammer drills decreases less than that of piston drills. Theoretically, as follower bits are of 
smaller gage, drilling rate should increase in inverse proportion to square of diam of hole, but the 
tightness and sludge in small diam holes keep the rate approx constant (1). 

Hammer drills. Speed of cutting. A Sullivan, Class D-10 drill, 1.25-in cylinder, 
hollow steel, and air at 100 lb, drilled in granite 1.25-in holes, 1 ft deep, in an aver of 
1.75 min, using 25 cu ft free air per min. A Class D-15 drill, in some granite, drilled 
B/s-in holes at rate of 1 4 ^/g-in hole in 10 sec, and a 5.25-in hole in 15 sec. In trench work 
in odlitic limestone, 12 DB-15 drills averaged 40 1.5-ft holes per drill per 10-hr shift for 
12 mo work. Best record was 100 1.6-ft holes in 10 hi»and 36 3.5-ft holes in 7 hr. In 
dark green granite, a DB-15 drill in 16 hr made 47 ft in 25 holes, from 19 to 36 in deep; 
a DB-19 drill made 19 ft in. 5 holes, from 32 to 60 ii^ deep. A DC-19 drill in soft sand¬ 
stone, made 20 holes 18 in deep, at rate of 25 sec per bole, 

Sefa of drill steel, comprising a starter and 1 or more follower bite, generally have 
length increments of 1 to 2 ft. For hard, tough rock the increment is usually 1 ft; for 
softer rocks, 2 ft. Tests should be made to determine max and aver distances drilled per 
bit in the different rocks encountered. The fewer the changes, the shorter the drilling 
time for a given depth of hole. 

Starting diam of hole depends upon its depth, reduction in gage of follower bits, depth 
drilled per bit, and diam of cartridges. 

Commonest sises of cartridge are 1 l/g and 11/4 is, more rarely 1 in; the sise bring generidly 
constant in any one mine. Bottom diam of hole is thus 1 Vs - 1 Vs in. Gage of bits composing 
set varies by l/g or l/ig in; for hammer drills, Vlg in is satisfactory. With 12 steels, a 12-ft hols 
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ROCK EXCAVATION 


rcquirm • itwtias <U»m of 2 in for Vis^in chango in gage. Tha smaller the starting diam, the 
higher the aver drilling rate. Depth of hole is determined by blasting oonditions. 

Fitchering or sticking of the bit is caused by: poor alinement of steel in the hole, bent 
steel, improper type or poorly sharpened bit, too much or too littie feed water, worn or 
broken shanks, seamy rock, pebbles or spalls falling alongside of bit and jamming, mud 
collar behind the bit, bard nodules in the rock causing poor alinement of hole and bending 
of drill shank. 

In soft rook a bull bit may penetrate so far that the drill's lifting force on up stroke is insufficient 
to withdraw it. Kemedy is to use a cross or X bit, which is less likely to jam. Sludge is washed 
out of the hole by the rising stream of water, or blown out by the air or water jet, the larger cuttings 
falling back and jamming when the drill shank is too'’small relatively to diam of hole. If hollow 
steel is not used, a good jet can be made by a 0.&-in pipe, connected to a hose through which water 
is pumped. Where water is not available in quantity, a fair substitute is a narrow barrel-hoop 
shoved down the hole; in rotating slowly around the bit, it stirs up the sludge. 

Cable, well, or chum drills (See 9) are extensively used for deep holes for blasting in 
quarries and open-cut excavation. Advantages, as compared with machine drills: any 
depth can be drilled, to the possible limit of blasting; no stripping of the ovorb'ing earth 
is necessary; holes in high faces arc drilled to full depth, instead of working in benches; 
the large-diam holes hola larger charges, hence wider spacing of fewer holes, and saving 
of time; smaller consumption of fuel for power. 

Size of churn-drill holes. Bits are 4 to 9 or 10 in diam, the smaller sizes best for low 
faces and soft material (but where bank is low, machine drills on w'agon mounting are 
more economical). Common sizes are 5^/g and 6 in; best adapted to limestone forma¬ 
tions whore drilling cost per ft is not high and relatively closer spacing permits better dis¬ 
tribution of explosive. However, use of 8- and 9-in holes has much increased, especially 
in deep faces and hard rock, where cost per ft is always high. The larger bits permit 
wider spacing of holes, and greater weight of tools prevents excessive drifting and seems 
to compensate for greater area of rock cut, so that the cost per ft is no more (often less) 
than for 6-in bits, while drilling cost i>er ton or yd is less, with little difference in cost of 
explosive. 

Following are comparative costs of 6- and 9-in drills at Tilden Pit, Cleveland Cliffs 
Iron Co, using Bucyrus-Armstrong 29 T, 9-in bit (JB & M Jour, Nov, 1937): 



6 -in bit 

9-in bit 


6 -in bit 

9-in bit 

No of holes. 

Total footage drilled. 

Aver depth of hole. 

Spacing of holes. 

Burden per ft of hole, cu yd,... 
Total tone blasted. 

14 

1 416 
105 
15X22 
12.2 
35 400 

14 

1 377 
100 
20X30 
22.2 
62 000 

Total explosive, lb. 

Tons per lb explosive. 

Drilling cost per tun. 

Operating cost per ft. 

Drilling rate, ft in 8 hr. 


20 040 
3.04 
$0.0334 
$1.69 
15.6 


N Y Trap Rock Corp, on Hudson River, aver of 4 years' operation in 4 quarries, 
based on 5 0(X>~35 000 ft drilled per yr: 


Kind of rock 

Aver 
depth 
of bole, 
ft 

Diam 

of 

holci 

in 

Spacing, 

ft 

Ft per 
hr 

elapsed 

time 

Cost 

per 

ft 


70 

8 

17 X 24 

mmm 



35 

6 

14 X 18 


I.imMt.onft. medium. 

no 

10 

15 X 27 

3.11 

Barult. hard. 

120 

8 

22 X 30 

1.4 


Cost of operating churn drills (see Sec 9 for tabulated data). For steam power about 
10 or 12 bbl of water and 500 to 650 lb of coal per day are required; for gasolene power 
(gasolene @ 12fl per «:;al), cost is from 70^ to $1.20 per day; with electric power at 2^*per 
kw-hr, ooit is about $1.25 per day. A compressed-air operated churn drill uses about 
as much air as a 3.25-m piston drill. About 2 gal wash water are required per ft of hole. 
If n e ces sa ry, it can be collected and used repeatedly. SnARPSNiNo bits costs much less 
than lor machine drilling; one bit, drilling 10 to 50 ft of hole, requires 1 hr to dress. 

CfniMnitive cost of ebura and msdiino drilling. A Cyclone drill, making 3-in holes, 24 ft deep, 
in solid brown sandstone in Ohio, put down 602 ft in 14 days of 10 hr, or 50 ft per day (20). A 
3.25-ia machine drill, making 1.73-in bolee, 2J ft deep, put down 28 holes in 8 days, or 70 ft per day. 
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TaUa 8, Spaed of Btaat-hola Drilling vltli Cbnra or C«Ua Drilla (Original) 


Kind of material 

Ft per 
hr 

Diam 
bole, in 

> Depth, 
ft 

Machine 

Clay, soapstone. 

10 

56/8 

18 


Limestone. 

9 

51/8 

30 

Cyclone 

limestone. 

8 

5 

34 

Cyclone | 

Shale. 

6 

56/8 

20 

Cable drill 

Overburden, porphyry ore. 

5.7 


55 


. 

5 5 

5 6/g 



Hard basalt. 

1.6 

8 ■ 

120 

Cyclone 

Sml, gravel. 

5.2 

21/2 

23 

Cyclone 

Brown sandstone. 

5.0 

3 

24 

Cyclone 

Brown sandstone. 

5.0 

51/2 

50 


Shale...... 

4.8 

56/8 

75 

Star 

Hard, seamy limestone. 

4.7 

5 

22-30 

Loomis 

Half earth, half elate>. 

4.4 


12 

KeyiitiinA 

Limestone. 

4 0 


50 


Iron ore. 

2.33 

9 

95 

Armstrong 

Copper ore, porphsrry. 

3.5 

61/2 

60 

Keystone 

Sh^e. 

2-8 

41/2-6 

20-80 

Star 

Limestone. 

3.2 

10 

no 

Armstrong 

Copper ore. 

1.5-2.5 

6 

30-35 

Star 

Limestone. 

3.0 

6 

200 

Loomis 

Limestone, sandstone. 

1.0 

5 6/8 

20 

Cable drill 

Hard limestone. 

2.1 

8 

70 

Armstrong 


Rewarks 


Railroad work 
Cemeot quarry 
Lime, oruahed- 
roak quarry 


Open-cut mining 
Cruehed atone 
Cruahed atone 


Cruahed atone 


Aqueduct 
Lime quarry 
Ore mining 
Alining 


Cruahed atone 
Mining 

Cement quarry* 


Cruahed atone 


Daily field costs (exclusive of eharpening) of the above work were: Churn drill. Runner, $3; 
helper (and fireman), $2; water, 60^; coal @ 10^ per bushel, 60^; total, $0.20; cost per ft, $12.54. 
Machine drill. Runner, $3; helper, $1.50; fireman, $2; water, 75^; coal, $1; total, $8.25; cost per 
ft, 11.8|i. 'Die larger diam of the churn-drill holea saved dynamite, as each hole waa sprung but 
3 times, whereas the machine-drill holes had to be sprung 4 or 5 times. See also Sec 9, 


6. THEORY AND PRACTICE OF BLASTING 


Conditions influencing results of blasting: siae and number of free faces; cohetive a rength of 
the rock; structure of rock (massive, jointed, laminated, stratified, or fissured); strength and nature 
of the explosive; character of fuse and stemming; whether the shot acts alone or simultaneously 
with others; whether the broken rock falls or must be lifted by the bioet; form and sise of chamber 
containing the explosive; proportion of length of line of least resistance to length of the hole, and to 
height of free face (3, 11, 20). See also Sec 4. 

Rules for blasting. Many have been formulated, but all neglect some of the conditions stated 
above. Also, most published rules are applicable to black powder only and are valueless for high 



Fig 5. Theoretical 
Crater, Normal Hole 



Pig 6. Theoretical 
Crater, Oblique Hole 



Fig 7. Hole with Fig 8. Hole with Two 
Two Free Faces Free Faces 



explosives; and practically all ignore the use to which the blasted rook is to be put. Hence, experi¬ 
ence and judgment are more useful in determining proper methods than the theories and rules 
summarised below. Theory of bloating is disouased in detail in (5). According to the chatkb 
THBOBY, a charge in a mass of earth or rock with horis surfara will blow out a funnel-shaped crater, 
the aides of which have a slope of 1 to 1 to the fhbb facx (Fig 5). Distance DB (more exactly, DF) 
is the UNB OF niSAST bbsistamcb - {; hence, volume of crater is F 0.33 i X vl* ■■ P (nearly). 
Hence, general formula for volume of rock loosened is F » ml*. According to Sehoen (5), tn w 0,4 
for tough, soft rock, and 0.9 for hard, brittle rock. 

Direction of hole. If vertical (normal, as in Fig 5), the charge may blow out stemming and fail 
to break; hence, hole should bo inclined (Fig 6), to reduce chances of a blow-out, aa well aa to in- 
oeaae area of free face and volume of rock broken. Limiting inclination of drill hole is 45°. 

Effect of free facea. The greater the area of free face, the easier can rock be blasted. Fig 7 
shows area of volume brokwi when there are 2 free faces (point Q being uncertain). Fig 8 shows area 
when charge is at unequal distances from the 2 faces; shaded area will probably not be removed 
by the direct force of the blast, but may be broken indirectly. When 2 or more free faces sre 
exposed, the longest line of resistance should not exceed 1.5 1. To obtain the aid of gravity, I should 
be hotis, and the longest line of resiatance verticaL 
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BOCK BXCAVATION 


Eelaltoa of foctort. Length I ahould be proportioned to aiae and diam of the hide. lo generaL 
in open-cut work the depth of holes should i^iproKiinate 1.5 L 

Table 9. Relations of Diam and Depth of Hole, and Line of Least Resistance 


Diam of 
hole, in 

Depth of 
hole, ft 

1. ft 

Diam of 
hole, in 

Depth of 
hole, ft 

1, ft 

1.25 

3.50 


1.5 

12.00 

6.00 

I.2S 

5.75 


1.75 

5.00 

5.00 

1.25 

10.00 


1.75 

9.00 

6.00 

1.5 

4.00 

4.00 

1.75 

14.00 


1.5 

7.50 

5.00 



1 


Holea blasted simultaneoualy. Fig 9 shows the effect. If a and h are blasted separately, 
e would not break out; when blasted together e is broken, if x is not too great. In aver hard rock 
X ■■ 1.51 to 2 I; in weak rock, x should be about equal to 1. 

Rock coefficient. To obtain it, select a homogeneoua bench 2 ft 
wide by 3 ft high. In this drill several vertioaf holes, so spaced that 

\ ‘ y the blasting of one will not crack nor start the rock aroimd another. 

^ z' Charge each with different weighed amounts of the explosive to be 

used, beginning with a small quantity. Fire the holea separately. 
If C = rock coeff, P = wt of powder, lb, I — line of least resistance, ft; 
then C i’ P, and P = CP. For 3 free faces, use 0.66 J“; for 4 
faces, 0.5 P; for 5, 0.4 P-, for 6, 0.25 P. 

Size of drill hole for charge. U P •= vt of explosive, lb; g = sp gr of explosive, and d » diam 
of bole, ft; then, P » 0.34 gtP. 



Fig 9. 


Effect of Holes Fired 
Simultaneously 


Spacing holes in open-cut work. Much depends on depth of cut, character of rock 
and diam of hole. In aver size machine-drilled holes for shallow cuts, 6 ft and less, vert 
holes in most rocks should be set back from face a distance equal to depth, and spaced 
apart a distance 0.85 of depth. With holea to 12 ft deep, spacing and burden should be 
about 0.65 of depth; to 20 or 25 ft, spacing and burden should not exceed 0.5 depth 
(usually less in hard rock) unless holes are sprung, in which case spacings may be wider. 

Deep holes for quarry blasting (22). In homogeneous rock having a vert face, 3 resist¬ 
ances tend to counteract the explosive force (Fig 10): (A) resiatanoe distributed along the 
hole, caused by the rock's tensile strength. This may be 
resolved into a single force acting midway between top and 
bottom of face, and of a magnitude equal to total distributed 
resistance; (B) shearing resistance across the horiz line 
between the hole and Ixittom of face, represented by the 
rock’s shearing strength; (C) frictional resistance to sliding 
at the bottom. 

Computations. Limestone of 165 lb per cu ft has tensile 
strength of 82 000 lb and shearing strength of 184 000 Ib per sq ft; 
granite of 168 lb per cu ft bas tensile strength of 101 500 lb and 
shearing strength of 287 000 lb per sq ft. If d is depth of hole and 
i* its distanre back from face, then in limestone for each ft of width 
of spacing between holes: 82 200 d = tensile resistance, considered 
as concentrated at midpoint of depth; 187 000 6 shearing re¬ 
siatanoe concentrated at bottom; and 165 X 5 X d wt of the 
block. Assuming coeff of fric = 0.65, 107 bd = fric resistance to 
sliding at bottom. For granite, the computations are similar. Values 
of shearing resistance apply to homogeneous rock; not where there 
is a parting line at the quarry floor. 

Ideal method would be to concentrate enough explosive in bot¬ 
tom of hole to overcome shearing and frictional,resistances, and 
distribute enough explosive throughout the hole to overcome tensile 
resistance. In practice this is rarely feasible; if the charge be distributed throughout the hole, 
its total force may be considered as concentrated at a given point, half above and half below. For 
max effect, this point should be so located as to balance opposing resistances. In Fig 10 it ia at a 
distance Y above the bottom, proportional to the rock resistances. That is, 

d Tensile resistance 

Y -nX: 



Fig 10, Forces to oe Over¬ 
come in Deep-hole Blasting 
( 22 ) 


Tensile resistance -h 
d 

For limestone (see above) 


Y-f X 


(shearing reaistanoe -f frictional resistance) 
82 200 d 


82 200 d -h 187 000 5 + 107 M 
fiitnilarly for granite. Thus, for practical purposes, Y is the dividing point of the charge, half the 
total'being below this point and half above. 

To find the wt of explosive required, the depth of bole, its distance from the fsuie, and the 
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Bpaemg between bolee, miist be known. From these faoton the ninmnif in ou ft and tons on each 
hole is computed. Location of holes to give best fragmentation at low cost must be determined 
for each case by trial. If there is no peurting at the quarry floor, the holes must go below floor line 
to insure breaking to bottom (Table 10), 


Table 10. Aver Spacing of Deep Holes in Quarry with Vert Face (22) 


Depth of 
bole, ft 

Height 
of face, 
ft 

Distance 
back, ft 

Spacing, 

ft 

Height of 
bottom 
charge, ft 

Diam hole 
at bottom, 
in 

Depth of 
top 

tamping, ft 

20 

18 

13 

10.5 

3.5 

4 

9 

30 

28 

14.5 

12 

6.5 

4.25 

10 

40 

37 

16 

13 

10 

4 5 

12 

50 

47 

17.5 

14 

13 

4.75 

13 

60 

56 

19 

15.5 

16 

5 

14 

70 

66 

20.5 

16.5 

20 

5.25 

15 

80 

75 

22 

18 

23 

5.5 

16 

90 

85. 

23.5 

19 

27 

5.75 

17 

100 

94 

25 

20 

30 

6 

18 

160 

152 

35 

20 

52 

8 

25 


Height of bottom charge given in Table 10 is an aver between limestone and granite. Assum* 
ing aver duty of explosive to be 4 ton of rock broken per lb of explosive, and spacing as shown, a 


100-ft hole in limestone would have n burden of 
of 1 040 lb. Applying previous formula. 


100 X 25 X 20 ft 
12 ou ft per ton 


4 166 ton, requiring a charge 


_ 82 200 X 100 _ . 

(b2 200 X 100) + (187 000 X 26) + (107 X 25 X 100) ^ 


31.4 ft. 


Thus, half the charge (.520 lb) should be in the lower 31 ft of hole. 'Wt of explosive contained in a 
given depth of hole depends on dinin of hole and density of explosive. In Table 11, cartridges are 
assumed to be slit and well tamped to fill the hole completely, with no air spaces. 


Table 11. Approx Weight (Lb) of Explosive Contained in 1 Ft of Hole 


Diam of 
hole, in 

Str.iight 

N G 

- ^ - 

Gslex 

type 

Red Cross 
Kxtra 

Quarry 

Gelatin 

j B Blasting 
Powder 

Du Pont 
Extra D 

4 

6.60 

6.1 

6.33 

■miRBiiiii 

imiiRiiiiii 

5.46 

41/2 

8.40 

7.7 

8.06 



6.95 

5 

10.50 

9.7 

10.08 


8.40 

8.71 

51/2 

12.6 

11.3 

12.1 


10.1 

9.80 

6 

15.0 

13.8 

14.4 


12.0 

12.55 

7 

20.4 

19.0 

19.6 


16.3 

17.09 

8 

26.7 

24.5 

25.6 



21.85 

9 

33.7 

31.2 

32.4 

1 37.6 ! 

HiyuHl 

27.68 


Depth of lift. In deep open cuts or pits, rock is usually excavated in 2 or more benches 
or lifts. Depth for economical drilling, size into which the rock breaks on blasting, and 
presence or absence of seams or of horiz drill holes (called toe holes) which might assist 
breaking, all determine economic height of lift. 3 i/g and 3 machine drills are good 
to depths of 16 to 24 ft. Churn drills are efficient for almost any depth, and where they 
are used lifts of 100 ft are common. Max depth for haitd drilling is usually about 8 ft 
with hand hammer, and for machine drills, 18 ft. As a rule, the higher the bench, the, 
farther back from the face may the boles be located; Jnit, the farther back the holes, the 
coarser will the rock break. In deep holes, the explosive should be separated into several 
charges with stemming between; for, if the entire charge is at the bottom of the hole, the 
bottom of the bench may be blown out and the top left overhanging. If 2 rows of horiz 
holes are drilled in the face, besides the vert holes, height of bench may be increased. 

Examples of open-cut blaeting indicating that 4-6 ton of rock can be broken per lb explosive (26). 

Limestone quarry it. Tcnn, stone used for R R ballast, etc. Blast was of 16 5 6/g-in holes; aver 
depth, 75 ft; spaced 18 ft apart; aver face burden, 22 ft. Charge of 3 750 lb 60% and 3 700 lb 
40% low-freesing dynamite broke 5.7 ton per tb. 

Blast in cement rook, in Penn, of 14 SS/g-in holes; aver depth, 86 ft, spaced 18 ft; face burden. 
So ft. Charge of 4 850 lb 60% and 3 250 lb 40% dynamite broke 65 000 ton, or 6.8 ton per lb. 

Kentucky limestone quarry, for R R ballast; 9 holes, aver depth, 60 ft, apaoed 18 ft apart and 
26 ft back; 3 250 lb 40% dynamite broke 16 200 ton, or 5 ton per lb. 
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Table IS. Spadng of Holea* Chargee, aad Resuita of MacUne-drill Blasts (Original) 


Rock 

Kind of work 

Aver 

depth 

of 

hole, 

ft 

Aver 
diet of 
rows 
from 
face, 
ft 

Aver 

diet 

apart 

of 

holes, 

ft 

Ft 

hole 

per 

cu 

yd 


Canal. 

12 

8 

8 

0.40 

Limestone. ... 

Crushed atone.... 

6 

5 

6 

1.00 

limMtone. ... 

Cement. 

20 




Hard dolomite 

H K tbro'-cut (o). 

20 

7 

7 

0.42 

Limestone.... 


15 



0.43 

Limestone.... 

Canal. 

14 

4 

6 

UmMlionA. .. . 

Canal (d). 

13 

8 

6 

8.56 

0.47 

Hard lim(c>) 
stone I 

Crushed stone | 

26 (e) 
12 (/) 

20 

9 


Bandstone.... 

R R side-cut. 

12-18 

12-18 

0.10 

Sandstone.... 

R R thro’-cut.... 

20 

12-18 

12-18 

0.20 

Sand0ton6.... 

R R cut. 

20 

18 

14 

0.15 

Soft shale .... 

R R side-cut. 

24 

12-18 

12-18 

0.08 

Hard shale..., 

11R thro’-cut.... 

24 

12-18 

12-18 

0.20 

OrnnitA. 

Rubhle. 

16 

5 

5 

1.36 

Hard granite.. 

OnAiMi. 

Crushed, rubble. . 

(/*) 

12 


5 



1.33 

OUAIM. 


14 



0.63 


Mine. 

12 

2.5 

6(t) 

1.70 


\Iine. 

12.5 

0 32 

Seamy trap... 
Massive trap.. 

Crushed. 

14 



0.35 


16 



1.00 

Seamy slate.., 

RRthro'-cut.... 

12 0') 

10 

10 

0.2!r 

Seamy rock... 

D.am filling. 

18 



0 13 


Grade 

of 

explo¬ 

sive, 

%NgI 


40 

40 
50 
60 
50 
(40 
( 60 
(40 
\ 60 
( 60 
(60 

40 { 
40 { 


40 { 

40 I 
60 

(60 

40 

40 

40 

52 

75 

40 

60 


Kind 

of 

explo- 

aive 


explo¬ 
sive per 
eu yd 
of 

rock, 


Dixm 

of 

hole, 

in 


lb 


A 

A 

A 

A(b) 

A 

A 

A 

A 

A 



B 

A 

B 

A 

B 

B 

A (c) 
B 

d(c) 

A 



A 

A 

A 

A 

A 

A 

A 

B 


Q.JS I 

0.70 

0.37 

1.05 ; 

0.26(e) 

0.38 

0.38 

0.38 

0.44 

1.35 I 
1.00 
0.10 
2.00 
0.20 
0.15(<!) 
0.70 
0.03 
(.50 
0.10 
0.20 


4.5 

5.5 

4.5 


2.5 


0,60 

0.50 

0.67 

0.44 

0.20 

0.70 

l.ll 

1.85 


4.5 


A. Dynamite. B. Dlaok powder, (a) 3o holes, (b) Holes sprung with 2 lb dynamite, (c) Holes 
sprung, (d) 45 holes, (e) OU holes; top holes, vertical, 26 ft deep. (/) 75 holes; 2 toe holes, one 
at 15* and one at 60° with vertical, 10 to 14 ft deep, the former being 6 ft away from & 2.5 ft 
in front of latter, (g) Sprung 3 times. (A) let row 6 to IS ft, from face; 2nd row, 7 to 10 ft from 
first row about 2..5 lb of 75% dynamite & 6.25 lb of 60% per hole, (t) Holes staggered. CO 30 
holes; holes at angle of 15° with vertical. Sprung with 3 lb of dynamite. 


Oklahoma quarry, for R R ballast; 8 holes, 95 ft deep, spaced 28 ft; aver face burden, 33 ft. 
Charge of 2 200 lb gelatin, 3 3.50 lb 80% and 1 250 lb 4U% dynamite broke 62 000 ton, or 0 ton per 
lb. Blast badly balanced, requiring very strong explosive at bottom. Cost per ton was as high or 
higher than a well-balanced blast. 

Blast in iron ore of 26 5 Vg-in holes: aver depth, 84 ft; spaced 15 by 15 ft; triple loaded; 8 500 
Ib 40% dynamite broke 50 OOU ton, or 5 ton per lb. 

Blast in cement rock, in N J, of 11 holes; aver depth, 102ft; spaced 20 by 22ft; 2 040 lb 60% 
and 4 475 lb 40% gelatin broke 40 000 ton, or 6 ton per lb. 

A 75 000-ton blast, West Va, cost 3.3(1 per ton (191.5). Of 15 6-m holes, 13 were 125 ft deep, 
drilled about 5 ft below quarry floor; 2 holes were 72 and S5 ft. .4ver spacing, 15 ft; top burden of 
8-12 ft; bottom burden 2.5-35 ft. Charge per hole, 400-.500 lb 60% gelatin, on top of which were 
150-600 Ib du Pont quarry powder. Cordeau fuse was held taut while cartridges were dropjied 
down the boles. In 10 holes, charges were split near middle by 10-20 ft clay tamping; 5 holes were 
loaded solid, with 30 ft tamping. On each line of Cordeau was 1 No 6 du Pont electric cap. Caps 
were connected in series end tested. About 50% of the stone was broken to l-inan siae; none 
thrown over 100 yd from face. Aver burden per hole, 2 OOU cu yd; aver charge, 900 lb. Total rock 
broken, 60 500 loooe vd (75 000 ton), or 5.5 ton per lb. Cost per ton; explosives, fuse and caps, 
2.2^; drilling and changing, 1.1^. 


6. CHARGING AND FIRING 

For facts respecting ordinary methods of charging black powder and dynamite, including 
data on fuse, detonators, squibs, tamping, and electric bring, see Iflec 4, 6 (14, 20). Note .— 
Stemming is the tamping material; tamping, the act of inserting stemming. 














































































CHARGINO AND FIRINa 


6~15 


, Tabl« IS. Spaek^r of Holoa, Charcoo, aad ftaaidta of Clmm-Drill Btaata (Original) 



C&anotar 
of work 


Cnuhodotono.. 
Ckuahed ■tono.. 

Cement quarry. 

Cement quarry. 
Op^-l»t iron 

mine. 

RRballaat.... 

Cement quarry. 



Ev 

Rook plfr- 
blaat* live 
ed, par 
on yd eu 
yd. lb 


E Cement quarry. 12 I 8 


12 12 

32 16.5 { 

20 20 

15 IS 

19 18 

32 20 { 

30 { 


5 500 
I 200 
7 700 
15 000 
4 000 


H«d R Rbal- } , 4 „ 33 jg 


Lime quarry... 

Cement quarry 

Hard granite.. 
Coppw mine.. 

R R tbro’-out.. 


^ 11 Open-pit miite. 


Placer dredge.. 
R R thro’>cut.. 


16 6 115 

I . 80 

578 4 25-40 

(5S/8 60 

. 1 56/8 60 

. 30 

8 4.5 32-37 


Open'pit iron (»ei 14 


24 17 I 

36 20 I 

16 32 , 

{/) (/) { 

40 35 ! 

15 15 

20 SO 

(A) 22 

30 20 


17 000 
16 000 

2 200 

3 350 
I 250 
I 200 

600 

1 720 

2 500 

18 597 

4 000(e) 
I 200 

27 275 

100(g) 

625 
30(t) 
50 300 
23 000 



A. Dynamite. B. Gelatin. C. Nitramon. D. Black blaating powder. E. Ijmeetone. 
F. Sandatone. O. Porphyry. //. Baaalt. I. Copper porphyry. J, Tough carbonate. K. Gravel. 
L. Ore and capping, (b) P« hole, (e) Sprung with ISO lb of 40% dynamite. (/) Holes in 5 
parallel lines; 1 center line, 2 lines 10 ft away; 2 lines 24 ft from center line. Holes staggered, 
14 ft apart, and chambered with 60% dynamite. Loading required 8 days, (g) Per hole. (A) 
Holes on center line, the first being 18 ft from face. Holes sprung with 15 sticks 60% dynamite, 
then 55 sticks, then 275 sticks. Tamping, after springing, cost $12 to drill out. (t) Per hole; 
cost of blasting about 56 per cu yd. 

Deep-hole blutiag. For this it is often advisable to place the dynamite in several 
distinct charges separated by stemming, each charge having its own primer, or ail con¬ 
nected lor a line of Cordeau fuse or Primacord. If the rock consists of hard and soft layers, 
charges should be placed in the bard layers. Contractor's powder and free-running high 
eiplosive grades are charged like black powder, but are exploded by a dynamite primer. 
Other grades and all dynamites are exploded wi^ detonators. If black powder and dyna¬ 
mite are charged in the same hole, the dynamite should contain the primer. 

40 Kegs 2M Boxes 40 Kegs 3 Boxes 



10'-*+*-20’-ri 


-25'-4*—15' _^__^ 

Fig 11. Arrangement oi Charges for a Large Blast 

Dynamite and Wack powdsr in one blast. In blue sandstone large chargee of black powder and 
dynamite in alternate rows of" holes were found effective (20). In Fig 11, the 24-ft boles were 
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mitda with ahuni drill, with 3-itt bit. fiotwi marked “kese” ware loaded with 2S-lb ken of fcOaek 
powder; and those marked "boxes’' were loaded to within 4 ft of the top' with 40% <i^aamite^ as 
shown. Before loadinc holes with blaek powder, each one was sprung (see below); first with 16 
stieka of 1.25 by fi-in rise dynamite, aeoond with 40 sticks, third with 80 sticks, and a fibal charse 
of 130 sticks of 40% dynamite per hole. The dynamite and powder were fir^ together, on< the 
theory that the powder would lift the rock and the dynamite would shatter it. About 3 700 eu yd 
of rook were brtdcen in one blast, with 800 lb of dynai^te for springinc and 6 000 lb of black poitder 
and 1 1(X) lb of dynanuts for the final chargee. 

Sprinfldng doap holes (26) (See 4, Art 8,9). By starting with a amali charge, followed 
by gradually increased chargee, the chamber at bottom of hole can be made nearly 
spherical, giving best concentration of explosive. First springing charge should not 
occupy more than 0.05 of total depth of hole. 

Gelatin dynamite is best for springing; it is safe, its plasticity and density eliminate air spaces, 
and, though slow in action when shot in the open, it has max quickness when confined, except in 
hardpan, clay and aimilar material; in riiese soft materials, amomnia dynamite is preferable. 
Chaw should be packed solidly, to exclude air; stemming free from broken rock and small in 
amoimt, so the springing charge will drive it out of the hole. Water stemming has advuitagen due 
to ease of application; it reduces amount of rock blown out and keeps the hole cool, which is neoas* 
sary before making the main charge. Springing shots should be fired electrically. After study 
of bore-hole temperatures, the du Pont Co recommends that no explosive be placed in a sprung hole 
if a tamping stick left in the hole about 5 min feels warm to the band. When holes are left to cool 
naturally, it is well to regulate the intervals between charges as follows: after first spring, 1 hr; 
second, 2 hr; third, 3 hr; fourth, 4 hr; fifth, 5 hr. After last springing, wait until next day before 
charging. Heavy springirg is not advisable in soft shales, as it may fill the chamber with debris. 
In higb^ incUned strata, the shook of springing may cause a slip and close the hole. 

Charging deep holes. If the rock is seamed and 
cracked, the charge should not extend to upper part of 
bole; there must be ample space for stemming. 

Referring to Table 10, for fi-in holes of depth and spacing as 
in Fig 12, 18 ft of stemming is recommended; leaving 61 ft be¬ 
tween bottom charge and stemming for second half of charge. 
620 lb of Red Cross Extra would fill 30 ft of the hole, leaving 
15 ft for atemming. For max effect, it would be beat to divide 
the charge into 4 eections, with 5 ft of stemming between them. 
For electric blasting, it is unwise to split the charge into so many 
sections, due to difficulty of wiring. Where there are both 
hard and soft strata above bottom charge, the explosive is 
placed in the hard strata and stemming in the weaker. In 
uniform rock, broken ohargea are placed in adjoining holes so 
that exploeive and stemming alternate along the line of holes. 

Length of bottom charge is worked out as above for the 
different depths and spaciugs of holes in Table 13. When the 
face slopes, causing heavy too resistance, explosive can be 
concentrated at the bottom by drilling larger diam holes, or 
decreasing the spacing; a row of staggered holes at the toe 
assists in such oases. With a well-defined parting line at the 
quarry fioor, it is rarely necessary to drill below grade; and, 
as the shearing resistance is then reduced, less exploeive is 
required near the floor. 

Separate calculations for each hole (.38) give best results 
and at lower coot, fig 13 shows a blast that might have done 
serious damage had its charge not been carefully eemputed. 
The bank was irregular; parte having considerable overhang, 
and some boles an unusually heavy toe. If charges in holes 2, 7, and 8 had not bees broken 



Fig 12. Alternate Methods of 
Charging a 6-in Hole 


Table 14. Total Energy of Blasting Exidosivea (23) 



Blasting gelatin (a, h, c). 
Nitmglyearin (6, e) .. 
Dyna^te, 7S% (6).. .. 

" 65%(c.d)... 

" 40% (6). 

•* 30% (c). 

Nitraeelhilose (b, c). 

Fblninate mercury (b, e) 
Blaek powder (a, b). 


Ft-ton per lb 

996-1 

149 

1 030-1 

157 

819- 

904 

870- 

925 

864- 

904 


721 

5II-- 

770 

287- 

288 

402- 

553 


Ft-tonperlb 


Carbonite No. I (a). 421-539 

" 2 (o). 465-498 

" " 3 (o). 494 

Monobel (o). 796 

Aetna coal powder (a). 517-533 

Coal special (s). 525-564 

Coalite No. I (a). 502 

“ 2(o). 553 


B u S Bur Mines, b &unswig. e Heise. i BiobaL 
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aMr the bottoaa. where the beak eloped iawerdf frecoieata of rook night hove demeged build- 
iagi eod i^ant, which were within 300 ft of the f eoe. By ceye in ooinpating eech cbeigei no rook 
wi|B thrown more then ISO ft. 

Vone of exploeiree (23). Total energy of en exploehre (Teble 14) ia the aum of ite abetter- 
ing (perouaaiTe) end propellent foeoee; for prectioel raeuKa, the relative ahettering end propellent 
vaJuea muat be known (Table 15). 

. If for e given eaae en exploeive ia not auflSioiently ahettering, uae one of equal total enwgy but 
greeter pereuaaive value. For throwing broken rock farther,uae en eaploaive of greeter propellent 
force; or, if in thia caae, the rook waa breaking to deairad aiae, uae exploaive of greater total energy. 


PLAN 





Table W. Szplotivee in Order of De- t a a la n w la 

creuing Shntterins end Increnting Pro¬ 
pellent Force (23) 

High Shatt>u»o Foacn 
Nitroglycerin 
Blaating gelatin 
75% g^tin dynamite 
60% dynamite, active dope 
60% 

40% 

30% 

"40%" ammonia dynamite 
"40%" gelatin 

Granular nitroglycerin powder 
Blaok powder (fine grained) 

" " (coarae grained) 

High Pbofbllknt Fobcx 

Bleating formulea are inaccurate, be- 
eauee of difficulty in meaauring the actual 
force developed, uncertainty as to the bub- 
z>BN on the charge, and varying rock char¬ 
acteristics. Tests are always necessary, 
hut mnpirical formulas and all available 
data are useful as guides. 

General renurks on explosives: ehattering 
efiFeot increases with speed of explosion; effio 
varies with degree of confinement of charge; 
exoeaaive noise means wasted energy. Useful 
effect depends upon suitability of an explosive 
for its work, as well as upon ite strength, ie, 
upon the force it develops. Straight dynamites are rated on percentage by weight of nitroglycerin 
(NG) contained; a 40% straight dynamite contains 40% NG, and any other kind (regardless of 
content) which develops the same force, weight for weight, is rated as 40%, the rating of straight 
dynamites serving as a reference. A dynamite of 40% bulk strength develops the same force volume 

for volume, as a 40% straight 

Table 16. Equivelente of Dynamite of Different Strengths dynamite. Some high explo¬ 
sives, as the permissibles, the 
du Pont “Extras" and certain 
others for special work, are 
not rated by percentage, but 
marked by numbers or letters 
designating strength. Force 
developed ie not in direct ratio 
to percentage rating; a 40% 
dynamite does not develop 
twice the force of a 20%, be¬ 
cause ingredients other than 
NG and ammonium nitrate 
have some explosive effect of 
their own, altering the ratio. 
True ratios are shown in Table 
16; 1 cartridge of 40% is equal in force to 0.87 cartridge of 60% mr 1.31 cartridges of 20%, except 
that in soft material the ratios may be lowered by greater spreading and heaving effect of the lower 
grades of explosive. 



Fig 13. 


Different Loadings for Varying Condi¬ 
tions of Quarry Face 


One 

cartridge 
% N G 

60% 

50% 

45% 

40% 

35% 

30% 

25% 

20% 

15% 

60 

LOO 

1.06 

1.09 

I.IS 

1.21 

1.29 

1.38 

1.50 

1.64 

50 

0.94 

LOO 

1.02 

1.08 

1.14 

1.21 

1.30 

1.41 

1.55 

45 

0.92 

0.98 

LOO 

1.05 

1.12 

1.19 

1.27 

1.38 

*1.51 

40 

0.87 

0.93 

0.95 

LOO 

1.06 

. i.l3 

1.20 

1.31 

1.43 

35 

0.82 

0.87 

0.89 

0.94 

LOO 

1.06 

1.13 

1.23 

1.35 

50 

0.77 

0.82 

0.84 

0.89 

0.94 

LOO 

1.07 

1.76 

1.27 

25 

0.73 

0.77 

0.79 

0.83 

0.88 

0.94 

1.00 

1.09 

1.19 

20 

0.67 

0.71 

0.73 

0.76 

0.81 

0.86 

0.92 

LOO 

1.10 

IS 

0.61 

0.65 

0.66 

0.70 

0.74 

0.79 

0.84 

0.91 

LOO 


Chamber blasting is done by driving a small tunnel or sinking a shaft, at the end of 
which chambers are excavated for the main charges of explosive. For black powder the 
chamber may be below the floor of the drifts, for convenience in pouring loose powder into 
large wooden boxes, built in the chambers. The tramping of the men pacla it tightly 
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and the solid sides of »ihe excavation offer greater resistanoe to the «x])lQsioa.. CoTOf* 
aoLDS are one-man tut^eis or drifts (lig 15). 

Cliamber blast, St. Helena, Ore (Fig 14). The roek area baaaltie, weighing 170 lb per eu ft, 
Expioalve woe No 2, Trojan powder; charge, 3 600 lb. llte tonnels were tampM to the 
portal with muck. The rook wea eufficiently broken to be handled b^ steam shovel, UUle baUdoaing 
(aledgingl being necessary. Vol broken, .14 280 eu yd. 



rig.14. C hatnber Blast at St Helena, Ore ing (27) 


Coyote-hole blasting (27). A tunnel about 2.5 by 3.5 ft section is driven into the face, 
length being equal to ^ /a height of face above tunnel. At end of tunnel and forming a T 
IS a crosscut, approx equal in length to main tunnel. At each end of crosscut is sunk a 
powder pocket, large enough to contain the charge; their depth ■* 1 ft for each 10 ft of 
toe in front of pocket; vertical banks required less depth (Fig 15). 

An offset to hold the charge may be driven from the crosscut, or the charge is simply placed on 
door of crosscut, but u sunken pocket confines the charge better. When length of tunnel is greater 
ban height of quarry face, 2 or more crosscuts are driven to distribute the charges properly; this 
may also be necessary when rock is blocky. If rock is hard and high fragmentation desired, 2 or 
more powder pockets, 15-35 ft apart, are made in each crosscut. 

Charges. Coarse-grain black powder, primed with 5-lU% of ite wt of 40 or 60% straight 
dynamite, gives best results. To find required charge, fint compute the ou yd of material above 
the tunnel (“yardage in the square of the shot") (length of tunnel X length crosscut X aver height 
of face, ft) -> 27. A well-designed blast often breaks twice the yardage in square of shot, but the 
above is conservative. For road-surfacing rock, the charge is 0.3-1.5 lb per cu yd in square of shot. 
To throw roc-k clear of right of way, as in sidehiU road making, the charge may be 1.75-3.6 lb per 
ru yd; for this purpose, better err on side of over-charging; a good blast will throw 60-80% clear of 
nght of way. 

Charging (27). One 50-Ib case 40% straight dynamite is placed in bottom of each powder 
pocket, 3 cartridges being pnmed with electric caps. Electric blasting Cap wires are connected in 
series, if a blasting machine is used, or in parallel if fired by a power current (Fig 16). Free ends of 

wires are connected to No 14 gage duplex 
leading wire, running out to the face. All 
joints well taped and leading wire wrapped 
in roofing paper or gunny sacking to pro¬ 
tect from injury. 

Computed charge is placed in the 
pookete on top of primer. Loading ex¬ 
plosive in oriipnal packages saves time, 
and is safer; but, in charging blasting 
powder in sidehUl work, for wasting the 
rock, it is best to pour it into the pockets. 
The charge'is covered with dry earth or 
Fig 16. Modes of Wiring for Coyote-hole Blasting (27) fock screenings. One wire from right- 

hand pocket is connected with a wire 
from left-hand pocket, and the 2 free wires are connected through the leading wires to the blast¬ 
ing machine. For max detonating effect, run a line of countered Cordeau fuse from unit to unit, 
with a coil on bottom of each pocket. When any one charge explodee, the Cordeau detonates the 
others. 

Crosscuts and tunnel are finally tamped with broken stone. Logs are often used to aid in eou- 
fining filling: a row being laid crosswise on floor at end of tunnel, their ends projecting into the 
croescuts. Bpaces between the logs are filled with clay. Other layers of logs follow, to the roof of 
tunnel. Mam tunnel is then tamiied, and blast is ready for firing. 

Best theoretical length at tnanti (27) is equal to about 2/g the hmght of face; but, with only 
1 oroBBOut, a tunnel more than 60 ft long is impractioahte. A shortor tunnel and 1 orossont generidly 
giv« best results at leaat cost; for high banks and large chargee several crosscuts may be driven. 
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Tftbl* IT. CfctrgM UMd in Cbamht end Coyote Unite (Original) 


4 

Osae 

Rock 

Rook 
loos¬ 
ened, 
ou yd 

Dyna¬ 

mite, 

lb 

Btedc 

powder, 

lb 

Judson 

powder, 

lb 

Lb per eu yd 

Dyna¬ 

mite 

Black 

powder 

Judson 

powder 

! 

1 

$ 

-a 

S5 

■g 

m 

& 

si 

o 

U 

§ 

6 

3 

I. 

Granite . 


144 

100 

5 400 

35 000 


0.001 

0.002 

0.067 

0.320 


11 . 

Porphyry. .. 
Granite . 

1 200 

B 

ni . 

29 050(a) 
12 000 

43 100 

0.374(a) 

IV. 

Limestone... 



V. 

Sandstone.. . 
Roek . 

220 000 
350 000 
14 250 

250 000 

1 700 
440 000 

i 250 
II 400 


0.006 

0.033 

0.195, 


VI. 

114 000(6) 
3 500 

30 000 

0.326 

0.245(6) 

0.120 

VII . 

Bandt . 



VIIL..| 
IX . 

Black tra-1 
ehyte ) 

Limestone... 
Granite . 

3 000 

26 

32 


0.012 

0.015 

0.0001 


2 775 

18 250 

17 500 

50 000 

1.632 

0.042 

X . 


XI . 

Gravel . 



XII . 

Gravel . 

150 000 

500 000 

200 000 
10 000 
40 000 
90 000 
40 600 

110 000 
56 000 

400 000 
54 800 

180 000 




0.333 


XIII. . { 

XIV. ... 

XV. 

Cemented 1 
gravel 1 
Gravel. 


36 400 


0.072 

3 500 
500 


0.018 

0.050 


Rook. 

7 500 

35 000 

34 625 


0.750 

0.875 

0.385 


XVI. ... 

XVII. ... 
XVIII... 

XIX. ... 

XX. ... 

RfUkteli __ 



.... 





Basalt. 


10 000 

21 000 

10 000 


■ 





nnniiii 





H|B|H 

XXI. ... 

XXII. .. 

XXIII 1 

Hard basalt 

20 000 

431 000 

0.050 

1,078 

8 000(6) 

■ 

Cemented 1 
gravel ) 


30 025 


0.167 




luyiUH 


RotM on Table 17 (20). I. Weat Beaver Creek dam. Col. Tunnel 75 ft below apex of roek, 
135 ft long, with several bends. Cross drifts, 35 ft long, each way from end of tunnel. Charges 
at ends of cross drifts, with 3 000 lb of powder along outer wall of remainder of cross drift. Stem¬ 
ming: rank, earth, timber. II. Otay, Cal. Tunnel, 4 by 5.5 ft, 60 ft long. 18-ft Y-branebes at end 
for chambers. Charges; 4 000 lb Judson powder and 50 lb dynamite in one chamber; S 000 lb 
powder and SO lb dynamite in other. Cost: drifting, $645; powder, 1060; charging, $75; total, 
3.6^ per ou yd. Further breaking by powder in seams made total cost 5^ per eu yd. 111. San Diego, 
Cal. Morena dam. Open cut perpendicular to face, with 4 by 5-ft drift, 116 ft long, parallel to 
and 100 ft from cut. Chambers sunk beneath floor at end and 70 ft from face. Face chamber 
contained 600 lb 7% Champion powder and 1 600 lb 40% dynamite; end chamber, 28 550 lb 7 and 
0% powder, 1 000 lb 40%, and 2 000 lb 60% dynamite. Stemming: earth, timber. Cost: open- 
out, $3 500; drifting and barging, $2 478; explosives, $3 116; total, 5.05^ per ton. IV. North¬ 
ampton, Fa. Quarry. Face, 135 ft high. DrUt, 3 ft wide and 238 ft long, along a fault 50 to 1(X) 
ft from face. 4 ohambers below tunnel, 46 ft apart, and 3 erossouts each way, 26 to 56 ft long. 
Total cost, $3 825. V. Ferrino, Wash. Quarry. 65-ft face. Two 3.5 by 4-ft drifts, 200 ft apart; 
one 150 ft long, with 3 crosscuts SO ft apart, each 80 to 100 ft long; the other 180 ft long, with 4 
erossouts, each 70 to 100 ft long. 60% dynamite. Stemming: muck, timber, and cement bulk- 
beads. VI. Piedia, Cal. Quarry. Aver height of face, 01 ft; aver overburden, 68 ft. 6 drifts, 
each 80 ft long, with 2 erossouts each side. Croescuts 40 ft apart, 40 ft long. Pits at ends of outs. 
60% dynamite and Judson R R P. Cost of explosives, 2.6|i per eu yd. VII. St Helena, Ore. 
Quarry. Drift. 3 ft wide by 46 ft long, with erossouts at end, ox)p 32 ft, the other 40 ft long. Half¬ 
way from face, a crosscut in each aide, 32 ft long. No 2 Trojan powder in 4 charges of 150 to 250 lb 
in diort cut and 6 charges of 400 to 700 lb In long cut. Cost; explosives, $350; loading, $58. 
VIII. Corona, Cal. Quarry, Overburden, to ft. Drift, VIO ft long, with side drift 60 ft from 
face, 15 ft long to left and 40 ft to right; diagonal drift 80 ft from face, 40 ft to left, and at the end a 
diagonal drift 50 ft to left and a straight drift 60 ft long to right. End of drifts charged with Judson 
R R P and 60% dynamite. IX. U P R R. 184t eut. 2 pits charged with 26 lb dynamite and 
2 775 lb of powder. Cost, about tl.lO per ou yd. X. Long Cove, Me. Shaft, 4 by 4 ft, 64 ft deep, 
with 2 drUts at bottom, each 27 ft long. Crosscuts from ends of drifts, 26 ft long. Explosives in 
orosseuts. Estimate of 1000(X)0 tons broken seems too high. XI. Paragon hydraulic mine. 
Face, 150 ft hteh* Drift, 110 ft long. Crosscut at right, 70 ft long, with drift at end, parallel to 
main drift, 55 ft long. Crosscut at left, 60 ft long, with drift at end, 30 ft long. Mudi space left 
natamped for explanaion of gases. Cwt: drifting, $300; explosives, $2 700. XII. Bl^ Point 
hjrdraulie mine. Drift, Sby 4 ft, 276 ft long. 6 erossouts, eaoh 120 ft long on left; 6 on right, each 
80 ft long. First drift on right, 76 ft from portal, and at end a 15-ft drift, parallel to main drift. 
Xtll. Dardanelles mine. Face, 176 ft high, 1 200 ft long. 5 parallel drifta, aoraes eaoh of which 
were 2 or mote crosscuts. Total length of drifts, 1 200 ft. XIV. Hydraulic mine. Qiant powder 
No. 2. XV. Colorado. Dam. Coyote or one-man tunnel, 40 ft long. 2 orosseuts from end. 
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each 12 ft long, irith pita at end. Explotdve, FFB powler and 40% dynabita, dtarged in pita 
Stemming: earth. Coat: labor, $384; dynamite, 1155; powder, II140; eapa and fuse. 111. Total, 
10.9^ per ou yd. XVI. Oregon. RR. Coyote hole, 2.5 by-8 ft in biMds, 60 ft deep. Croaseute 
at end, 75 and 46 ft. Qiargee in the 3 openings. XVIL Crooks tending. R R. 4 or 5 coyote 
holhs, 80 ft long, with Ts 40 to 60 ft Icmg at ends. XVIII. Oregon. R R. 165 ft breast. XIX 
and XX. Oregon. R R. XXI. Snake River, Wash. R R. 76 cc^ote holes, 2.5 by 3 ft, eadb 
averaging 89 ft long, run into and then parallel to aidehiil face. 3 500 ft of cliff mined by 6 177 ft 
of coyote holes. 20 000 lb of dynamite used in preparing for main blast of F to 5 F black powder. 
XXII. Oregon. Coyote holes. No 2 Trojan powder. XXIII. SmarteviUe, Cal. Hydraulic 
mine. Shaft, 74 ft deep, with main drift 185 ft long from bottom, 3 orosacuts, 70,120, and 170 ft 
from shaft, 40 ft long on either side. 10 lifter drifts from oroescuts, each 15 ft long, parallel to main 
drift. Total drifts, 570 ft long by 2.5 ft wide by 3.5 ft high. Material moved, 270 by 180 by 100 ft. 
Note ,—Above floats are pre-war. 

Gophering is a mode of blasting used in breaking the overburden in the Mesabi, Minn, 
mining districts, and elsewhere, in sandy, loose ground, where vertical boles can not be 
kept open (20). (Sec Eng & Min Jour, Vol 88, p 696.) A hole is bored with a pointed 
bar, at a down angle of 15° to 20° in the side of the bank. Dynamite cartridges, placed 
end to end, are pushed into the hole and exploded. The muck is removed with a long- 
handle sliovel, the hole deepened further, and the process repeated until a hole 10 or 
12 in diam and deep enough is obtained. A chamlMr is made at the end by springing 
with 2 or 3 cartridges. A long-handle box filled with powder is pushed in and overturned. 

Boulder blasting is done by: raudcapping or bulldozing; blookholing; and under¬ 
mining or snakeholing. Other cheaper methods are: by sledging; by drop-hammer or 
drop weights; by heating with fire and then cracking by applying cold water; by a com¬ 
bination of 2 or more of these 
methods. Heating can not be 
used with boulders larger than 0.5 
to 0.75 cu yd. Mudcapping con¬ 
sists in exploding a charge of dy¬ 
namite on the surface of a rock, 
after covering it with earth (Fig 
17); it is most effective when a 
depression is selected for the ex¬ 
plosive, if the cap is laid on the 
dynamite and not shoved into it, 
and if wet clay is used as a cover¬ 
ing. Snakeholing consists in ^r- 
ing a hole beneath a boulder and firing a charge in it (Fig 18). It is more efllcient, but 
not so rapid as mudcapping. Blockboling consists in drying a shallow hole in the boulder 
for small charge of dynamite. 

Relative costs per cu yd of breaking boulders, from a number of pre-war records (20) 
wm: sledging, A.SfS; drop-hammer, 6.5^; heating, U.OfS; blockboling, 16.8^; imder- 
mining, 17.5f$; mudcapping, 31ff; mudcapping and hedging, 32.1^. 


Table 18. Charges for Boulder Blasting (du Pont Co) 


Weight 

of 

boulder, 

lb 

Approx No of 1.25 by 5-in 
cartndges (40-60% dynamite) 

Weight 

of 

boulder, 

lb 

Approx No of 1.25 by 8-in 
cartridges (40-60% dynamite) 

Mud- 

capping 

Snake- 

holing 

Block- 

holing 

Mud- 

capping 

Snake- 

holing 

Block- 

holing 

500 

1.5 

1 



■M 

3.5 

1.25 

1 000 

2 

1.5 




4 

1.75 

2 000 

3 

2.5 

0.67 



5 

2.5 

3 000 

3.5 

3 

i 1 

1 10 000 1 

1 8 1 

6 

3.5 



Fie 17. Mudeappins Fie 18. Snakeholine 


Details of charging, tamping and firing (see Sec 4, Art 8-10). In general, a charge should not 
•occupy more than 0..5-0.6 the depth of hole (24). The wasteful practice of nearly filling '«he hole 
with explosive should bt prohibited. In close-spaced holes, the primer is aometimea placed at bot¬ 
tom, as^the fuscA ore then lose liable to be cut off by adjacent ehots; but this position of primer mi^ 
cause side-spitting of fuses; prime: is best inserted last. Complete detonation being essential for 
max force, use only strong caps good condition. 

Burning speed of fuse is affected by differencee in atmoe press. A fuse burning at 30 sec per ft 
at sea level bmns at 40 sec per ft at 5 000 ft, and 50 sec at 10 000 ft. Fuse in a hole full of water 
bnrna faster then in a dry hole. For firing holm in sequence, at least 2-in difference in length of 
fuses is esaentisl; thus, in a 6-hoIe round, shortest fuse is 12 in shorter than longest. 
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For dMtrie firing, delnjr riaotrie Uaat^ ampt, eleatrie icnit«», wiring of holas. and dreoit 
tw^ira. MO SoQ 4, Art'lO. Bwitehaa for taking ourrant from powar linea ahoald ba anoloaad in a box 
ibat 0|ui not ba dcwad or lookad nalaaa awitoh ta opan. 

Raanlta of tamping azparimaata by U S Bur of Mines, Traod laad-bloek mathoid (28): (a) for 
Uadc powder, the best tamping is reQuieita tor max effect; (b) for 40% ^namite, even amdl amounts 
of good stemming show, by iead-block teats, at least 60% inerease in afBe (other tests, in aotual 


Table 19. Cbaracteriatics of Moden of Firing Dynamite 



1 

1 

1 

Eleotrio cap 

Delay 
elec cap 

Delay eleo 
igmter 
and cap 

VSill firnffirgy from oviklniiivci.. 

lit 

lit 

1st 

lat 

2d 

2d 

FpMiHnm fmffn muflrct. 

3d 

lat 

Ist 

Relative safety to blaster. 

3d 

lat 

let 

Firat ooet. 

let 

2d 

4th 

3d 


Summary: electric firing is beet, for both black powder and dynamite, in everything but first 
cost, which may be greatly increased by miafirea or a aingle major accident.__ 


rock, 20-26%), rate of effio decreasing with more tamping; (e) good tamping diminishes danger of 
ignition of coal gss or dust from blow-out shots; (<f) considering effic only, the length of stemming 
should ba at least 3 times that of explosive (but in actual praotioe is usually 0.5-1.0 times). In 
gaseous or dusty mines, holes should ^ completely filled with beet stemming; (e) more stemming is 
necessary for old or frosen dynamite; (/) the larger the diam of hole, the greater the length of sten)- 
ming required; (g) well-stemmed holes produce most i>erfect detonation, with smallest evolution ot 
poisonous gases; (k) moist fine clay or other plastic material makes beet stemming for all explosives; 
dry powdery material is least effio. Wooden tamping bare should always be used. 

Uie of paper taminng bags (30), containing specially mixed stemming, increases blasting 
effic; breakage is improved, with possibility of using lower-grade explosive or smaller 
charges. Cartridge-shaped bags of different sizes, obtainable from makers of explosives, 
are now widely used. 

Anaconda Capper Mining Co has developed a machine for filling tamping bags. At a Virginia 
coal wine the filling apparatus consists of an inctined receiving table for the screened clay, set on a 
pitch of 35°, with a horis shelf at ita base. In the shelf is a row of holes 4 in apart, each with a brasa 
tube 1.25 in diam by 10 in long, extending below the shelf. A hinged drop table underneath the 
ehelf supports a series of 1.6-in tamping bags, which are slipped over the tubes and filled. With 
this device, 1 man fills 4 000 bags in 8 hr. 

Avoiding waste of explosives (31). Blasten should be taught to think in terms of cost of explo¬ 
sive, and to figure tonnage of rook broken per ft of hole in number of shots, hole spacing, etc; all 
of which leads to economy. 

Prevention of misfiree (33). Use good explosive materials. Keep explosives in dry 
storage (Sec 4, Art 6). Carefully prepare cap and fuse; cut off 0.25 in of oil fuse exposed 
to air for any length of time; cut fuse squarely across, and push it without twisting 
motion into the cap (Sec 4, Art 8). 

Note.—Table 4 of Sec 4 contains data for making preliminary determinations of the 
character, grade and strength of explosive for different kinds of rock and of excavation. 
It is advisable, however, for large-scale operations, and particularly for underground coat 
and metal mining, to supplement the recommendations given in the table by actual blast¬ 
ing tests and data of work in similar ore or rock (see Art 4, 5; also Sec 6, 7 and, in 
See 10, the data on drifting, crosscutting, stoping, etc). 


7. HAND AND MECHANICAL LOiVDING AND HAULING 

Hand work. One man can load 2 to 20 cu yd of rock (place measure) in 10 hr, depend¬ 
ing mainly on sise of pieces and height to be lifted. 

On Chicago Drainage Canal the aver per man in 10 hr was about 7 cu yd loaded into dump ears. 
Sle^ng took about 14% of the time. Aver per man loading into low eableway aid pa, 10 cu yd; 
fcASOX STONSS wwe rolled into the ekipe, very little sledging being required. In loading wagons 
with high sides, I man will average 10 cu yd solid measure (17 ou yd loose) of easily-lifted stones per 
10 hr. Stones handted singly can be thrown off a wagon twice aa faat. Stones can be loaded on 
wagons having atone raeka at rate of about 13 cu yd per 10 hr, and rolled off at 50 cu yd per hr (20). 
CsnaBwi sTON> oan be shoveled from smooth boards or steel aheeta at the rate of 13 cu yd solid 
measure (22 eu yd loose) in 10 hr; in shovding from the ground or hopper-bottom ears, 1 man 
handle only 7 to 8 eu yd solid measure (12 to 14 ou yd loose). 
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StMm •hoTil verk. Coat of rook oxeavatioD varies creatljr. In tlw soft inm M* of 
Meeabi range, fair eonditione, a steam ebovel easily loaiki 250 ea yd po* kr; baty ia 
poorly drilled and blasted rock, broken in large pieces, it may do as littlo as 17 cu yd per Iff. 


Table >0. Ontpirt of Steam Sbovds, Loading ]Masted Rode. One lO-br day*8 work (13) 


Material. 

Iron ore 

Limestone 

Slate. 

lime¬ 

stone 

Por¬ 

phyry, 

granite 

19 

Sand¬ 

stone 

Wiwk. 

In bank 

Stock pile 

Quarry 

1 R R out 

R R 

RR 

R R 

Canal 

Conditions.... 

Good 

Fair 

Fair 

Good 

Fair 

Low face 

Good 

Hard 

Hard 

Bad 

(billing 

No of shovels. 

Sise, ions. 

Dipper, ou yd. 
Coal, tons.... 

1 

70 

2.5 

1.75 

1.4 

3 000 . 
892 

I 

95 

2.5 

3 

3.25 

5 000 

1 350 

av of 5 
70 
2.5 
2.35 
1.45 

3 500 

1 251 

1 

90 

2.5 

4.5 

8.5 

7 700 

2 728 

av of 2 
95 

2.4 

3.5 

m 

1 

70 

2.3 

av of 2 
70 
2.5 
2.8 

avof 2 
70 
2.5 
2.2 


I 

70 

2.25 

3 

5 

4 500 
379,Ohr 

Water, gal.... 
Cu yd Ic^ed.. 







9 I 7 

1 356 1 

205 

1 m 

799 ' 

1 447 1 


Is K Y mina arhist, broken large, a 65-ton, 2.25-cu yd dipper shovel averaged for several'weeks 
about 280 cu yd solid measure per day into cars; part loaded by the dipper, part lifted by a chain 
hooked over the dipper teeth (20). On Chicago Drainage Canal, 2 Bucynu 56-ton shovels, with 
broad shallow 2.25 eu-yd dippers, loaded limestone on one section (Table 20). The rock was in 
large pieces, much of which had to be lifted with chains. Combined output of the 2 shovels was 
118 650 cu yd (solid measure) during 406 10-hr shifts, or an aver of 296 cu yd per shove] per shift (20). 

Steam shovels for rock excavation are now largely of the revolving type, with 0.75-4 cu yd 
dippers and caterpillar treads. They have greater mobility than R K type on car trucks and can 
always be kept within the most effective range of work. Bucyrus 120B revolving shovel for rook 
work is in 3 .sises: btanpabd, 4-cu yd dipper, 29.5-ft boom, 20-ft dipper handle; rior-likt, 3.5-eu 
yd dipper, 32-ft boom, 22-ft dipper handle; extra niOH-urr, 3-cu yd dipper, 36-ft boom, 25-ft 
dipper handle. Makers report 260 cu yd blasted rock handled per hr; under favorable conditions, 
300 cu yd possible (see Sec 3, Art 8 and Sec 27). 

Loading with derricks, and bucket or skip. A horse-operated derrick, with a crew of 1 foreman, 
1 hooker, 6 shovelers, 2 tagmen, and 1 dumpman, water boy and team and driver, unloaded 120 
cu yd loose measure in 1 day. In using an engine-operated derrick, with a bullwberi for slewing, 
tagmen (for slewing the boom) and team are eliminated, and an engineman and coal are required. 
A crew of 1 engineer, 1 signal man, 1 dumpman, and 7 loaders, unloaded from a scow 21.3 cu yd 
of 3/g.iu crushed stone per hr, ClamsfaeU buckets are good fur unloading care and scows. 

Cableways (Sec 26) are frequently used in quarry work, canal and trench excavation, 
and in open-pit mining. 

Table 21. Output of 4 Chicago Drainage Canal Cableways (1 month) 


1 


No of 10-hr shifts. 

49 

35 

52 

49 

Total ou yd rock. 

12 633 

8 632 

16 162 

14 535 

No of skip-loads, day shift. 

5 III 

5 327 

5 435 

4 369 

No of skip-loads, night shift. 

4 087 

1 201 

5 467 

4 468 

Cu yd sokd rock per skip. 

1.44 

1.32 

1.48 

1.65 

Cu yd solid rock per shift. 

258 

247 

3M 

297 

No of laborers. 

27 

27 

32 

32 

No of foremen. 

2 

2 

2 

2 

Total labor, hr. 

12 861 

9 608 

17 075 

15 227 

Cu yd rock loaded per man per shift 

9.82 

8.98 

9.46 

9.54 

Tons coal per shift. 

1.83 

1.63 

2.28 

2.24 


Chicago Drainage Canal (20) employed 10 cableways with spans of 550 to 725 ft, traveling towers 
73 to 93 ft high, and equipped with aerial dumps. Main cables, 2.25-ia, hauling and hoisting cables, 
0.75-iu, button and dumping cables, 5/5-in. A 70-hp boiler and 10 by 12-in engine gave a hoisting 
speed of 2iO ft, and e traveling speed of 1 000 ft per min. A complete outfit, with 2 by 7 by 7-ft 
skips, wrighed 225 tons. Crew; engineman, fireman, aignalman, rigger and laborers for loading. 
Capac of cableways, 300 to 450 eu yd solid messure per 10 hr. 

Anowrock Dam, Boise irrigation project, Idaho. Two lidgerwood cableways hancBed 101263 
cu yd of blasted rock, boulders, gravel and sand. Span, 1 300 ft; aver traveling diatanoa, 500 ft; 
aver hoisting distance, 300 ft. Hoisting load, 8 tons, at 300 ft per min; conveying speed, 1 200 ft 
per min. Skips, 8 by 8 by 2 ft. In July, 1912, 2'«hift work; in Aug, Sept, and Oot, 3 sUfta. Out- 
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pnt for 4'ino, 40 0S4 loads, oTWOchiC 3-40 «u yd, praotioal^ oU Iiutdlod in 3 ahifto. Coot of oyoM' 
tioe (not Including loading, 37^ por ou yd, u foUowo: labor, 11.14; power, 44; suppliee, L44: 
repali^, 4.74; depreo, 0.44; lucparatory expense, 0.24. Wages: laborm, 13.40 per 8 hr; cableway 
opSratora; 04 to | 6 ) liggen, 03 to 04. Power eoet, 1.04 per kw*hr. Dq^e was figured on charging 
off 70% of first cost and all the installation coat (20). 

Caiaal work. On St ‘Mary’s Channel Improvement, 4 cableways handled 1 700 000 cu yd of 
timestoae in 2.5 yr. Rook was loaded into akipa by 4 60-ton traction-mounted steam shovels. 
Sldpa htid 6 ou yd each, but aometimea 8 cu yd (18 tons) were handled. 2 oaUeways had spans 
of 1 100 ft and 2 of 800 ft. Aver haul, 300 ft. Beet month’s record for all, 22 000 ou ^ each;, best 
month’s record for one cableway, 30 000 on yd (20). 

Stmie-boats are wooden or sheet-iron platforms, beet mounted on runners, for hauBn# large 
stones short distances. If the runners are greased, 1 ton can be pulled by a team wtighing 2 400 lb. 
A SKtn BOAD is formed of partly imbedded round sticks of timber set like ties of a track 3 to 0 ft 
apart. A stone-boat holding 0.6 cu yd (scdid meaaure) cd rock ean be drawn over such a rosA 
A urmn or nnvxx. is a wooden stretcher on which 2 men ean carry as much as 0.6 ou yd. On the 
Qrand Trunk Pae R R (20), rook was cheaply hauled by stone-boats on pole tracks in summer for 
hauls leas than 600 ft, and in winter any dutanoe. Track was of 2 lines of 20 to 3(X-ft poles, 4 to 8 in 
diam, 6.5 ft apart for 2-hone team and 3 ft apart for 3-horse team. Poles ware joined by ^in 
hardwood pins. Boats were of 10 or 12 logs, 7 in diam by 8 ft long, fastened together hy 2 1.25-in 
rods. In winter the track was iced; in summer, greased (1 gal per 100 ft per day). In winter, a 
team could haul 8 yd :(ock; in summer, 1.5 yd; aver load, 7/g cu yd. On a 600-ft haul a team and 
6 men took 40 to 60 loads per 10 hr. Aver yardage per man loading, 7.3 cu yd; many rooks were 
large and had to be blookholed. The excavation comprised: 20% shovel dirt, 30% easily lifted 
stones, and 60% pieces 1 to 5 yd in volume. Cost of loading, 314 pcr cu yd; cost of transport, 174. 
Wages: muckers, 82.00 to 12.26; foremen, 83.75; maintenance of each horse, 754 per day. 

Wheelbanows hold about 0.04 cu yd solid rook; loaded by 1 man in 2 min, and^wheeled at 
180 to 250 ft per min, losing 0.76 min per round trip. 

Carts and wagons. In aver rock, 1 cu yd solid equals 1.75 cu 3 rd broken, and weighs about 
2.2 tons. Over poor dirt roads, with occasional steep rises, 0.5 ou yd (1 ton) solid rook may be 
hauled by 2 horses; on hard, level road, 1.5 cu yd; aver load on good roa^, 1 ou yd (2 ton). Aver 
speed of haul, 220 ft per min. A 1-horse cart, on short, downhill hauls, takes an aver load of 0.25 cu 
yd solid rock; under favorable conditions, Vs ou yd aver. Por short hauls, 1 driver can run 2 carts. 
With wagons, 2 men and a driver ean load 1 cu yd on a stone rack in IS min and 1 mon and driver 
can unload it in 7 min, or total lost time of 22 min. Aver of each loader, 7.6 ou yd in 10 hr (Sec 27). 

Cars on track. For tractive power of horses and resistance of ordinary dump ears 
see Sec 3. On level track, a team will haul 2 cars, each of 3 cu yd solid rock; on slight 
down grade, 1 horse will haul 2 cars holding 1 to 1 .6 ou yd. On good track, at slight 
down grade, 1 horse can haul 4 light rocker-dump cars holding 4 ou yd, if assisted by labor¬ 
ers in starting. If rock be broken into sizes that 1 or 2 men can lift, 6 to 7.5 cu 3 rd can 
be loaded per man in 10 hr. About 4 min are lost in changing te^s from mnpty to loaded 
curs, provided the track arrangement is good. Speed should be 200 ft per min. 

Steam-shovel loading. In loading rock by steam shovri, the output of the attendant train and 
locomotive is limited chiefly by the ahovel output, not by the speed at which a train may be handled. 
Following work waa done in a quarry of hard crystalline limestone, by 2 Bucyrus 95-ton, 2.5-ou yd 
dipper, shovels (13). Srovbx. A. First day: Working time, 691.5 min; lost time, 59 min, of 
which 41 min were for blasting, clearing track, and tightening jacks, 13 min waiting for cars to be 
spotted, and 6 min idling. Second day: 138 min were lost waiting for ears, of which 87 min wmo 
spent in drilling, blasting, leveling, and preparing to move, and 55 min idling. On 2 dasrs, 197 min, 
or 15.5% of the time, was lost waiting for cars, while oars lost on account of ahovel, for no apparent 
reason, 7 min; moving forward, 107 min; drilling, 125 min; blasting, 67 min; clearing track, 9 min; 
total, 315 min, or 25%. Shovbi. B in 2 days worked 1 290 min. A total of 266 min or 20.6% waa 
spent waiting for oars, of which 87 min was in idling. On same days, 327 min (25.4%) was lost to 
the trains by the shovel, as foUows; oiling, 10 min; getting up steam, 42; repairs, 5; waiting for 
cars to be loaded, 52; blasting, 81; moving forward, 113; coaling and mucellaneous, 25 min. .There 
were 5 35-ton dinkey locomotives, j4 working and 1 being overhauled. They hauled 10-ear trains. 
Cars held 5 ou yd aud weighed 4 tons. While moving, the engines averaged 527 ft per min; mini¬ 
mum speed, 156 ft; maximum, 1 000 ft put min (see also Sec 27). 


8. QUARRYINO (see also Open-cut Excavation, Art 9) 

Kinds of stone. Dimbbbiom e'rom ie quarried and split to assigned dimensions ready tor 
dreasing. Rubblb stonb is in rough slabs or blocks of irregular sises. For dimension stone, there 
must be a good wonxiNa vacx and usually a CBAUinu, at each end, to expose 3 faces. Then, by 
^vedging or careful blasting, long blocks are scoured, which arc split into short blocks for handling by 
derricks. To get k euehioning effect in blasting dimension atone, several inches of hole above the 
charge may be fillbd eitii-hay; called "expansion tamping." For rubble or backing stone, but little 
ohauneling is drme; the rock is shaken up by light blasts and irregular slabs bu'red and wedged out. 

Joints sad elosvngo pisnes must bo carefully considered. Ail eedimentuy rocks and soma 
others, as granite, have 3 perpendicular cleavage planee called the obaih, k(ft, and bbao. Trap 
Toeke, diabue, dUorite, porpbsrry, etc, often have no rift and are unfit for ttimenaion atono. Ck»t ut 



6-24 


BOCK KXCAVATION 


qwrrytnc depend* pertft <>>> thiokneae of beds end their ntp to the horiaontal. With eteep 

dipe, both thick end th&-b«dded atone must uauelly be renoved aimutteneoudy; ee the quarry 
dMpena, the depth aooh beeomea too great for prohtable work. If jojnte are irregular a duarry 
ie a Bounnaa quabbt; if vertical and at right angfaw, anoca quabbt; where there ia praetiaally no 
vertical joint, but a aeriea of horis jointa, a Baaar quabbt. 

Ping and femtheriag conaiets of splitting rocks by shallow boles, in which 2 PBATHaBS 
or shims (pieces of half-round iron, the sides of which are curved to fit Ihe hole) are forced 
apart by hammering a wedge plug between them (Fig 19). 

Holes required. A granite block 6 ft thick may- be split 
with a row of plug holes 5 in deep and 6 to S in apart; for a 
3-ft block, holes are 2.6 to 3 in deep. Marbles and sandstones 
require deep holes. For sandstone, holes are 1.26 to 2 in diam, 
4 to 16 in apart, depth being s^/s the thickness of the block. 

Drilling methods. Plug holes are drilled by hand, pneu¬ 
matic hammer drill, or reciprocating drill. For shallow holes, 
the hammer drill is cheapest; hand hanuner next. For deep 
holes, a reciprocating drill on a quarry bar, or a hammer drill, is 
moat economical. Haitd plcg-hooe dbiluno. In granite, 1 man 
can drill in 8 hr 80 G/g-in holes, 2.5 in deep; total, 17 ft. With 
holes 24 to 30 in apart, and wages at 30(i per hr, cost of splitting a 
block is 2.5 to 3^ per sq ft. Pneumatic hammer driuus. In 
granite, 1 man can drill in 8 hr 250 ^/g-in holes, 3 in deep, if the 
driller does not drive the plugs. In sand stone, 4-ft holes have 
been drilled in 18 min, and 20 holes, 18 in deep, were drilled at 
Bast drill, on quarry bar, will drill a 3- or 4-in hole in 0.75 
min, averaging about 100 holes per day. 

Special quarry methods. Broaching or brosch channeling consists in drilling a row 
of holes very dose together, and then, with a broach or chisel, cutting out the rook 
between them. One drill on a quarry bar (Sec 15) will broach per day: in granite, 
10-20 sq ft; marble, 20-30; limestone, 15-35; sandstone, 20-40 sq ft. Gadder is for 
drilling rows of horis holes near the quarry floor, or a vertical or inclined cow in the face. 
One drill has made 350 ft of 2-ft holes in marble in 10 hr. Track cuanneler is a sdf- 
propelling machine, traveling back and forth on a 10 to 30-ft section of track, and cutting 
a narrow groove with a single bit, or one or more gangs of bits. See “Compressed Air 
Plant,’’ Peele, 5th edn. Chap XXII. 

Some channelerB out vertical grooves, others can be swung at varying angles, or are arranged 
for undercutting. Ingersoll “Broncho” channeler is mounted on 2 parallel bare, resembling a 
quarry bar. Channelers may carry a boiler, or be oper¬ 
ated by eteam or compressed air from an independent 
plant. Ingersoll-Rand Co builds an air-electric channeler, 
aimilar in operation to their air-elec drill. Channelers 
ooet $2 500-64 500 (pre-war). In dimension-stone quar¬ 
ries (other than granite) they are economic necessi¬ 
ties, because fully 20% of the stone quarried without 
channeling ie lost in subsequent cutting. In granite, 
broaching or wedging is usually cheaper. Cost of running 
a channeler is about the same as of a steam drill; 2 men 
and 0.5 ton coal per day are required. Cost of riiANNBL- 
IMO UMBSTONB, N Y State Barge Canal, for 16 consec¬ 
utive montha foliowe; Sullivan Y-8 channelere, costing 
92 800 each, were used. Operating crew per channeler: 

0.16 to 0.5 of the time of a foreman @ 64 per day, 1 runner 
9 63.60, 1 fireman ® 62, 1 helper @ 61.75, 1 laborer @ 

61.50. Cost per aq ft for 126 544 sq ft: labor, 22^; coal, 

2.3^; water, 0.2^; repairs, 0.14; int and deprec, 2.44; 

Standard or rigid-back channelers out to depths of 10 
6 to 12 ft; undercutting channelere, 7 ft. Max inolinatione of swing-back channeler having boiler 
or reheater, 24”; other types, 28”. The bits do not rotate. In Fig 20: A shows the gang used in 
marble or rooka which chip freely; B, that used for tough rocks which do not chip freely; C, for elate; 

9 ie ueed in both quarry and contract work for sharp, gritty stonea; If ia the 
Bol» Z-bit, common in contract work in rough broken etone. 

Knox oyatem of blMting. A number of round boles are drilled, and then 
reamed by hand to the shape shown in Fig 21. In medium sandstone, holes 
should be 1C to 15 ft apart; in limestone, about 4 ft apart. Black powder 
or contractor's powder will split the rock in the direction of the angles (20). 

Qnanryiag coaprdsssd air is practiced at Mt Airy, N C, where the 
granite bM few joints, and splits readily in almost any direction. A oentrdfy 
located hole, 2 to 3 in diam and 6 to 8 ft deep, is sprung with dynamite. Then, repeated chargee .til 



Fig 21. Knox Sys¬ 
tem of Blasting 



Fig 20. Channeler Bite 
total, 274 (1008-9). 

to 16 ft; swing-buck and bar channelers. 



Fig 19. Plug and 
Feathers 


rate of 1 hole in 25 sec. 
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l>lMk powder, besinniiis with a handful and gradually inwaa^ag in dao, atart and aztead horia 
daavaiB eracka. When tha oleavaga laaohea 76 or 100 ft in aD diraetiona, air at 70 lb praaa ia 
admitted through a pipe oemanted into Uia hole. In any 0.5 hr, the olearage raadiea the aurfaoe 
250 ft db from the d^ hole, and the large iat alab ia apUt into blocka hy idoge and featbeta. 


Table 22. Rata of Cottiog arith SolUvan Channalarn (from SuUivan bulletins) 


Location 

Kind 

of 

rock 

Sq ft 
cut 

Time 

Location 

Kind 

of 

rook 

Sqft 

out 

Time 

Day's work 


Day’s work 


Philipeburg, Que.... 

in 

63 

10 hr 

Pennsylvania. 

<7 

60 

Aver day 



100 

10 hr 

Vermont. 

a 

75 

Aver day 
Aver day 


m 

2 309 

Aver mo 

Virginia. 

H 

200 

Tenneeeee. 

m 

80 

Aver day 

Virginia. 

H 

262 

Aver day 

Vermont. 

Georgia. 

wk 

219 

200 

High day 
Aver day 

Contract 

work 


TttttwgiMflin.. 


ISO 

Good day 
Aver mo 

Lockport, 111. 

c 

210 

Aver 10 hr 

Brandon, Vt. 

B 

1 485 

Lookport, Ill. 

c 

382 

High 10 hr 
Aver day 

Brandon, Vt. 

Wm 

1 677 

Aver mo 

Sault Ste Marie.... 

D 

75-100 

Bloomington, Ill. 


6 000 

lOdaye 

Keokuk, la. 

D 


lOhr 

Bateeville, Ark. 

D 

130 

Aver day 

Sault Ste Marie.... 

S 


8 hr 

Carthage, Mo. 

D 

137.5 

Aver day 

Sault Ste Marie.... 

I 


8 hr 

Amheret, O. 

E 

225 

Day 

New York City.,.. 

J 

60-75 

8 hr 

Florida Kcye. 

F 

750 

Aver 10 hr 

Panama Canal.... 

K 


8 hr 


A. Marble. B. Hard marble. C. Limeetona. D. Hard limestone. E. Sandstone. F. Coral 
rook. Q. Slate. H. Soft soapstone. 1. Tough sandstone. J, Gneiss. K. Medium broken rook. 


For quarrying a granite dome at lithonia, Ga (34), free from joints and sheeting planes, an arti* 
ficial shrating plane was necessary. For this, 2 3>in holes about 8 ft deep were drilled olose 
together, each charged with a spoonful -of blaok blasting powder, tamped with clay, and fired 
simultaneously. The "rift” being horis, the light blasts started a boris fracture from the bottom 
of the holes, which were cleaned out and refired repeatedly with gradually inoressing charges, 
never large enough to disturb the stemming. Care was taken to avoid making vert cracks, through 
which the compressed air subsequently used would be dissipated. Solar heat is said to assist this 
process; during the hottest weather the fracture extended without explosives. The light blasting 
was continued until the boundary of the horis* fracture roughly formed a circle with a radius of 
160-180 ft. An iron pipe was then set in each hole with sand and melted sulphur, to make an idr- 
tight joint. Air at 100 lb was forced through the pipes into the horis fracture, which widened 
with a rending noise until it reached the surface on the flank of the rock dome; the sheeting plane 
thus formed having an area of 1-2 acres. 

Quarrying broken stone (36, 37). Sise of crusher (which depends on character of rock) affects 
else of shovel dipper. If the rock can not be easily broken with sledges at the crusher, secondary 
blasting is necessary before loading on care; use of a small shovel dipper prevents feeding excessively 
large pieces to crusher. Height of quarry face has some effect on sise of shovel, but more on type of 
drilling equipment and mode of working. To prevent injury to shovei, combined working length of 
boom and dipper handle should equal the height of face, which should generally be less than 40 ft for 
uoy sise of shovel. Though high faces are more cheaply drilled and blasted, the stone may break 
too large, with greater cost of secondary blasting. 

Quarrying flux for blast furnaces in western Penn (36). The strata are horis, faces 7-22 ft high. 
Drilling is done on top and at such distance back from face that large shovels can clean up a blast 
on 1 passage. With higher faces, or smaller shovels, 2 or more psssages are necessary. The face 
is devdoped with a gradual spiraling, causing highly effie operation. 

R R shovels on track, with 2.5 to 4-yd dippers, deliver 1 200-1 600 ton a day; smaUer siaes 
undesirable. Small shovels on traction wheels may serve for.^ (a) say, leas than 800 ton per day; 
(b) splitting up total tonnage into several upits; (c) where a light-weight track is used: (d) where 
quarry conditions prevent adoption of spiral faces. ^ 

Transport systems for quarries (86) depend upon relative size of shovel, cwr and 
crusher, and unit of train movement. For R R type shovels, the quarry track should be 
at least 42 in gage; standard gage (4 ft 8.5 in) is preferable, for cars to 15-toa capao. 

High oars sre oheapw to load than low, because, when the shovel completes its working stroke, 
the dipper is usuaOy elevated, ready for dumping. Large cars save time in spotting the dipper; 
hence, faster dumping with less spill. Capacity of train umt on 1 movement should equal at least 
20 sun nominal shovel duty. A 1 200-ton R R shovel should load a 40-ton train in 10-15 min, 
5-10 min being alloved for moving shovel, shifting trains, hard digging, etc; 300-tan traction shovel 
requires at least a 10 -ton train. 

In many quarries, especially where length of haul is moderate, motor trucks are used from shovel 
to crusher. Advantages over track and car are greater flexibility of operation, elimination of 
track and uaurily lower coet. Truck bodice vary from 5 to 10 cu yd oapac, either aide or end dump; 
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ROCK EXCAVATION 


p«nniMtl« tires sre ooittiBen (See S7). Aver trsnsport eoett 36 trudcs, bseed im 8^^ reewds in 
four diffnrent qusrriee is N Y, Conn, end No CsroUas, is 2 5 to 6^ pa ton nUle. 

Quanr bisstiac proHems (38). At » esndstone quarry, vheoi the holea trere in straight lines, 
the rook broke large, the explosive force being mainly expend^ in shearing from the fees. This 
was largely ovaoome by staggering the holes (Fig 22). In aaothw ease, in very tough rook, holao 
rarely broke to the bottom. DnlUng as in Fig 23Jiaproved the work. In hard limmboas, bettw 



Fig 22. Staggered Holes to Increase Shattering Fig 23 Arrangement of Holes for Brwldag 
Effect Hard Bottom 


results were obtained by drilling as in Fig 24. The rows farthest from face were made with well 
drills, and charges concentrated near bottom. Two rows in front of these wae tripod-drilled and 
chaged from a point halfway up to within 6 ft of surface; this greatly reduced secondary blasting. 
At a quarry in hard, stratified hmestone, ordinary methods failed to break rock small enough for 
handling. Fig 25 shows the remedy. Holes in back row wae 60 ft deep; in front, 36 ft. The 
deep holes wae charged with 150 lb 40% straight dynamite and 40% gelatin, front boles, with 
SO lb of 40% straight dynamite 

Secondary blasting (30), required when main blast breaks too large lor shovel or crusher, is 
done by blockhohng or mudcapping (Art 0), blookboling is usually the cheaper. Holes are 11/8 in. 



Fig 24. Arrangement of Holes to Heduce 
Secondary Blasting 


Fig 25 Arrangement of Holes on High Face 
to Reduce Secondary Blasting 


for 1-in cartridges; with small diam cartridges there is less waste in cutting them for small charges. 
Mudcapping requires only a few min to prepare, and saves shovel time in waiting for bouldeis to 
be drilled. Large boulders, which can not be handled by the shovel are roUed and nosed out at the 
way, to be broken later. 

Underground quarries (35) avoid cost of removing deep over-burden, and permit year- 

round operation. When topography is suitable, 
they are opened by tunnale. 

The methods often resemble breast and bench atopinc 
for mining flat depoeits (see Sec 10, under detsda of (3pen 
Bto^, showing bottom headings, suitable for faces 16-24 
ft high; also see bench work for 24-ft faces and ovw). 
Due to low value of the material, the quarry stratum 
should usually be at least 10 ft thick. Fig 26 shows saw¬ 
tooth method of slabbing off in horis strata, teaving pillani 
to support roof, it resembles rill sioping. See 10, Sss- 
t'ooal steel (Art 2) has been used in beneha 12-24 It 
high, BO that entire bench can be shot at one tinw. An 
flHft hegding is first eut, then, with eeotionsl rods, hdw can be drilled to bottom. 



ng 26. Saw-tooth Method of Working 
Quarry Faces 
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9 . OPEN-CUT ROCK EXCAVATION 

thin work on used auiy of the methoda and maohinee oonaidared in {Mreo^dioc Artldea. 
It raa^bkia aoma Idndfl of quarrying, and ia aimilar in naarly all raapaota to atripping opemtiona 
and opan*aut mining, datailad in See 10. For maehino drilla, aae Seo 16; ohurn t&illing, for deep- 
hole bloating, Saa 0; for ataam ahovela. Sac 3 and Sac 5, Art 7. 

Side-lillI cnti, where rock is wasted directly in front of the excavation, are usually the 
least expensive type of open cut. Ratio of the propulsive effect of black powder to its 
shattering effect is about 8.6, while that of dynamite is about 1; hence, it is often desirable 
in side-hill work to use black i>owder, so that the rock may be thrown as far as possible 
from its bed. 

k 

Bida-hiU cute (20) on Watauga and Yadkin Valley R R, N C, ware made by blasting rock clear 
of right of way in one operation; about 0.6 cu yd being thrown out per lb of explosive. In a cut at 
8 000 cu yd (65% hard mica schist), 23 holes ware drilled in 2 rows; upper boles approx 20 ft deep, 
to 2 ft below grade; lower boles, 16 ft deep, to 6 ft below grade. They were sprung twice, first by 
6-6 sticks of dynamite, then by 25-30 sticks. Experience showed that 1 springing, with 10-12 
sticks, would have chambered the L< lea better. Main charge of 7 025 lb powdw broke 7 000 cu yd. 

A small side-hill out in hard rock, made by hand-drilled holes, 7-11 ft deep, contained 1 300 cu 
yd. Cost, including $126 for removing loose rook after blasting and dressing the face, was (in 1913} 
34.3^ per cu yd. About 320 ft of holes were drilled at about 40^ per ft; 0.24 ft of hole per cu yd 
blasted. Springing required 0.12 lb dynamite per cu yd; main blast, black powder, 2.3 lb per cu yd. 

Through cuts occur oftenest in canal and R R work. Depth and width of cut, and * 
mode of removal, determine the plan of attack. Excavation in through cuts generally 
costa more than in aide-hill cuts. 

Excavating rock in open cuts, Grand Trunk Pac R R (20). Cuts, 20 ft wide at bottom, sloped 
3 in to 1 ft. Overbreakage, usually paid for, was 10 to 40%. Rock was granite, trap, and diabase. 
Steam drills used in large cuts, hand drills in small. Hand munui (1-in steel, 1 VS'in bit) made 
holes as deep as 30 ft. To depths of 6 ft, 2 men struck and 1 held the drill; Mow 6 ft, all used 
hammers, the drill rotating automatically on the rebound; wages, $2.25 per 10 hr (day’s work), or 
45^ per ft, sharpening and nippermg furnished. 3 men, drilling 10 to 14-ft holes, averaged in dark 
hornblende 20 ft i>er day, in red granite, 20 ft, and in trap and diabase 18.5 ft. In drilling block 
fadee, 1 gang made 49 holes, averaging 15 in each, in 6 days. Drill sharpening for one mouth, for 6 
gangs who drilled 2 142 ft, cost: blacksmith $3.50, $87.50; helper ^ $2, $48, nipper @ $2, 
$48; coal, $12; total, $195.50, or 0^ per ft. Average cost by 5 gangs, each drilling 18 ft per day: 
billing, 37^; sharpening, 9^; total, A&i per ft. 

Holes to 30 or 35 ft deep were made by 3.25 and 3.5-in steam drills; holes to 25 ft deep, by 3-in 
drills. Btarting bits, 3.5 in; finishing bits, about 1.25 in. Cost of running 1 drill per 10-hr day: 
runner, $3.75; helper, $2.25; fireman, $2.50; 0.5 blacksmith, $1.87; 0.5 helper, $1.13; 1 cord wood, 
$2.25; coal, 30^; repairs and oil, 38^; total, $14.43. Aver, 30 ft drilled per day, costing 48^ per ft. 
When 2 drills were run from 1 boiler, cost was about 38^ per ft. 

Cuts over 25 ft deep were made in 2 lifts. In bottom benches, 1 ft of hole and in top benches, 

2 or 3 ft of hole, were chambered. A 26-ft hole, 14 ft from face, was sprung by: (u) 2 sticks 60% 
dsmamite, water-tamped; (b) 5 sticks, water-tamped; (c) 12 sticks, water-tamped; (d) 30 sticks, 
sand-tamped; (e) 70 sticks, sand-tamped; total, 119 sticks. Another similar hole: (a) 2 stieks, 
water-tamped; (b) 5 stieks, water-tamped; (c) 12 sticks, water-tamped; (d) 3.5sticks, sand-tamped; 
(e) 100 sticks, sand-tamped; total, 154 sticks. First hole was charged with 275 sticks of 40% 
dynamite; second, with 150 sticks of 60% and 175 stinks of 40% dynamite. (1 stick >= 0.35 lb.) 
These holes broke 450 cu yd of rock. Cost: drilling, 4.8^; springing, 6.3^; blasting, 9.34: total, 
20.44 per cu yd. Blaster, 37.54, and powder monkey, 22.54 par hr. Dynamite, 184 per lb for 40% 
224 for 60%, about 0.4 lb of 40% being used per cu yd for the main blasts, and 0.38 lb of 60% tat 
springing. About 76 lb black powder equaled 60 lb 40% dynamite. Cost of excavating 7 024 cu 
yd red granite from a tunnel approach on same R R was $1,019 <>er ou yd. 


10. TRENCHING 

Overbregkgge. Speoiffcatious should name a minimum width of trench, beyond which 
NEAT UNBS the rock removed shall not be paid for. Depth should also be named. Over¬ 
breakage in rook sometimes exceeds the specified cross-section by 25 or 30%. 

Depth and spadag of holes. Holes in thin-bedded, horisontally stratified rocks are 
usually drilled 6 in below specified bottom of trench; in thick-bedded, tough limestones, 
about 12 in below; in tough granites and traps, 18 in below. 

For hsnd drilling in granite, boles are often spaced about 1.6 ft apart. In trenches 2.5 to 3 ft 
wide, rows, 3 ft apart, of 2 holes each, are common. In a trsnah'6 ft wide in hard trap 3 holes per 
row were (Mlled, the rows being 3 ft apart. In an S-ft trench in granite, there were 3 holes per row, 
rows 4 ft apart. In tto 6Hrt trench named above, about 4.5 ft of hole were drilled per ou yd, the 
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holaa goiBc to 1.8 ft befanr gmde. BtwiBi drills node 86 ft (rf hole per doy 9 80# per ft. Dymnite. 
3 lb of 40% per bole, or 3.6 lb per eu yd <tf net exeevetitm. Henoe. driUinc ooet $1.86 end bating 
404; total, 62.18 per on yd. The above S>ft trench was 12 ft deep; bolee drilled to 1 ft below'grade, 
2.74 ft of hole twr on yd net. DriUa averaged 46 ft in 10 hr; cast per ft. 284. Dynamite, 
about 4 lb of 40% per b^e, or 1.1 lb per on yd. DriUing ooet 634 and bleating 174; total, 804 per 
ou yd (pre-war eoeta). 


Coat of trenelilng In Umeatone, St Looia, Mo (20), about 1906. Rock waa in horiB atrata, the 
upper 4 or 6 ft being aeamy and rotten, the reat hard and difficult to break. Book waa excavated 
6 in bdow all pipes of ISdn diem or less, and 0 in below larger pipes. Excava¬ 
tion was paid for to widths 1 ft greater than diem of pipes of leas than 18 in, 
and 16 in greater than the diam of larger pipes. Drill holes were 6 in from side 
of trmieh, and staggered 4 ft apart in top rock (Fig 27) and 2.6 ft apart in hard 
rock. Projectiona were sledg^ or shot off. Holes were drilled in 2 lifts, top 
bolee going halfway through the ledge, bottom holes 0.66 to 0.75 the titiokneas 
of ledge. DriUing was single-hand, with 1.76-in bits, 10 ft being drilled in 8 hr. 
Dynamite, about 4 300 lb (2.25 lb per cu yd). Aver rock broken per S-hr day 
per quarry man, 0.66 ou yd. Overbreakage, about 20 %. Coat of earth exca¬ 
vation, 604 per eu yd. nie cost of the rock work was as in Table 23. 




Fig 27. Arrange¬ 
ment of Trench 
Holes 


Table 93. Coat of Trenching in Rock per Cn Td. St. Louis, 1906 


'8.9 

n 

lli 

< 

Cu yd 
excavated 

0 * 91 ^ 

s 

£ ^ 

1 ® 

i; 

E 

>3® 

Total di¬ 
rect labor 

Black¬ 
smith, 4 

Dyna¬ 
mite, 4 

Total coet, 
breaking 
rock 

Cost of 
removal 

li 

Grand 

total 

21 

370 



56 


24 

84.30 

20 

40 


81.40 

15 

86.45 

18 

287 


317 

85 

3.24 

34 

4.43 


40 


1.40 

15 

6.58 

18 

314 

13 

Kna 

84 

2.76 

44 


20 

40 

4.64 

1.40 

15 

6.19 

15 

222 

11 

206 

87 

3.13 

39 

4.39 

20 


4.99 

1.40 

15 

6.54 

15 

251 

8 

180 

89 

2.15 

66 

3.70 

20 

40 

4.30 

1.40 

15 

5.85 

Aver 


11.9 


74 

3.10 

36 


20 

40 

4.80 

1.40 

IS 

6.35 


Special carriages, for carrying a boiler, and a drill mounted on a bar, were used in sewers 
at Havana, Cuba. Wt per outfit, 5 000 lb; drills were Sullivan, 3.25-in. Rock varied 
from very soft to flint-like hardness. Time studies of 4 machines drilling 40 holes: total 
drilled, 366 ft; aver depth of hole, 0.16 ft; aver drilling time, 26.4 min per hole w 2.0 min 
Xier ft; changing steel, 1.4 min per ft; moving drill on bar, 0.6 min per ft; moving machine 
from hole to hole, 1.0 min per ft; total time, 2 231 min; average per ft, 6.1 min (20). 

11. SITBAQUEOUS EXCAVATION 

Methods employed are: exploding dynamite on the rock surface, unwatering the rock 
by cofferdams or caissons, and drilling from platforms or scows. This work is a branch of 
Qvil Engineermg, to books on which the reader is referred (12, 20). 
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TUNNELmG 


Introduction. The following discussion deals with tunnels or adits of small oross-seo* 
tion and larger tunnels in which the entire area is excavated in one operation, in contrast to 
the tunnels where an advance or pilot heading is driven first and enlarged later to full sec¬ 
tion. It includes, however, tunnels driven by the heading and bench method, wherein a top 
heading is carried only a round or two in advance of the bench. For methods of enlarging, 
timbering and lining-railroad tunnels, sec the works of Drinker, Prolini (27), Stauffer (28), 
Lauchli (29), publications of the mining and civil engineering societies and the technical 
press. “Kock Tunnel Methods” (30) contains summaries of data from “The Explosive 
Engineer” and illustrations of methods employed in R R tunnels, also data on mine and 
other tunnels of small cross-sec. Additional data on tunnels and drifts driven in immediate 
connection with mine development will bo found in Sec 10, where full details of procedure 
and costs are given. 


1. REPRESENTATIVE TUNNELS 

Tables 1 to 3 contain data on 2S tunnels, from various sources as noted. Tables 1 to 7 
present summaries of data on different phases of tunneling operations. 

It may be remarked that many of the examples given are of tunnels for purposes other 
than mining. Within the past decade, comparatively few important mine tunnels have 
been driven. 


2. ORGANIZATION OF WORK 

Organization of work in tunnel driving depends chiefly on rate of advance required, size 
of cross-soction, power and equipment available, and magnitude of project; in some cases, 
especially in the last lew yeai-s, laws governing hours of work are a factor. For each tunnel 
job there is an approx rate of advance foi‘ max economy, depending on whether there are 
penalties for finishing after, and bonuses for finishing before, a given date; whether prompt 
completion will effect savings in total operating costa of the mine or other project to be 
served; overhead costs; and other similar considerations. Rapid advance requires a high 
degree of organization; luecision in performing the several oiiorations in the work cycle; 
equipment to provide adequate ventilation for continuous work at the face; and often other 
special equipment not essential in slower work. A break-down at any point in the work 
cycle is apt to disorganize the entire job and increase costs. Up to a certain rate, which 
varies with conditions, rapid driving obviously results in si>reading supervision and fixed 
charges over a greater footage, thus reducing cost per f t; but constant pressure to attain max 
speeil involves sacrifice of numerous small economies otherwise possible, and tends to in¬ 
crease the direct cost per ft. 

One shift of drilling and blasting, with mucking and tramming on the opposite shift, 
constitutes the simplest organization. With the latest drilling equipment and enough 
macliiues at the face, almost any round can easily be completed in an 8-hr shift. In a tunnel 
of large section, a round of deep holes may break more muck than can be hand-shoveled in 
one shift, whereas modern power loaders will clean up as large a round as can be pulled. 
Thus the organization of the mucking shift will depend on whether loading is by hand or 
machine. If by hand, the mucking shift may have to work overtime, or two mucking shifts 
may be needed, obviously increasing the speed of driving. Some advantages and disad- 
vantage.s of one-shift operation under ordinary conditions follow. Advantaozss; 1. Drill¬ 
ing and mucking are done on .separate shifts; the heading is clear when the drill-shift comes 
on, BO that the machines can be set up at ohee for the next round. Runners and helpers 
therefore waste no time in mucking, preparatory to mounting the drills; an important 
point when columns arc used, because, for setting up, the debris mu.st be cleared down to the 
floor. 2. During dr’Uiug, runners and helpers are not hampered by the muckers, avoiding 
the waste of time due <.> both crews working together. 3. Starting promptly, the round 
can usually be completed within the allotted time. But, in any case, sufficient extra time 
is available without delaying the following shift. 4. Drilling and mucking shifts can be 
arranged to avoid loss of time in waiting for smoke to clear away; a serious consideration 
where ventilation is poor. DiSADVA>’TACiBa: 1. Since daily progress is limited by the 
advance from a single round the total speed is slower. As most tunnels are useless until 
completed, if work is not pushed the capital invested in equipment is tied up too long, 
whence the charge for interest and depreciation is increased. 2. Realization of benefits 
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TftUe S. Tannd 

Numbers in left-hand column refer to tunnels so numbered in Table 1 


No 

Elxplostve 

Ventilation 

Ft advance ] 







Strength, % 

Lb per ft 

Method 

Pipe diam, in 

Aver 

1 

40 and 60 

115-120 

Ex-ai 

24 

450 

2 

40 

. 1 

Bx 

22 


3 

60 and 40 

w 

Ex-Bl 

14 


4 

60 


fan Ex 

10 and 12 

100 

5 

60 

31 

Ex-Bl 

20 

620-952 

6 

60 

1 

Bt 


375 ± 

7 

40 

14.5 

oomp air 


342.5 

8 

40 


Ex~Bl 

20 and 22 

540 

9 

60 and 80 


1 fan Ex 1 


924 (tr) 




' comp air f 


10 

40 and 60 


i iioot t 


480 ± 



1 Ex-Bl 1 



11 

60 

20.5 

fan Ex 

20 

495 

12 





300-770 

13 

40 and 60 

12.17 

I‘Bl 


351 

14 

60 

31 

PBl-Ex 

16 

413 

15 

40 and 60 

24 

fan Ex 

10 

301 

16 

40 and 60 

22.7 

Bl 

12 

1 158 

17 

40 and 60 

17.4 

PBl 

12 

550 ± 

18 

40 and 60 

17.3 

PBl-Ex 

18 

244 

18a 

40 and 100 




281 

19 

40 

22.7 

PBt-Ex 

16 

714 

20 

40 

18.6 

Pin-Ex 

15 

843 

21 

60 and 100 

25.0 

PBl-Ex 

16-17 

285 

22 

60 

34 

fan Ex 

15 

544 

23 

40 and 60 

16 

PBl-Ex 

16 

250 

24 

40 


PBl-Ex 

14 

300 

25 

40 and 60 


PBl 


524 (ri 

26 

40 and 60 


fan Ex 

12 

250 

27 

60 

28 

PBl 


520 

28 

25 and 30 

20 

PBl 

15 

( 408* 

1 569t 


Max 


630 
i 157 

1 269 


555 


Cost of 
excavatioa 
POT ft 


$190.00(0 

2S.03(u) 

23.76 

20.00 


12.02 

46.00±(«) 


24.01 (x) 


19.08 

39.54 

20.77 


26.B0(]/) 

22.44 

21.36 


27 27 
31.08 
25-30 
26.70 


15.00 


£/, blon'iuK; i?z, exhausting; exhaust, then blow; PBf, pressure blower. (() 21 X 21-ft 

tunnel; cost includes heavy expense for road construction and other preparatory work; (u), iiicludea 
proportion of construction ana equipment costs and other capita! chargee; (v), dry sections, exca¬ 
vation only; (w) one month only; (z) b.asod on £1 $4.65; (p) cost of 2 759,5 ft for year ended 

Aug 31, look); (r) portal beading. * West portal, t portal. 


to be derived from the tunnel is delayed. In case of a drainage adit the extraction of ore 
below water level is delayed; or, if the adit is intended to lower the cost of underground 
transport, loss on the added tonnage handled in the old way should be charged against 
the slower driving of the tunnel. With an irrigation tunnel, an entire season’s crops may 
be lost because of the increased time required by the one-shift system. 3. Overhead 
charges are operative during full iieriod of construction; these charges per ft of tunnel are 
smallest when the max number of hours per day are employed in driving. Finally, although 
one-shift work is cheaper in wages, tliis may be offset by losses due to delay in completing 
the tunnel. 

Two shifts will obviously make faster progress than one shift, the direct cost per ft being 
the same or more or less, depending upon organisation and Equipment. With hand mucking 
it is usually necessary to work the drilling and mucking crews simultaneously, although 
there is advantage in having the muckers start an hu\ir,or so before the drillers in order to 
make room for the latter to work over tire muck pile. In this s.vstem, drills are usually 
mounted on a horis bar set over the muck pile, and the top and breast holes are drilled first 
while the muckers are removing the rock beneath. With vert column mounting, the shift 
first mucks back from the face to make room for the set-up. A disadvantage of the horis bar 
and drilling over the muck pile is the chance of drilling into a missed hole with a vert col¬ 
umn set-up; time is lost unless the muckers come on ahead of the drillers; in either case, 
working the two crews together usually results in congestion at the face and loss of effi¬ 
ciency. With mechanical loading the work is usually planned for a clean set-up of the 
machines for each round, unless two complete cycles per shift are desired, when it may be 
necessary to use a horix bar set-up. The machines may be mounted on horis bars, vert col¬ 
umns, or drill carriage, and enough machiura are employed to drill a deep round and shoot 
in 4 to 5 hrs or less. Mucking can usually be completed in 2 to 3 hrs, leaving a clean set-up 
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for die next diift. The mucking time varies but jiittle with sixe of tunnel section, providing 
the mucking machine capacity is sufficient. In some tunnels two complete cycles are com¬ 
pleted in a shift using mechanical loaders, horiz-bar drill mountings over the muck pile, or 
a drill carriage, witli adequate ventilation for removing blasting fumes, and facilities for 
quickly changing cars at the face. Where two cycles are completed per shift, separate 
mucking-machine and loading crews are sometimes employed, each of which works two 
high-pressure periods, with an intervening rest period partly devoted to overhauling gear 
and equipment, sorting steel, preparing for biasting, etc. For one complete cycle a single 
crew will usually suffice, the drillers operating the mucking machine after blasting. 

Three shift organization is similar to that for two shifts, except that each crew must 
usually be composed of men capable of taking up the work at any point in the cycle where 
the previous crew leaves off. Unlike 2-shift organization, if delays occur there is no time 
between shifts to complete unhnished work. 


Table 4. Typical Time Cycles in Representative Tunnels 
Numbers in left-hand column refer to tunnels so numbered in Tables 1-3, which show 
number, type and mounting of drills, and mucking method 





Aver ft of 


Time cycle 


No 

Name 

No 

hole per 
round 

DriU 
min (a) 

Blast 
min (b) 

Muck 
inin (c) 

Total 
hr : min 

2 

Britauiiitt. 


215.+ 

HO 

47 

150 

5 : 37 

3 

B. C. Nickel. 


290 + 

390 

120 

210 

6 : 00 (d) 

S 

Cascade Pioneer. 


234 

105 

38 

130 

4 : 33 

(«) 

Cupper Basin. 


493 + 

174 

60 

288 

8 : 42 

9 

Eureka. 

8 

202 

HO 

40 

105 

4 : 45 

11 

Ilalkyn. 

Halkyn (b). 

10 

10 

234 

360 + 

«38(/) 

186 

69 

(fi) 

80 

5 : 35 

14 


13 


286-403 

38-45 

« 

390 

5 : 24-7 : 28 

15 

Maniniolh. 

14 

130 

540-585 

62-95 

( 2 -(- rounds 

16 

Moffat No 5. 

15 

234 

121 

59 

116 

1 in 3 shifts 
4 : 56 

17 

New Haveu. 

16 

312 

360 

0) 

300 

(fc) 

19 

Ojucia. 

18 

208 

HO 

47 

150 

5 :37 

20 

Owyhee. Nu 5. 

19 

172 

no 

40 

78 

3 : 48 

22 

Sheep Creek . 

21 

HO 

254 

23 

245 (i) 

4 : 37 

(f) 

Burra Burra crosscut. . 

34 

f 230+ (m )) 

1 190+ in) > 

120 

60 

120 

5 :00 

25 

United Verde Ext. 

24 

270-300 

O') 

90 

8 :00 

(p) 

Montreal crosscut 

33 

(ip 

320 

75 

223 

11 : 15 (r) 


(a) includes barring down, sclTing up, drilling, tearing down; (b) includes blowing holes, load¬ 
ing, firing, blowing sniokK, !ri inrludes moving in, mucking, moving out; (d) mucking during drill¬ 
ing; (<) 3 shifts, 6 drills lumbo-mounted, elec shovel; (/) aver with 6.5-ft rounds; (g) 37 ton per 
hr; (A) aver one month when 1 OSii ft w-eie driven, pulling 9.3-ft routids, 3 drills; (t) during drilling; 
O') included with drilling; (t) 2 rounds per day, (1) 2 shifts, 2 drills, vert column mounting, elec 
ecraper; (m) portal heading; (it) station heading; (p) 3 shifts, 6 drills carriage-mounted, aoraper; 
(g) 32 holes, 6.1-fi round; (r) track laying, lunch and delays, 57 min. 


3. SURFACE PLANT 

Aside from requirements for office, camp buildings, and power plant or transformer sta¬ 
tions, which vary widely with size and location of job, and time reiiuired for its completion, 
the usual surface plant comprises: air compressors, bit sharpeners (or detachable-bit grind¬ 
ers), heating furnaces, blacksmithing equipment, explosives magazine, ventilating fans or 
blowers, and car-dumping facilities. In some cases, a small machine and electrical shop may 
also be required for making repairs to cars, track switches, loading and haulage equipment; 
but where the tunnel is driven at an established mine, most or all of these facilities may be 
already available. 


4. DRILLING EQUIPMENT 

Drills and accessoriss. The old piston-drill has been superseded by faster drilling 
hammer-type machines, 'i'he use of hollow drill steel and wet drilling has become almost 
universal, and with growing understanding of the danger to health from dusty air, wet drill¬ 
ing is advocated under all conditions. Mounted drifters with 3, 3 i/z, or 4-in pistons are 
aommonly employed, the size depending to some extent upon hardness of rock and depth of 
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fiol«B^ Mounted jeokliainiDera of BmaUer piston diam are sometimes used in soft, eaeily 
driHed ground, and hand-held drills for vert holes in benches, where the heading-and-benoh 
ayifteih is. employed. Air pressures of 90 to 100 lb. are usual. Recently, standard makes of 
automatic-feed drills have come on the market and have found favor in numerous large 
tunnds. They are of two general typ^, those tiiat feed by vibration of the machine and 
those with pneumatic feed. Accessories comprise rubber air and water hose, line oilers, 
manifolds for connecting hose from several drills to the mains, and drill mountings. 

Drill Mountings comprise horiz bars and clamps, or vert columns with arms and damps, 
or drill carriages. If drilling and mucking are carried on simultaneously, the horiz bar is 
preferable, since it can be set up over the muck-pile as soon as the back has been trimmed of 
loose rook and made safe. With vert columns, some muck must be shoveled back from the 
face before the set-up can be made, involving loss of time and rehandling of part of the 
muck by hand. Vert set-up behind a muck-pile interferes with efiicient drilling; water 
from the drills dams up behind the muck and the hose must be carried over the pile and 
down to the drills. Horiz bar is sometimes preferred to carriage mounting, because muckers 
and drillers can work simultaneously. 




In the east portal of the Oaaoade tutinel, the superintendent was satisfied that he eould make 
better time with a bar than with a carriaae U). 0.5 hr was allowed after blasting to clear the head¬ 

ing, and 20 min were required to bar loose rock, during which time the bar, 4 drills and 100 steels 
were brought up and some mucking was done where dirt lay against tlic face. Finally the set-up was 
made, the entire preparations requiring about 1.5 hr. Drjilcrs stood on tlie muck pile. Mucking 
started with the “fly rock" and proceeded to the face. “By the time the shovel loader is close up and 
ready to dig into the last of the pile, the drillers have finished all but 5 or 7 bottom holes. .., We 
manage to pick up a round in the course of 48 hr by this work cycle. We count on 3 rounds a day and 
try to make or save enough time to gain an extra round every 2 days.*' While it is probable that 
extra speed can be gained with a bar, it is queationable whether as good direct costs can be secured ae 
with a carriage. 































TUNNELING 


Drill outitf • or “ Jtittibo'' has gained favor in recent yeara, Init ita use ia linited to clean 
aei^ps where it oan be right to the face. It usually runs on the tunnd track, but may 
be mounted on a oaten^iar orawler. It ia varioudy demgned and constructed, but oonaiate 
winnntinllr of the carriage proper upon which are mounted the eol\imna, bars, arms and 
drills, with individual air and water hoaes attached. Manifolds and line oilers may be 
mounted on the carriage 1) or carried on a tender 2). The manifolds are connected 

to the mains by large hose. Drill steel is carried on (be carriage or on a tender as the case 
may be. The tender in Fig 2 was used in the Ojuela tunnel (19) and in addition to carrying 
steel, air and water manifolds and a tool box, was equipped with a Coppus blower. Drill 
carriages permit a quick set-up, as the mounted machines, equipped for drilling, are run to 
the face with drill steel sort^ and conveniently racked. When drilling is finished, the 
equipment is readily and quickly removed. 

Drill steel. In American tunnels, hollow, 1 1 / 4 -in roimd, lugged-riiank steel is com¬ 
monly employed for 3 1/2 or 4-in drifter drills; 1-in quarter-octagon or 7/g.in octagon steel 
is often us^ with lighter machines in easy drilling ground, or for vert down holes in benches. 
Machines with anvil-block chucks and plain shanks without lugs are seldom used in the 
U S, but are standard in many Canadian mines. Steels are commonly made up in lengths 
for 24-in changes; sometimes for 18, 20, 30-in changes, with corresponding gage changes 
of ^/g, */i 8 , or ^/ 4 -in. Here the standard U S practice of using a starter of 2 1/2 or 2 */ 4 -in 
or even 3-in gage might be improved, for it has been found in some mines that deep holes 
can be drilled in hard, abrasive ground, with 1 ^/g or 1 s/ 4 -in starters and >-lit to >/ 32 -in gage 
changes for a 24-in run, by exercising proper care in forming, gaging and heat treatment of 
the steel. Drilling speed increases rapidly with decrease in size of hole, and with corre¬ 
sponding decreases in steel loss, air consumption and time required to complete the round. 
A cross bit with full reaming edges (that is, having all 12 points in the same circumference) 
has been successful; gage loss is usually less, whence gage changes and bit size can be 
smaller to finish with same diam of hole. Detachable bits have come into favor in recent 
years. For tunnel work their chief advantages are: perfect forming of each bit, uniformity 
of gage and uniform results of heat treatment, which are attainable in the factory to a 
degree rarely possible on any but large tunnel jobs, where the best equipment and expert 
steel sharpeners can be had. Capital investment for regrinding bits is considerably less 
than for sharjjening equipment and the amount of money tied up in steel is less. 


6. DRILLING 

Tunnels of the sizes under consideration are driven by carrying forward the full cross- 
section, or by heading and bench. In most long tunnels, drill rounds are fairly well stand¬ 
ardised for each job, although ground conditions sometimes change so frequently and 
abruptly that standardisation is impossible. The principle upon which standard rounds 
are based is the drilling of cut-holes, which, when blasted, will break out a wedge of rock, 
thus providing free faces to which relief and square-up holes will break, being timed to go 
slightiy later. It is axiomatic that if the cut-holes fail to break to bottom, the others will 
also fail to do so and a short round will result. 

Principal types of rounds are: The Y ob wedob-cut (Fig 3); ptramid-cut (Fig 4), 
which pulls a pyramid or cone-shaped block in tlie center of the face; the Micbigak 
OB "bu»iit’’-cx;t (Fig 5) which pulls a cylindrical core in the center; and the “swing” 
OB SLABBiNO-ccT (Fig 6). In the dbaw-cct, a variation of the wedge cut, boles are 
drilled at a steep angle to pull wedge W, Fig 7. The cut holes may be drilled steeply 
downward, as in Fig 7, to form a bottom-draw or “toe"-cut, or toward one side to fonn 
a side-draw cut. The bottom draw-c\it is used in narrow headings, with insufficient 
room to swing the drill at the angle required for a regular V- or pyramid-cut. The 
bumt-cut is used for tough, tight ground, and is especially applicable to small headings, 
where there is not room to swing the machines for drilling conventional cut holes. The 
two center boles (marked black in Fig 5) are drilled normal to the face, and are not 
loaded; they merely form lines of weakness for the surrounding out holes to break to 
and some space for the rock to expand into. The slabbing-round (Fig 6 ), as used in an 
8 by 12-ft heading, coi^eists of 28 holes in 4 rows of 7 holes each, one above the othei'; 3 or 
4 holes of each row at the right can be drilled from a single column set-up by using a long 
arm. The 4 shortest holes (4 ft) are blasted first, followed in succession by the 5 1/2 and 
6 Vs'ft holes, etc, each tier breaking in turn to the free face provided by the breaking of the 
preceding tier. The pyramid-out ordinarily comprises from 3 to 6 . holes, although 4 holee 
will break in most ground. Fig 8 shows a double pyramid-out in the Ojuela tunnel for 
pulling a long round; 4 short holes, 14-12 and 27-28, are blasted first, pulling a fallow 
pyramid or cone, followed by the long cuts 15-16 and lP-22, and then for enl argi ng toe 





6r€9 


two retfef %}1 m 13-11. In 4im dii^crom the ditdod nuteben ioittoete ordhr of 
at(d boxed fistnes 4^e number of cartridges of 40% gelatin dyiiamite'imed in average 
limeitoiie ibck. All holes spaced so that after the out had been fired no charge carried 



Fir 3. V>out Round. In trap rock, this round 

proved effective with 12-14 cartddKCs of 60% , , , 

gelatui dynamite in each cut hole. From 10 

to 12 cartridges of 60% special dynamite in Fig 4. P^amid-cut Round. Drill round used in 

other holes completes the cnarge. Advance by Colorado Itiver and in Copper Basin No 1 tunnels 

each round averaged 11-13 ft, using 13-ft was built around a p^amid cut, using 11.3-ft 

holes. Figures in diagram indicate order of holes. Circled figures indicate oartridges of 1 1/4 

firing eicotric. blasting caps. In easier ground, by S-in, 40'/o or 60% ammonia gelatin, and un- 

as sandstone, 2 easers and 2 side holes are not circled figures, the firing order. This typical 

used; tlie 60% special dynamite also is re- round could be ca.sily modified to conform to 

placed by 40% special dynamite. changing conditions. 



explanation of numerals at each hole, see note ' 

under Fig 4) Fig 6. *'Swing" or Slabbiag Hound 

more than 2.5-H of burden. Each t(H> machine on the carriage drilled 8 holes from two set¬ 
tings; each bottom machine,. 8 holes. Fig 9 shows a heading-and-bench round, with a 
vert V-cut in the heading and flat lifter holes in the bench, while Fig 10 shows one with 8 
I—T 
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v«rtV< 4 ntiatbelM|<&ngM»iiieMi)r'v«rt"|ducH«r*'IiK^iiithabeiioh. Tlie tptel nimi* 
bir of out, rtU^ anft.iiQU»F04ip ImIm r«q,uir«d for aqy typ» of rmoul obvioiuly yy»3«a ifitb 
tou gbn—f ot rOok, i|io position, number, and direction ^ fraotinre or bedding plaoiei, and 
with sise of heading^ With V- and psrnunid<<sut8, the cat hotes should be drilled to connect 
at bottom, espedally if blasting with fuse and cap. It is virtually impossible to cut fuse eo 
^t the several chatges will explode simultaneously, but if the holm connect or are very* 
close together tiie first charge to go will detonate the others. 



notation of flilne holes designated by 
Bumbci-s shown at colloi of boles 


Fig 7. Draw-out Round 



Fig 8. Double Pyramid-cut Round (Ojuela Tunnel) 


Drilling speed varies between wide limits, depending on “drillability” of rock, die of 
drill piston, air press, diam and depth of holes, amount and press of drilling water '^affecting 
the rapidity of removal of cuttings), and sharpness of bits. Drillability of rock, while larg^ 
a function of hardness or abranveness and toughness, may sometimes be infiuenoed more 
by fracture and bedding planes, stickMess of drill cuttings and preaence or abaence of vugs; 
that is, by homogeneity or its lack. TaUe 5 gives typical data on drilling speeds in a nuili« 
ber of tunnels. 





Table 5. Typical Drining Speeds in Tunnels 






































































































Fig 9. Heading-and-beneh Hound, using Flat Bench Holes. (Numbers indicate order of firing) 



Fig 10. Ileading-ond-bench Round, using Down-holes in Bench. (Numbers indicate order of firing) 

6. CHARGING AND BLASTING 

Charging. Eulea prescribed for transport, handling, and use of explosives should be 
observed, and primecs prepared as recommended by the explosives manufacturers. The 
approved methods of inserting the detonator in the cartridge (8ec 4) insure against its 
being accidentally pulled out when charging and prevent kinking the fuze and consequent 
breaks in the powder train, or abrasion of the insulation on leg wires The detondtor 
should lie in tlie axis of the cartridge and be pointed in the direction of bulk of charge. 
Before charging, holes are blown clean with compressed air. The cartridges are then 
pushed in, one at a -time, and pressed firmly with a wooden tamping liar. To insure filling 
the entire area of tlsc hole, the cartridges are often slit, so that the explosive will be pressed 
out against the walk of the hede. Care should be usod to avoid breaking the fuse or 
damaging leg wires. Explosive manufacturers usually advocate placing the prinm last 
(on top of charge), or next to last in the hole. Thwe is no accepted rule that gives beet 
results under all conditions. Thus in tunnel work, if the primers are near the top, the 
cut holes, which go first; soay out off the primers in one or mor^ relief or squaro«up holes, 
especially in seamy or schistose ground. If the prMers am at or near the b.'>ttoin, a cut¬ 
off hole will throw unexploded dynamite into the th^ muck pile. Table 6 gives data from 






Table 6. Blasting Data for Tunnels listed in Tables 1 to 4 
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a nunbMr of tnoMllli and indieaiM la eadk raw tii« iww f raeiaae •• io priiara pctfHioit 
Fttw or l«e-wirw are brought out along ono dde of the bole, iiolled atraUd>t but not tigbt, 
and the reet of the bole filled with etemmina (tampio^. Though eomelltem osdtted, 
■temmisg it advooated by all makers of ezplosivas; it Uuarases the work done, and bgr 
c onfining ^e explosive causes mc«e complete detonation and less fume. Paper tamping 
begs different in color from the explosive cartridges are in general use and are convenient. 
They are preferaUy fiUed with dry sand, fine rook screenings, ra day (see Seo 4}> 

Order of firing, with fuw bUsting, is controlled by cutting fuse in Afferent lengths, and 
to some extent by the order of “spitting"; with bunch blasting the order of firing ib detra- 
mined by the len^ of fvue only, sinoe all fuses are Q>it at almost the same instant. Blleo* 
trie detonators are especially effective for out holes, by insuring nmultaneous detonatiott 
of all the charges even though the bottoms of the holes do not connect, a result virtually 
impossible with fuse. Order of firing is usually: (1) outs, (2) rdievers, (3) breast, aide and 
top square-ups, and <4) lifters. The lifters go last to throw the muck sway from the face 
(Fig 3 to 10). 

Fuse vs eleetrk blasting. Elec detonators for tunnd rounds are now generally pre¬ 
ferred, and are advocated by the Bur of Mines for safety. With delay detonators, one clos¬ 
ing of the firing switch causes the holes to go in proper rotation, and since there are no men 
at the face when firing, the danger (with fuse) of overstaying the safe time limit is avoided. 
However, modem fuse is almost uniform in rate of burning, and the use of igniters or 
“spitter" fuses to give warning has greatly reduced this danger. Some operators consider 
fuse safer than electric blasting, contending that danger from stray currents is greater than 
the haxards with fuse. “Bunch Uasting’’ (32), as developed by the Anaconda Copper 
Mining Co, might be applied to tuxmel work with good results as to both timing and safely. 
In wet tunnelB good waterproofing of both fuse (or wires) and caps is essential. Here, 
dectrio blasting has a derided advantage, because of the difficulty of keeping fuse ends dry 
Burning fuse adds to the smoke, which must be cleared before recharging cut holes (if that 
be necessary), or preparing the remaining holes. Also, if fuse “side-spits,” due to imperfec¬ 
tions or abrasion of the tape while loading, the charges will explode by ignition instead of by 
detonation, reducing effectiveness and mcreasing the quantity of noxious fume (see Seo 4). 

Fixing. When blasting with fuse, there should be at least two men at the face and pre¬ 
cautions taken against leaving them in the dark. After all holee are charged, fusee are 
cut to the lengths for proper order of firing, and their ends sht to expose a short train of 
powdra for lighting. Carbide lamps are often used for lighting, but may be blown out by 
the “spit” of a fuse. Igniters, now on the market, or notched “fitter fuses” (Sec 4) are 
better, and are advantageous in warning the miner when his safe time is up. For suceese- 
ful electric firing oare must be taken in connecting leg wires together and to the leads; 
wires riiould be twisted together, not merely looped or hooked. Bare connections must be 
protected against short-circuiting, especially under wet or damp conditions, by bemg raised 
off the ground and preferably taped. With a blasting machine, the holes must be con¬ 
nected in series, but either series or parallel connection may be used when firing from a 
lighting or power rireuit. For a blasting machine, leg wires should be connected first, then 
connections made to the lead wires, and lastly, after everyone has retired from the face, the 
lead wires are connected to the machine. With power-circuit firing, connections are made 
in the same order, but a locked safety firing switch should be used, so that the power con¬ 
nection can not be made until the box is unlocked and opened. As an additional precau¬ 
tion, a second switch, kept open until ready to blast, may be placed across the leads be¬ 
tween firing switch and face, well back from the latter. The chief precautions in electric 
firing are to keep the detonators ahort-circuited until the moment of connecting them to the 
blasting circuit and to keep the lead wires short-circuited until they are connected to the 
eource of eunent. In some ground it is necessary to load and blast the cut holes, thmt 
return to the face and, if they have not broken to bottom, reload them and other holes, and 
Uast a second time. Although this involves waiting forjonoke from the first blast to dear, 
with loss of time if ventilation is poor, it may save time in the long run when the ground is 
such that the outs fail to bottom up. 

Misffrra result in lost or short rounds, loss of time for refiring, and haaards in drilfing 
and xaueking. Unexptoded powder in the bottom of a hole may be drilled into or, if in the 
muck pile, may be struck with a pick and exploded. After every round, znieaed holes and 
ittMaploded powder must be looked for. Various methods are advocated for dealittg with 
q^iraed holes. If elec firing has been used the lead wires should be dieoonneoted from the 
,S|gurra iff power, short-eiruuited and wound back out of the way. With fuse, men should 

reti^tfn to the face few at least one Iwlf hr, preferably longer. EEaving unoovwred the 
'jgiraed hole, many pi-efer to renun'e the straoming (a method condemned the Bureau of 
ItinM). exposing the top oartridge and then reblast with a fresh primer. If the stemming is 
akked out, great oare is neceraaiy and no metal tools are permissible. It is safer to blow 
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oat 12 m fcte nunio g with Miapi'aued air, or wash it oat with water, A ellGi lafar, but moro 
tisuHxuiMU&jiiiK method, is to diiU and blaet a parallel hole (doit to detonate the 

m i a h l d Tmjk' taldlaK eare not to drill into the latter. 

7. MUC^G EQUIPISENT 

Hand bauoking requiree no spedal oonunent. Some hand work is neoessaiy eivea with 
mechanical loading, for cleaning up, handling fly rook, and, where drilling and mucking go 
on dmultaneoudy, shoveling back from the set-up. Mechanical loading depends for ita 
success upon continuous operation during the mucking period. Mechanical loaden are of 
2 kinds: drag scrapers and shoveling machines. See Sec 27 for detiils. 

Serapers. Scraping equipment for tunnel headings comprises a double-drum elec or 
comp-4ur hoist, mounted on a movable tiide; a scraper of the hoe, semi-hoe, or box type; 
pull and tail ropes; tail sheaves, end a scraper slide, or ramp. The latter is mobile and is 
usually on trucks running on the mine track, but can be mounted on a caterpillar crawler. 
Fig 11 showB'a common type of slide with hoist mounted on top. For low headings, the 
elide may be built with the hoist mounted underneath the ramp. The loading b(x>m 
extends back over the car and has an opening in the bottom throu^ which the rock falls. 
Fig 12 shows a loading unit used at the Montreal mine, Wis (33). The slide and boom are 
mounted on 2 large can, coupled to a locomotive tender on which is mounted the slusher 
hoist. When the cars are filled, the entire unit moves under its own power to the dump. 
The use of 2 large cars, together holding 380 cu ft, minimises loading delays due to waiting 
for oars. The usual types of scrapers, many of which are suited to tunnel work, are illus-. 
trated and described in Sec 27. Their advantages are: flexibility, low first cost, and small 
power consumption (especially if the hoist is elec driven). Aride from labor, rope renewals 
are the largest single item of expense. Scrapers usually show no direct cost saving over 
hand loading in tunnels of leas than 7 by 7 or 8 by 8-ft cross-sec. 

Shovel loaders in a number of successful types are on. the market, ranging from low 
machines suited to tunnels of moderate height, to converted power-shovels, like thorn for 
surface excavation. They are usually mounted on wheeled trucks and run on the tunnel 
track, but may be mounted on crawlers. Among these, the Conway shovel (Sec 27), 
which requires little headroom, is especially suited to mine tiumeis of large cross-sec. A 
machine of this type requires tractive effort to force the dipper into the muck pile, and the 
dipper loads onto a short conveyer extending back over the car. For smaller headings, small 
shovel-type loaders are popular; that shown in Fig 13 uses traction to force the dipper 
into the pile; it is close-coupled to a mine car, into which the dipper discharges. For head¬ 
ings larger than about 9 or 10 by 12 ft, the larger loaders compete with scraper and slide. 

8. MUCKING OPERATIONS 

Hand shoveling. With modem high-speed driUs, rounds can be completed in less time 
than they can be mucked by hand, hence, the depth of round that can be pulled econ¬ 
omically is often limited by the rate at which muck can be removed. In 3-ahift work, 
mucking must be finished when the drillers are ready to lower the bar for drilling the lifters, 
else they may be unable to complete the round by the end of the shift. With 2 shifts, drill¬ 
ing and mucking on both, there is some leeway and the muckers can start an hour or two 
before the drillers. But, if the rounds are too deep, more than 1 shift may be needed for 
mucking, involving ovei^me and increasing cost. With hand-mucking, shallow rounds 
are often found to give max rate of advance. Thus, at the Kerber Creek (Rawley) Tunnel 
(12), max progress with two 8-hr shifts, drilling 8-ft roun^, was 414 ft in a month, or 15.5 
ft per day. In good drilling ground 2 rounds of 4.5 to 5.5 ft could be made in 1 shift, giv¬ 
ing an advance of 18 to 22 ft per day. “Mucking by this method would be much facili¬ 
tated, because fully 25% more could be landed on the muck-plates, and, if necessary, a 
third riiift of muckers could be used." The number of muckers that can work around a 
car is limited; if too many, they interfere with one another. Analyses at a number of tun¬ 
nels show that a shovelor requires a 2^ /s to 3-ft width of floor space, so that in a 10-ft tunnel 
there should not be more than 4 riiovelers; in a 6-ft tunnel, only 2 shovelers. For speed 
work, extra muckers may be required to relieve one another. Their time need not be lost, 
since, when not actually shoveling, they can switch and han(Ue cars, pick down the muck 
pile, etc, the change in working position affording physical relief. 

In the Laramie-Pdudre tunnel (18), 8 muckers worked as follows: . 

When oat 1 was filled, 2 shovriets (A and B) took it to the rear, while 2 others (C, D) took empty 
ear 2, previously thrown on its sids off the track, set it on the track and pushed it into positira for 
loading. Meantime the remaining men (S, F) stopped picking down the rock pile, took the Moveis 
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left by A B end essieted C and D in fillinK oar 2. Car 3 wae then faronid^t up by A and B eiooe 
to aSiem oar 3 wao being fflied, and waa thrown on ita aide in tite po^en foraarly ooeupied by mr 2. 
A a|id lb tben pioked for the other 4'inen, while oar 2 waa being loaded. When filled, ear 2 waa 
removed by C and D, while E and F aet up the third ear and loaded it with help of A and B. A 
fourth empty oar waa meanwhile brought up by C and D, who then took thdr turn at picking. 
The oyoie waa oompleted when E and F took the third loaded car to the rear, brought back an empty 
and reeu'med thw original poeition on the muck pile. Thus, each man apent two-thirda of the time 
in tramming or picking muck, either of which ia eaaier than loading, and relierea the monotony of 
ahoveling. In thia methodical procedure there ia no loat motion. Cara of 16-ou ft oapacity were 
^ed in an aver of 3 or 4 min. At the Rawley tunnd (12) where a aimilar syatem waa used with 
4 ahovelen, 25 17*cu ft cara were loaded in 2 far; in another eaae, 20 oara in 1.75 hr, including al* 
ddaya in making up traina. 



Fig 12. Srraper-loading Unit, Montreal Mine, Wia 



Fig 13. Shovel-type Loader Close-coupled to Mine Car for Small Ileadinga 


Mechanical loading ia not well adapted for drilling and mucking aimultaneously, 
although with small dipper loaders this may be done as at the B. C. Nickel Co’s tunnel (3). 
The routine for driWng the long Eureka crosscut at the Burra-Burra mine, Ducktown, 
Teim, is typical. The crosscut is in schist and graywacke, 8 by 8 ft in section. As a speed, 
of 500 ft per month was all that was required to reach the objective on the desired date, 
only 2 shifts were worked, as follows (34): 

A scruper operated by a double-drum, 25-hp elec hoist waa mounted on a portable frame of mine- 
track gage, utKin wltich was supported a steel incline for loading into 4-ton ears, spotted by a cable- 
red locomotive. Sidings for empty cars were kept within 700 ft of the face. The few minutes 
needed for switohing cars caused no delay, as this time was employed in preparing the muck pile 
for easy loading. The drill crew began at 7 a m, and, with a clean set-up, started drilling with two 
144-lb drifters mounted on columns. At 9 a m the round was* about finished, and was usually shot 
and smoke blown out by 10 o’clock. As the ground broke well, the entire heading was generally shot in 
one operation. The mucking crew, conung on at 9, oiled and overhauled the equipment, to be ready 
by 10 o'clock to licgin mucking. While mucking out, the drillers overhauled their equipment, sent 
out dull steel, brought in and sorted fresh steel, and took a short rest period. Mucking was usually 
done by noon, and a second round drilled and shot bv 3 p m. sTwo shifts each of drillers and muck¬ 
ers completed 4 rounds, making an aver advance of 18 ft per day of aliout 20 hrs. Each, drill crew 
consisted of 2 drill runners (one acting as sliift leader), 2 drill helpers, and 1 steel nipper. The 
nipper helped the muckers on his shift, besides keeping the drillers supplied with steel. The muck¬ 
ing crew comprised a hoist man, helper at the face, and motorman who spotted and changed 
cars, hauling and dumping the loaded cars, while the drillers were at work. A foreman had charge 
of both shifts. The job waa organised on ba.<iiB of 2 high-pressure work periods for each crew, with 
an intervening period of rest. For completing two rounds per shift, wages were: shift leaders, 
18.16; drillers, 37,16; scraper man, 37.16; drill .helpers, 36,16; steel nipper, 35.16; scraper helper, 
35.16; motorman, 34.08. Except the motorman’s wage, these rates were 40 to 90% above the 
standard. If the 2 rounds were not completed, the men received only the regular daily rate. 

The 4 l(X)-ft haulage tunnel at the Britannia mine (2) is 10 X 12 ft. Low coat waa 
more imiKjrtant than speed, the aim being to attain max efBc with small crews. The head¬ 
ing erew per shift comprised 1 shift boss, 4 miners, 2 muckers, 1 motorman and 1 brakeman; 
also 1 trackman and helper and 1 ditchman on day shift, and 1 steel sharpener and helper. 
The cyde of operations was as follows: 
























6—18 


TUNNELINQ 


Aft«r Maating, 2 Ubien bar down, 2 rig equipmant for drUting holea tot "Lewia iradges/' 2 
maakara alaan out for &a aeraper alida. and tha train oraw bring in cara and alide. A hole ia drilled 
in aaah wall at the face, wadgea are driven in, a ehain ia atratahad aaroBa, oir witiah the tadl aheave ia 
hung; tha mucking mahhina ia meanwhile damped to tha raila and oonnactad to the 440>volt 3- 
pbaaa a o power line, and mucking bcgina. While a 120>cu ft or 6>ton car ia being filled the train craw 
hang an empty on the ear awitcher, the fvill ear ia pulled back, and tha empty dropped on the raila 
and puahed to the mucker. Filling care nveragaa 8 to 4 min, and awitohing 1 to 3 min, according 
to diatanea. The oar awitcher ia moved utp about every 500 It. One aide of heading ia aoraped out 
first; when the tail aheave ia switched to the other aide, 2 or 3 men dean up along Ore wall with 
ahovela and hand acrapera. The permanent rail is kept 30 ft from the face, so t^t the scraper can dig 
to bottom of the ties over the whole area. 

After mucking is completed, a light rail extension ia laid, over which the drill carriage is run to 
the face and set up, the staying is erected, and drilling begins. Some aide holea and roUevera can 
be driUed as well from one machine as smother; the order of drilling being such that theee holes 
are drOled last. If one machine gets into trouble, another can take an extra hole and save delay. 
While drilling ia in ptogrosg, 1 man cuts ptowder and prepares primers; 2 men blow out the holes 
while the drill carriage is Ijcing taken out; the round is loaded, the blasting drouit tested, and the 
connecting wires strung o ut; holes connected in series. 

A drainage ditch, 3 fb wide and 3 ft bnlow bottom of ties, is carried with the heading. For this 
Ue necessary idugging itnd blasting are done while drilling is in progress in the face, and muokittg 
is done by hand at all plants of the cycle. The ground ranges from very hard and blocky to very soft 
and highly schistose. Uard ground is oftrn wet, and at times water pressure is so great that plugs 
most be driven into tb e holes to keep the powder from being forced out. Drilling time ranges from 
11/4 to 51/3 hr, but 2 t>3 21/2 hr is iisually sufiieient. Timbering was necessary in one place only for 
about 40 ft. 

Aver advance is one 6-ft round per shift, which can be maintained in any but the hardest ground. 
Total cost of this work to the present time has been fffiS.SS per ft, including a proper proportion of 
all constructional und equipment expenses, such as purchase and installation of compressor, erec¬ 
tion of sted shop, etc, and of capital charges necessary to equip the completed tunnid with 100-ib 
track and trolley wire for haulage of ore. 


With elioy'dl loading the routine is similar to that with scrapers, as shown by the follow¬ 
ing examples. 

1. Ojuela Tunnel (18). Mucking was done by an air-operatod Nordberg-Butler under¬ 
ground shovel, Model 109, which loaded into 40-cu ft cars. The cycle of operations was: 

Beginnhug with s clean set-up, the power shovel was pulled back to the passing switch and the 
drill carriage puahed to the face. Each of the 4 machines drilled a preeoribed number of holes. Dur¬ 
ing drilling the shovel runner overhauled and oiled the sbovul and the track crew cleaned up along 
tha aide to prepare for laying track and pipe. When drilling was completed, the motor pulled the drill 
carriage back to the portable turnout and the round was blasted. After waiting 10 min after the 
last ebot, about 1 000 ft back from the face, the entire crew cleaned up the track to the point at which 
the muck pile was about 1 ft high. The shovel followed the crew and necessary connections were 
made when the muck pile was reached. Three men pushed one 40-cu ft cetr from a group of 0 empties 
from the portable turnout switch to the shovel, after which another empty was placed on the passing 
switch to be exchanged aa eoon as the first was filled. Loaded oars were returned to the loaded side of 
the portable turnout, and the train hauled out. Empties were kept on opposite side of the switch. 



port&laliwYtS 

-Never more than 150 ft 

Fig 14. Movable Switohee and Passing Track, Ojuela Tunnel 


Considerable time was saved by keeping the passing switch (Fig 14} within 150 ft of the face; 
when the distance between the turnout and passing switches became so great that an empty could 
not bo returned white the mechanical shovel was filling a oar, the turnout switch was moved ahead. 
Whilo loading was in progress, one machine man and the drill-oarriage boss inspected the drills, 
replaced dull with sharp steel, filled the oilers and prepared for drilling the next round. The table 
shows time consumed in the various operations. 


Hr : min 


Aver Best 


Taking drill oarriage to face 

and setting up. 

Total drilUng time. 

Tsaisng down, blowing, obarg- 

ing, blasting. 

Waiting tar smoke. 


Hr : min 
Aver Best 


Cleaning up ahead of shovel. 0:15 0 : 07 

Loading: (avw of 20 cars O 40 cu 

ft per round). 2 :00 I : 45 

Inter^, end of loading to start of 

oattingup. 0:15 0:07 

Total time. 5 : 37 3 : 39 


0 : 30 

0 : 15 

1 :50 

0 :55 

0 :35 

0 :25 

0 : 12 

0 :05 
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2. Owyliee Tuxmel No 5 (10). General procedure was as follows: tlie Uower ezhsiuited 
powder smoke from the face for 10 min aver; it was then reversed, blowing in fresh air. A 
train of 81-ou ft cars, with mucking machine at head end and looomotivi) at rear, proceeded 
from nearest passing track to the face; the shovel (ConWay, Type 50) started loading on 
reaching the first fly-dirt and continued until the face was clean. 3 miners and helpers ^en 
rigged up 3 machines on a horis bar, and, working from a staging, put in the uppw holes; 
one miner and helper, drilling from a horis bar, put in the lifters) the drilUng completed, 
the miners tore down and blew out the holes. The holes were wired by the diift boss or 
powder man, and fired with delays from a switch, the compressor-house attendant reversing 
the blower on hearing the shots. Aver time for each operation during 3 good months, 
3 283 ft being driven in 212 shifts, 15 shifts of which were devoted to timbering, was: 
ventilating, 10 min; shoveling, 1 hr 18 min; setting up, 31 min; drilling, 1 hr 19 min; 
tearing down, blowing holes, loading and blasting, 1/2 hr; total time, complete round, 3 hr 
48 min. Per round: ft advance, 7.82; no of holes, 19.2; ft drilled, 172; no of cars, 16.9; 
lb powder, 146.6 (18.6 per ft advance). Per shift; rounds, 2.12; ft advance, 16.6. Depth 
of holes, 9 ft. 

Table 7, Mucking Rates in Various Tunnels 


Tumid 


Big Creek No 3. 

Britannia Exl.. 
B. C. Nickel... 

CoBcade Pioneer 

Chicago Ave... 
Colorado River. 
Copper Baein.. 

Eureka. 

Mammoth. 

MoiTat No 5... 
New Haven.... 

Ojuela,. 

Owyhee. 

Sheep Creek .. 


Bib 

No 


1 

2 

3 

4 

5 
7 

7 

8 

14 

15 

16 
18 
19 
21 


Mucking 

equipment 


( Morion 1 
No 20(c) j 
Bcrapcr (e) 
Butler (c) 

( Myers- ] 
I Whaley (e)) 
scraper (e) 
Conway (e) 
Conway (e) 
scraper (e) 
band 

Conway (e) 
Conway (c) 
Butler (c) 
Conway (e) 
hand 


Aver cu ft pta* round 

Muckins, 
aver time 
per round 

Cor capac, 
cu ft 

Aver loading 
time per oar, 
mia 

Solid 

measure 

Car 

moosuro 

Hr : min 



(6) 

108 

• a e 

28 



120 

3-4 

20 

■muM 

3 :30 

25 

• a • 

26 

MNM 


54 

a a s 

90 

220 


‘27 

'V 

70+ 

110-120 

2 : 30 

54 and 135 


100 


4 :48 

135 


18-29 

38 

1 :45 

60 

* a • « 

540 


6 :30 

14 

«.7(d) 

22 

38 

1 :56 

54 

1.9 

32 

70 

5 :00 

48 


23 

30 

2 4 30 

40 

3^4 

27 

51 

1 : 18 

81 

1.5-2 

12 


4 :05 

30 

if) 


(a) Two 8-ft heading rounds and one 18-ft bench round. (6) 8-10 hr, including preparation and 
_-Oving out. (c) Comp-air drive, (d) 3 men shoveling, 1 tramming, (e) Elec drive. (/) 10-12 
ton per hr, 4 muckers shoveling, 2 resting. 


9. TRAMMING AND HAULAGE 

Mucking by hand. Any delay in trtimming or prompt replacement of loaded with empty 
cars affects mucking efficiency and may upset the entire cycle of operations. There are 
various methods for minimising the time required to handle the cars. Due to the extra 
effort for hand shoveling into high cars, or throwing muck to the back of long ones, email 
light cars are usually preferable, although they involve more shifting per yd handled. Light 
oars are changed quickly, as empties can simply be tipped off the track, to allow loaded 
ears to pass, and replaced for pushing them to Hie facet Another method for light cars ia 
to use a ‘‘slick-sheet," beside the track and close to the face, on which an empty is kept 
always ready. When a car is loaded, it is puslied past the slick-sheet, an empty brought to 
the face, and another empty placed oh ihe sheet. At*the Sheep Creek tunnel (21) the slick- 
sheet was never more than 50 ft from the face; another sheet, a few hundred ft farther 
back, held a train of empties. The loaded cars were run back past the empties, made up 
into a train and hauled out. The empties wrere then run singly to the sheet at the face. 
As the sheets were sot at same height as top of the rail, oars had only to be lifted the height 
of the flange. 

Mechanical loa^ng has brought about the use of larger cars, which are loaded by ma- 
ohine as quickly as small cars by hand. To reduce switching delays, thus increasing actual 
loading time, special methods and equipment have been developed. The commonest are 
movable switches and passing track, and the crane car-lift (“cherry picker"). Fig 14 shows 
switches and tracks in the Ojuela tunnel (18); for details of car changing routine, see Art 8. 
Fig 15 shows a form of “cherry picker" employed in the Wachusett-Coldbrook tunnels (35), 
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It iiaa air-lift hoistitroveUng on a tranaverM beam or bar near roof of toond. Anemplgr 
car ia raiaed by the hoiat, trancderred to one aide, the loaded oar awitehed back, and the 
empty then returned to the track ahead of the train and pushed ^ongaide the loader. 'Pnu, 
for each oar awitohed, the train moves its complete train length, backward and forward: 
plus any diatonoe greater than normal between the cherry picker and the face; ];dus the 
working clearance for car and shovel at the face. Time studies at the Moffat tunnel, where 
a cherry picker and 5&k:u ft cars were used, showed that actual loading consumed 28% of 
total loading time, and switching 24%. At the Owyhee tunnels (19) with same equipment, 
except that cars were of 81 cu ft oapac, the number of cars to be switched was r^uMd by 
60%, thus saving 13 to 16 minutes per round. When loading by scraper and slide, a large 
car can be used, although its heied>t must be limited to allow room for the loading boom 
above it and clearance for the scraper as it passes over the boom. Fig 12 shows the equip¬ 
ment devised at a Wisconsin mine (33), where 2 oars 
(190 cu ft each) and a locomotive comprise a loading 
and haulage unit. With this, an aver round of 6.1 ft 
in a 9 X 14-ft crosscut was mucked out in 3 hr 9 min 
aver. The entire unit goes out to the dump, 3 or 4 
trips being required to clean up a round. Ol^r de¬ 
vices for saving time in switching are the “grasshop¬ 
per” and the conveyer (Sec 27). ^he former, appli¬ 
cable only to a high tunnel, consists of a steel frame 
straddling the tunnel track and traveling on a wide- 
gage track. A hinged ramp at each end is lowered to 
permit running a string of empty cars on and off the 
deck of theVrame which is high enough to allow cars 
to pass through under it. The empties are pulled up 
the rear ramp by an air hoist, and lowered sinfdy on 
the front ramp, as required by the loader. The con¬ 
veyer may be used where headroom is less; it consists 
Fig IS. “Cherry Picker” of a belt mounted on a framework straddling the 

tunnel track. The mucking machine loads through 
a hopper onto the conveyer, which is long enough to cover a string of cars. Table 7 
gives data on tramming and haulage time, which are virtually the same as mucking time, 
the operations being concurrent. 

Type of car used will depend largely upon dumping facilities. Solid-body cars may be 
of large capac, yet low. Th«r first cost and repair costs are comparatively small, and spill¬ 
age along the track is a minimum, due to the absence of doors around which leakage may 
occur. These cars require a rotary dump, and involve rehandling the muck in another car 
or skip for final disposition; the extra cost of plant may not be warranted. Granby-type 
cars (Sec 11) have certain advantages, especially for fast dumping, but require a fixed 
dumping ramp. In most tunnel jobs the muck is spread over a considerable area near the 
portal, simply by fanning out the pile, and for this side-dump cars are ideal, although they 
may be too high for easy hand loading, and even for mechanical loading if the tunnel head- 
room is small. Gable- or rocker-bottom cars are commonly employed in the smaller tun¬ 
nels. (For different types of cars, see Sec 11.) 

Haulage is usually by locomotives, which are also used for switching at the face and fur 
moving drill carriages, mucking plant, timber, and supplies. Storage-battery locomotives 
are ideal for short hauls, and have the advantage of eliminating trolley wires, especially 
important at and near the tunnel face. Combination trolley-battery locos, often used in 
long tunnels, run on the batteries for spotting and switching care near the face, and operate 
as trolley locos for the long haul out to the dump. Cable-reel trolley locos are employed 
similarly. On some jobs a small battery-loco is used at the face for spotting and switching, 
and a separate trolley-loco for the long hauls. 

10. VENTILATION (see Sec 14) 

Adequate ventilation is a requisite for rapid and economical tunnel driving and to pro¬ 
tect workmen agains^ dust and gas hazards. In tuimel work it usually implies mechanical 
ventilaticm, for prompt removal of gases after blasting and supplying fresh air at the face. 
Good vraitilation is required during drilling and mucking, for diluting and sweeping out 
harmfvd dusts; under high-t.nmp conditions, for immediate physical relief of the men; curd, 
under explosive-gas conditions, for diluting and removing gas. 

£>Uiini drilling, or the operation of air-driven shovels or scrapers, exhaust air affords 
eomd venation and cooling effect. Just before firing around, the comp-air line is usually 
<g»elMd to blow against the face, diluting the powder gases and gradually moving them back 
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from ibe face. At velooitieB up to about 30 ft per mia, the gaMS more back as a cloud; 
higher yelodtiee result in churning and dilution, without materially hastening Ibis move* 
meat. Removal is therefore very slow unless a blower or fan is installed at the tunnel por¬ 
tal; it is connected to a pipeline which is suspended in an upper corner of the tunnel and 
extends as close to ^e face as possible without danger of its being injured by Uasting. 

Sowing vs exhaust systems. The relative merits of continuous blowing, continuous 
exhausting, and blowing followed by exhausting, are still debated. Local conditions may 
influence results obtain^ by different methods. Data in Table 3 indicate a majority pref¬ 
erence for the exhaust system. Arguments for and against may be summarised as follows. 
With blowing only, the gases are churned about at the face, but are eventually caught in an 
outgoing current of air through the tunnel. Thus even if they are quickly removed from the 
face, men returning to work must pass through a gassy sone unless they wait long enough 
for the gas to discharge at the portal. The ventilating pipe can not bo carried close to the 
face, because of flying rook from the blast; but, when blowing, flexible tubjng can be at¬ 
tached to the pipe to carry air to the face, and is quickly rolled back a safe distance before 
the blast. While with non-oollapsible tubing the same practice is possible when exhaust¬ 
ing, it is seldom attempted. Blowing at the face causes a rapid cooling effect on the men; 
whercM, when exhausting, movement of air at the face is hardly felt, although the volume 
of fresh air may be the same. With straight exhaust, the movement of fresh air from the 
portal is usually along the floor near the face, thence upward, and out through the venti¬ 
lating pipe. Due to the necessary distance from end of the pipe to face, the gas may take 
some time to reach the pull of the exhaust; but, when caught, it is immediately sucked out 
of the pipe, and the tunnel is clear to the portal, so that men can return to the face in fresh. 
air. During drilling and mucking, blowing dilutes concentrations of dust (or strata gases, 
like methane), and sweeps titem from the face, whereas exhausting often fails to reach the 
greatest concentrations. When drilling, the drill exhaust aids somewhat in driviri the dust 
back to the ventilating pipe. 

In general, it would appear that max results can be obtained under normal temperature 
conditions by the following sequence: (1) blow from compressed-air line at the face during 
and immediately after blasting, thus driving the gases back to the end of the exhaust pipe, 
whence they are drawn out; (2) as soon as gases are removed by the fan or blower at the 
portal, extend flexible tubing to near the face and reverse the current, blowing fresh air in; 
(3) continue blowing during mucking and drilling. On some jobs the system is operated 
blowiTig for 10 or 15 min following the blast, supplementing the effect of the compressed 
air jet. and is then reversed, operating exhauating during the rest of the cycle. Under high- 
temp or explosive-gas conditions, continuously blowing systems are preferable. 

Blowers. The bigh-pressure meebanioal ventilation required for long tunnels may be produced 
by positivc-pre^ure blowers, low-pressure centrifugal or propeller fans installed in series, or centrif¬ 
ugal compressors (see Sec 14). Tunnel contractors usually prefer positive-pressure blowers, although 
some centrifugal compressors have been employed in recent years. 

11. TUNNEL SUPPORT 

Support for the tunnel roof and sides may be required while driving. If it must be kept 
close to the face, the rate of advance is 
retarded, and the cycles of operation 
already outlined may have to be changed 
to include a timbering period. Placing 
timbers after blasting each round may 
require as much or more time than drilling 
or mucking. Some ground stands well 
when freshly broken, though after con¬ 
tinued exposure it may slack, crack or 
slab off. ’ In such cases the placing of 
supports may safely lag some distance 
behind the face, causing little if any 
hindrance to driving operations. Tem¬ 
porary timbering is often used during 
driving and replaced later by permanent 
supports or lining. Permanent supports 
are of timber, stmctural steel, or con¬ 
crete; brick or masonry was often used in 
the eariier R R tunned Concrete may 
be poured around forms, where a strong 

lini^ is needed to support heavy broken ground; or, where there is no great weight 
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•ad it is only neoessary to prevent air>8lae]dag, • thin layer of “gonite** snffioea. For 
I>ennanent support, timber should be well seasoned and treated wi^ preservative. It is 
easily framed on the job and quickly erected without use of special tools or equipment. 
For temporary support, in local stretches of bad ground while advancing the heading, 

timbers are readily out and framed to suit 
requirements. 

Timber seta comprise several timbers 
forming a framework across the tunnel sec¬ 
tion. The commonest form for narrow 
tunnels is the 3-piece set, consisting of a cap 
and two posts. Fig 16 shows a typical 
3-piece set, with posts battered to resist 
side pressure. Fig 17 is a set used in the 
Park-Utah drainage tunnel, where a water 
ditch of large capacity was required (36). 
Posts may be dapped into the ends of the 
cap, or held apart at the top by a ‘‘scab’’ 
piece spiked to tinder side of the cap. 'Col¬ 
lar and toe braces between adjoining sets 
resist longitudinal movement of the sets. 
The batter of the posts is 1 to 1.5 in per 
ft, which is usually sufficient to prevent the 
bottoms of the posts from pushing inward 
unless side pressure is excessive and the 
bottom soft. The set in Fig 18 has “battw 
blocks” to prevent displacement of the 
posts by swelling ground. The back of the 
tunnel often stands better if arched (Fig 3 
Fig 17. Drainage Tunnel Set and 4), especially in wide headings. Simi- 

with Ditch under Track larly, arched sets (Fig 19) are customary 

in wide tunnels. Where only the back 
requires support and the walls are strong, posts may be omitted and the arch timbers set 
in bitches cut at the break-line of the arch (Fig 20). In swelling ground, where the bottom 
tends to heave, an inverted arch set (Fig 21) may be used. Size of timbers and inter¬ 
val between sets depmid upon size of tunnel, and pressures to be withstood. The back 
and walls between sets may or 
may not require support by lag¬ 
ging. Swelling ground should 
not be dose-lagged, but spaces 
left between adjacent pieces of 
lagging, through which pressure 
can be relieved. 

Routine and speed of timber¬ 
ing depend largely on how close 
the timbering must be kept be¬ 
hind the face. If each round of 
advance must lie supported at 
once, timbering becomes a part 
of the driving cycle. The first 
step after blasting is to scale the 
back; and, in loose ground, to 
hold the back ahead of the last 
set by forepoling, sliding booms 
(Fig 22) or similar means, to 
protect men while mucking. 

After the round is mucked, the 
new set is erected, blocked in 
place and lagged if necessary, 
and the drills are set up for the 
next round. This procedure ol> 
viously slows the rate of advance, Fig 18. Set with Batter-blocka in Swelling Ground 

but ttiiless the ground is very bad, 

requiring spiling or other special methods, timbers can be standardised and a regular rou¬ 
tine followed. Speed is gained by having all materials and supplies at the face before work 
btifing; timber for a complete set, blocks, wedges, lagging and totds, ahould baxnight in 
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withtheerair. Wh«rethetimberi]igUgBaooninderablediituieebdi]iidtii«fM«,a«peoial 

timber,crew is usually employed. TVltb suitable scaffolding, voric can proceed without 
intaffetfing with driving opwations. A 
movable scaf^d, with a working deck 
00 veral sets long and high enoui^ to allow 
the tunnel cars to pass under it, may be 
advantageous. 

In the Cleiemont tunnel (37), eequenoe of 
operations was: (1) ezoavation and timbering, 
interrupted from time to time to construct the 
ooncrete Invert; (2) ptaeiag forms and pouring 
the oonoreta arch. Tunnel sets were 5<pieoe 
(arch), with 8-lt posts and were 4, fi or 6 ft 
apart, depending on the ground. Timbers were 
8 by 8 in, later changed to 8 by 12 in. Drilling 
and bloating averaged 2iya hr; mucking, with a 
Conway machine, 3 hr. After blasting, the 
top lagging boards ware driven forward and 
mucking was started. After oleuring out the 
face the timber set wae erected and blocked in 
place, side lagging being placed where necessary. 

Advance per round, 4 to 8 ft and 24 ft total 

advance was often made in a day. About 6.5 Fig 19, Arch Tunnel Set 

hr were required for drilling, blasting and 

mucking, leaving some 2.8 hr for timbering; thus it was possible to complete a round and timber it 
in an 8-hr shift. However, timbering close to the face usually precludes completing two rounds 
per shift, though it may not do so where the ground is not bad and the work ia highly systematised. 



Fig 20. Arch Set without Posts Fig 21. Inverted Arch Set for Swelling Ground 



Kg 22. sn«^^n g Boom for holding the Back ahead of Laat Set] 
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In tiu B. C. Nifektf tunnel, where little tunbering wm reauired, the timbert were eet by the 
mnokeie under direolion of the Ailt boae while the maohinemen were drilling the lifters. At the Big 
Creek tunnd (1) it id stated that "bad sections of ground were timbered ae broken, which threw the 
eyele out of gear and cut down progress." Much of the Rawley tunnel (12) had to bp timbered dur¬ 
ing S^t and Oot, 1912, when the advance was 390 and 183.fi ft, respectively: during June, July and 
Aug, when little timbering was required, the advance was reapeotivdy 488, US and 421 ft. 

Concrete lining ia now used in many tunnels, especially aqueducts, designed for long 
life, irrespeetiye of immediate need for support; in the course of time many rocks disin- 
tegnte to some extent and some slabbing occurs if they are not sealed off. In most mine 
tunnels and some others which have to be timbered during driving, the concrete is poured 
around the timbers without disturbing them, the tunnel having been driven oversise, to 
leave the desired dear section inside the timbers. Sometimes 2 or 3 in of concrete over the 
face of the timbers is considered sufficient, the thickness of course being much greater be¬ 
tween the sets. 

In' the Colorado River aqueduct a &-in thickness of concrete was maintained inside 
timbers (Fig 236), Fig 23a iffiows the lining in untimbered sections of this tunnel and Fig 



a-XXnUmbered aecflon fi-Tlmbereupportod secUoa C-Steel-ilned secUoa 


Fig 23. Typical Sections of Concrete Tunnel Lining, Colorado River Aqueduct 

a 

23e, a steel-lined section. Concrete is placed in separate sections after excavation has been 
completed. The curbs A (Fig 24) are poured first, then the arch B and last the invert C (7). 
“The forma used in placing the arch lining are made in 30-ft lengths and constructed so 
they may easily be collapsed on a carriage to such dimensions that they may pass under 
other forms in place in the tunnel. . . . The carriage is equipped with hydraulic jocks, used 

to expand the forms into position, where they 
are braced and held between the curbs by screw 
jacks placed between the forms and the haulage 
track. . . . About 8 30-ft sections are required 
at each concrete pouring operation. The batches 
are proportioned by weight in quantities of 1 cu 
yd each, at batching plants outside the tunnel, 
placed in specially designed batch cars and 
pushed into the tunnel and up to the mixer by 
a locomotive. . . . The mix is dumped from the 
cylinder into an ingenious pump, which forces 
the concrete thi'ouf^ an S-in pipe-line up over 
the tops of the forms to the advancing arch of 
fresh concrete. . . . Another method is to wet- 
mix the concrete outside the tunnel and trans¬ 
port it to the placing machine inside in batch 
buckets carried on special cars. These buckets 
are elevated by an mr hoist and dumped into 
the cylinder of the placing gun. The cylinder is 
then closed and compressed air introduced at a 

Fig 24. Order of Concreting, Colorado pressure of 80-125 lb per sq in-As much 

River Aqueduct as 735 cu yd have been placed in one tunnd 

in one day. In a month of 27 working days, 
14 400 eu yd of concrete were placed; an aver of 635 cu yd p«r day.” Where ground con¬ 
ditions permit., concreting follows some distance behind the heading, rise it must ^ done 
intermittently and at greater cost, since (unless more than one heading is in progress) the 
eonoreting crew will be bu^ only port of the time. Minimum tUckness of ooncreteis gen- 
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eraQy from 6 in upwud, the arch usually thicker than tibe walls. The fmxns are of wood, 
8ted,:or wood on steel. Concrete is placed by hand, gravid, pump, or pneumatic cylinder. 
Qra^dtyia eommon for aides and invert; pneumatic cylindw for the arch, even on same job. 

Guttite. Where no great weight is expected, dabbing is often prevented by a to */ 4 - 
in coating of gunite (mixture of about 2.6 to 3 parts sand to 1 cement), appli^ to the rock 
walls with a cement gun. The fresh rook should be coated as soon as broken, all loose rook 
being first.removed and the walls cleaned thoroughly. In the United Verde Ext tunnel 
gunite was used successfully in a 4 090 ft section, and in 1930 had held for over 10 years 
(38). The tunnel is 10 by 10 ft; a 3:1 sand-cement mix was applied in 2 coats. Total cost 
of labor, materials, machinery reiMurs and supplies, was $6,772.23, or $1.40 per Un ft of 
tunnel treated, or 46c per sq ft. 


12. DRlVmO THROUGH LOOSE OR RUNNING GROUND 


Conditions range from ground which is merely loose and heavy to^those where water 
under pressure may force soft-material into the heading. For the first condition, forepoling 




Fig 25. Forepoling with ReguLu* and Bridging Seta 


. with or without breast boards usually suffices. Methods differ in detail, but in general in> 
*volve the driving of spiling over the last set of timbers, so that room is left below or (with 
side spiling) inside, for erecting the next regular set (Fig 25). 

Fig 26 shows the swinging false set with a 3-piece arch cap for very heavy ground. It 
can be applied with even greater facility to the ordinary horiz cap. There are no tail 




Fig 28. Swinging False Set 


blocks, nor does the spiling have to be driven across 3 sets of timbers, as in Fig 25. The 
wwght on front ends of spiles is carried by the swinging false set, and the q>iling can be 
driven with less hammering than is required with the tail blocks. The posts of the false 
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■et rart and rotate on the aill of permanent aet. and when first erected ooooiv tire podilaon 
abown by dotted lines* They carry a cap of heavy steel pipe b, which supports front end of 
spiles a. While driving, the only pressure to be sustain^ is that of the rode above and in 
front of a; whereas, wi^ tail blocks, a few pounds weight on front end of a spila brings 4 or 
6 times as much winght on its supports. As the spiling is driven, tumbudde e is alowhr 
unscrewed, allowing the false aet to fall forward, until the spiles are nearly horis. When all 
spiles have been driven home, and the supporting block d placed under than,, the turn- 
buckle is slacked still farther, until the swinging set loosens. Then the hanging rods are 
unhooked from the eye-bolts and the false set is advanced to its next forward position. 

This system requires that the timbers for at least 5 or 6 sets from the face liJ'all be con¬ 
nected by tie rods, as shown. This is an advantage, because, by screwing the timbers up 
tightly against the braces, they can*be more easily blocked in position. Also, the timbers are 
hdd in place so rigidly that, if hard ground occurs in any part of face, heavier charges of 
explosive can safely be used than if timbers were held in place only by blocks and wedges. 

Where there is water pressure, special methods sometimes have to be adopted, such as 
drilling holes ahead of the face and pumping in cement grout to seal off the water (see Sec 8). 
The liquid cement is drawn from mixing tanks into a ptunp chamber and discharged 
through pipes into the drill holes. Pumps have been used capable of developing pressures 
up to 3 000 lb per sq in. Freezing methods (see Sec 8) and working with a shield behind 
compressed air locks are special methods seldom if ever employed in mines. 


13. COSTS 


Table 3 (Art 1) gives typical costs of tunnel excavation, but except for tunnel No 1, 
these do not cover cost of concrete linings. Concreting may cost as much as excavation or 
more. The following cost data are typical. 

B. C. Nickel tunnel (3). Section 8 I /2 by 10 ft; length, 4 629 ft; little timbering; 
Nordberg-Butier “riiuveloader;” progress best month, 630 ft. 


Table 8. British Columbia Nickel Tunnel (1934) 


Drilling and mucking: 

Wages. 

Machine shop. 

Drill steel loss. 

Machine drill parts. 

Supplies: tools. 

oil. 


Explosives: 

Powder @ $7.50 per ease.. 

•• © $8,75 “ •• .. 
Fuse ® $44 “ •' .. 
Caps @ $21.50 per M.. 
Handling exp and capscal.. 

Timbering: 

Wages. 

Supplies. 

Track lajdng (surfiios and 
underground): 

Wages. 

Maebins shop. 

SuppUes. 


Cost per ft 


Cost per ft 

505 ft 

4 563 ft 

505 ft 

4 563 ft 

IHI 


Tramming; 



lull 


Wages. 

$ l.3u 




Machine shop. 

.16 




Supplies. 

.08 


.97 



|Mi| 

$ 1.55 

.84 


Air shovel operation: 

HM 


.03 


Wages. 

Hltil 


KlIRM 

$ 8.89 

Shop. 

iwl 


■HHH 


Supplies. 

HKil 






2.02 



Pipe laying (air and water) 





Wages and supplies. 

0.26 

.44 

. 14 


Ventilation pipe line: 



.04 


Wages, shop and supplies... 

0.16 

.26 

$ 5.94 

5.58 

Lighting; wages and supplies.. 

0.80 

.64 



Compressor operation. 

0.56 

.58 

$ 0.18 


Steel sharpener operation. 

1.49 

1.36 

.09 


Engineering. 

0.19 

.25 

$ 0.27 

.19 

Office. 

0.48 

.29 



Superintendence. 

0.61 

.43 



Carbide. 

0.05 

.06 

4 n 


W. C. B. assessments. 

0.46 

.43 

.04 


Total. 



.07 


Portal expense. 

mm 

.41 

$ 0.73 

.79 


■■ 

$24.17 


BaU7<i Tonad, No Walm (10). Section, 10 by 8 ft; data for 496 ft drhwn July 
19^; wenper loadm. 
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TtU* t. Balkyn Twuidt C«tt p«r ft Biitiah ourreiu^ o<»mrtod st £l «■ #4.65 


• 

Labor 

General 

supplias 

Sxplo- 

sivea 

Stops 

Comp 

air 

Power 

Qenmd 

esp 

Total 

Drilliag sad mucldng. 

1 9.II 

$0.50 

$5.77 

$0.08 

11.34 




TVaffie... 

1. II 

.03 

.06 

.08 




H^WT: 

TTAiflfIffif. 

.76 

.04 


.02 


$0.17 



Mine, general. 

.70 

1.16 


.04 




Rnrvaying. 

.40 

.06 





$0.02 


Drill repairs and sbarpening... 

.13 

.12 


.11 

.20 

• • • ■ « 


rHmrliMit. 

.35 

.01 


.01 


.01 

.24 


liniuihiir inpibim. 

.04 






TtinfUbl BuppiMrt. 

.06 

.04 






! 10 

Ventilation. 



• • • • f 


.15 

.06 


.21 


$12.66 

$1.96 

$5.03 

$0.34 

$1.69 

$0.24 

$0.26 

$22.98 

5hinerintMMlAnAA.. 








1.03 


$24.01 


Kerber Creek (Rawley) Tunnel (12). Section 7 to 8 by 7 ft; length, 6 235 ft; 1 618 ft 
timbered; hand mucking; mule haulage; best month’s advance, 555 ft; aver, 351 ft 


Table 10. Kerber Creek Tunnel, Cost per Ft (1912) 


Underground 

Labor 

Suppl and 
repain 

Total 

Surface 

Labor 

Suppl and 
repairs 

ToUl 

Drilling and blasting 
Explosives. 

Mucking. 

Tramming. 

Track and pipe. 

TimhArinf.... *. 

m 

$0,421 

2 .01) 

.02 

.11 

.31 

.27 

m 

Power plant 

Fuel. 

Blaoksmitlnng. 

General surface. 

Salaries, office, travel¬ 
ing, etc. 

i 

$0.18) 
1.31 ) 
.13 
.16 

$ 2.56 

.73 

.83 

1.98 

2.13 

.04 

General. 

Permanent plant •■.. 
Boarding house. 

mm 


Grand total.... 

HHH 


$19.87 


•$3.24 leas $1.11 credit. 


Mammoth Tunnel (14): Section, 9.5 by 9 ft; length 3 008 ft; mostly untimbered; hand 
mucking; aver advance, 301 ft per mo. 


Table 11. Mammoth Tunnel, Cost per Ft (1912) 


Operation 

Labor (a) 

Material 

Air 

Power 

Total 


$4,772 

3.474 

.069 

.271 

4.000 

.017 

.044 

.271 

.172 

.026 

.051 

.814 

1.165 

.530 

.044 

$0,131 

.390 

.100 

.834 

$1,206 


■ 

Miiclrinf. 


Timbering. 



mninar. 



P^Tplnidves. 



Making HHH tnnlit. 

.357 

.333, 



P«ipA.{Hng HHIU .. 



Shariwning steel. 



'TpAAk nnH nrlHng. 

1.266 

.0)8 

.209 

.133 



Electric lights. 



Car and locomotive repair. 



Eneotric tramming. 


.052 

ITnriHnaii. . . -. 


Supt, engineering and office. 

jHHHU 


■mmii 

Widening tunnel. 

mHmi 


HnnH 

Total actual work. 

$15,720 

$3,791 

$1,206 

$0,052 

$20,769 

.11$ 

.224 

.523 

.599 


1^wf«n«tnn nf .. 


pumm 

■HmiH 


nriiHtng fnr . 


HHHm 

HHHhI 

HMlil 

Miso preparation. 




Hlllllll 

Trtal cost... 

IMMM 

WHHH 

HHHNI 

HWHH 

$22,233 


(a) Wage rates: foreman, 10; machinemen, $3.50; chuck tenders and pipemen, $3.25; aiuoksis, 
tranunen and motormett, $3, 
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Hewboos* Toaodi'<17). Section, 8 by 8 ft; length, 22 000 ft; 1000 ft timbered; hand 
mucking; aver progreie, 244 ft per mo; driven in 1902-^. 


Table 11. Rewhonee Tunnel, Cost per Ft (1909) 



May 

June 

July 


May 

June 

July 

Advance, ft. 

264 

323 

305 

Fuse and cape... u 

1 0.46 
1.24 

$ 0.22 
1.02 

$ 0.49 
0.93 

Labor *. 

$7.65 

$5.59 

$6.06 

Drill repnifs. 

Transport. 

1.42 

1.34 

1.34 

Use of machines and 

Power. 

Blaokemithing and 

2.15 

1.79 

1.86 

drill steel. 

Rail, ties, air, etc.. . 
Sundriee. 

.38 

I.S9 

.62 

1.58 

.66 

1.66 

steel sharpening... 

2.35 

1.18 

1.22 

1 69 

0.54 

0.46 

Explorivae... 

3.64 

3.83 

4.02 

Total. 

$22.57 

$17.71 

$18.72 


*Weee rstee: drill runners, IA.25; helper, $3; trammers, $2.75; miners, 63; muokets, 62.75; 
timbermen, 63; blacksmith, 64. 


Ojuela Tunnel (18). Section, 8.5 X 9 ft; length, 5 407 ft; no timbering except at 
portal; Nordberg-Butler "shoveloader”; aver monthly progress, 714 ft; driven in 1930. 
Cost per ft, including supervision: drilling and blasting, $3.99; loading, $1.55; haulage, 
$1.44; rock disposal, $0.32; ventilation, $0.36; general, $2.67; air drills, steel, etc, $3.48;. 
power, $0.84; explosives, $3.77; other supplies, $2.94; construction equipment, not in¬ 
cluded above, $11.92; total, $33.28. 

Sheep Creek Tunnel (21). Section, 10 X 8 ft; length, 8 707 ft; untimbered; hand 
mucking; aver advance, 596 ft per mo; best month, 661 ft; driven between Dec 1, 1912 
and Apl 1, 1914. Wage rates per hr: machinemen, muckers and carmen, 50^; shift bosses, 
68^; blacksmith, 60(!; tool sharpeners, 50^; tool sharpener helpers, 40^; blacksmith helpers, 
35^; compressor men, 40fl; electricians, 50^; timekeepers, 4^; carpenters, 60^. Cost per 
ft: wages, $14.72; bonus, !H.14; lighting, $0.28; explosives, $4.47; tool replacement, $1.35; 
lumber and misc supplies, $0.75; store expense and transport, $0.38; power and comp air, 
$2.53; loss on boarding house, $1.17; depreciation, mining tools, $1.29; total, $31.08. 

Snake Creek Tunnel, Utah (22). Oval section, about 13 ft high, 11 ft wide at widest 
part; lined with 15 in of reinforc^ concrete. Table 13 shows cost of driving and concreting 
305 ft of tuimel through heavy, water-bearing ground in 1910-12. 


Table IS. Snake Creek Tunnel, Cost per Ft 


Drivina tunnel 


Materials and supplies: 


Timber. 15.42 

Powder.32 

Supplies. 2.36 

Tramming (feed).74 

Power. 1.78 

Cement bulkheads. ^9 


Labor*: 

Supervision. $6.66 

Timbering.13.65 

Mttoldng. 9.42 

IVamming. 3.65 

Compresaormen. 3.31 

Outeide general.85 

Asi>en filling.57 

Blackemith. 1.13 

Insurance. .51 

Total driving.. 


Reinforced concrete lining 


Materials and supplies: 

Cement. $8.53 

Steel... 5.78 

Gravel and Band. . 10 $14.41 


$10.71 


Labor: 

Placing oonorete and reinforce¬ 


ment. $5.89 

Gravel, eand and water. 5.40 

Fitting reinforcement.70 

Plastering ditch. . 57 12.56 


Total concreting. $26.97 

Driving. 50.66 

Grand total coat. $77.63 


* Wage rates; drill runners, $3.25; helpers, $3; 
miners, $3; muckers, $2.75; trammers, $2,75; 
$50.66 timbermen, $3.___ 
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SHAFT SINKING IN ROCK 


1. CROSS-SECnON or shafts 

Ractangulu sactton divides naturally into rectangi^Iar compartments, requires least 
excavation for given hoisting area, is adapted to framed timber or steel support and is 
most widely used in metal mining for sinking in rock. Inclined shafts are almost always 
rectangular, though if concrete-lined they may have arched roof. Rovnped bsction 
(circular, elliptioal, oval) better resists lateral pressure, involves less air friction per unit 

of area, requires some fqrm of lining other than 
framed support, and is adapted to rectangular 
hoisting compartments by using the surplus seg¬ 
mental areas for ventilating, pipe and ladder 
spacw. Circular section has max strength and 
for air shafts requires least excavation for a given 
air volume. Oval or elliptical section is stronger 
than rectangular and shares its space economy, 
but is difficult to keep plumb during sinking. In 
U S colliery shafts, straight sides and rounded ends (Fig 3) combine convenience of divid¬ 
ing into compartments with efficient air passages. 

Compartments of a vert shaft may be side by side (rectangular or oval form), or in 
pairs across the shaft (all forms). Cage compts are best in line (Pig 1), to simplify track¬ 
age at stations, but large modern shafts often combine cage compts of full shaft width with 

paired skip compts (Fig 2; also applied to rectangular 
form. Fig 25). Inclined shafts usually have compts 
side by side, though "double-deck” slopes have bron 
sunk; they are said to be cheaper than shafts of like 
capac but of 2-compt width. 


Fig 3. Modified Elliptical Shaft 

In heavy ground the oblong section (Fig 1) can be more effectively supported than the 
square; the long axes of compts should lie across the shaft, to reduce distance between 
dividers and give better support to wall plates. Oblong section favors a wide collar 
between cut holes, with economy of powder (Art 6). In steep strata the short of 
vert shaft should follow the strike, to minimise the unsupported rock span and so guard 
against movement along the dip during sinking, Forman shaft (Comstock lode) was 
Irshaped, with 3 compts in line and a service compt offset at one end; it invited unequal 
ground pressures, was costly to maintain and proved unsatisfactory. 
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Fig 1. Beotangular Shaft 


2. SIZE OF SHAFTS 

Slscflonal dimensions depend on: purpose, required capac (in terms of product, Tnim* 
eupi^as and men transported, or vol of air passed); amount of water to be raised; bni«ting 
mewbd (cage or skip); character of ground; and unit costs of sinking and operating. 
8in)(|Bg cost per ft of depth is minimum for a section of approx 4 or 5 by 6 ft; «nail«i. 
seetm^ impose cramped positions on miners and preclude the most effective placi ng of 
(^riU’wiee; hence cost more. 
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SI29K]^^ 7rK)3 

' yroMe<a rimfti w pfttin <rf Tninimum ri<e, >md may have Iwt 1 eompt, for boib 
rad ^iidaenray. 

Jm Aafti 101 ^ 1)AT8 1 or 2 coiibpts, tho aeooad being » email ladderway with fireproof 
oxirtun wall. Siixtdo-Kian^t abafta ki aoUd rook are often eiretdor and unlinedr though 
emooth tining redueea air friotion. Davia^Daly shaft (Butte) haa ra octagonal section, 
‘‘cireumecribed about a circle ol 6.5 ft diraa inside a smooth tunber lining; its eoeff of Sir 
fdodon (or 1 800 ft depth was 1.26 X 10^ at 90 000 cu ft per min, compared to 8.8 X 
10*^ for a reotragulra unlined shaft of like depth and capao. Boring a shaft ftiUraiBe by 
shot drill (Sec 9, Art 23) implies circular section ind smooth walls, ideal fmr passing idr; 
ra air shaft of 5 ft diam was bored at Grass Valley. Calif, to 1126-ft depth. That seeticai 
is most economical, for which interest on first cost, plus cost of forcing air against the shaft 
reaistancei ia minimum. 

WorUag shafts. For general service, design becomes more elaborate with depth and 
capacity. Shafts used scdely for hoisting water often have no ladderway and operate 
automatically. Two-coMPAR'racKNT shaft (one compartment for unbalanced hoisting, 
with pipe and ladderway) is suited only to fallow mines of small production, where low 
sinking cost means more than power economy at the hoist. Tbbeb-compt shaft, includ¬ 
ing pipe and ladderwaj^ permits balanced hoisting, but in 24-hr duty 30-50% of the time 
is spent in handling men and supplies, hence is best suited to moderate production. Time 
is saved for hoisting ore by adding a serxnce compt, which may bo merely part of the man¬ 
way reserved for a small cage (to transport mine officials and nainor supplies), or a distinct 
compt with cage, often counterweight^, for entire handling of men, timber and supplies 
(Fig 4), In wet shafts it is convenient in ban- 
cliing pumps; and in firm ground may be long 
enough to handle timber laid sidewise on trucks 
(Fig 25); it may serve also for further sinking. 

Foub-compt shaft usually comprises 1 service 
and 2 (balanced) hoisting compts, with pipe and 
ladderway. In a Ftvu-couFaKTMENT shaft, the 
service compt develops into 2 balanced cage- 
ways, with 40-60% spare time available for 
hoisting ore; there are also 2 regular hoisting 
compts (oftra skipways), and a pipe and lad¬ 
derway. Sometimes ladderway and pipeway are 
separate compts. In this way, or by multiply¬ 
ing hoisting compts, BIX- and sevsn-cohpt r^fts are developed; on the Rand a 6-compt 
shaft with 2 main hoists and 1 auxiliary for miscellaneous service has ample capac for 
the working area conveniently reached from one shaft, but time lost in frequent inspec¬ 
tion of a deep sin^e-lift shaft may make a 7tb oompt advisable. The 6-rampt Vlak- 
fontein No 1 shaft is 43 X 14.5 ft, the 7-compt Wolhuter shaft 46 X 9 ft rock section. 

Size of compartment for hoisting depends upon the horiz area of cage or skip, with 
clearances (Sec 12). In U S metal mines, for cage carrying 0.75 to 1-ton cars, cageways 
may be 4 by 5 to 5 by 7 ft inside timbers; in coal mines, with larger cars, 6 by 10 or 7.5 by 
12 ft. In a service compt, the cage may be proportioned to size of loaded timber tru^, 
not of ore car. 

Rock section for framed steel or timber support is cut to allow 3 or 4 in outside of shaft 
sets, for blocking and wedging; a greater dearanre involves needless expense. For 
monolithic concrete linings, shaft walls are dressed to allow a minimum thickness of con¬ 
crete. 
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Fig 4. Shaft with Service or Sinking 
Compartment 


3. SINKING PLANT 

Temporary sinking plant at a new site comprises; hoisting apparatus (windlass, whim 
or engine, with rope and buckets, skips or cages); tripofi, derrick or headframe; provimon 
for waste disposid; equipment for removing water (bailing tanks or sinkiag pumps); 
boiler plant or elec power substation; air compressor; and housing and a(x;esBorie8. At a 
working mine the existing power supply is available, and (for deepening a shaft in use) 
hoisting service also. Temporary plant should be designed not to interfere with installa¬ 
tion of permanent plant; the sinking hoist is placed away (often on opposite side) from 
site of permanent engino> unless opposite a service compt for later use as a smvice hoist; 
the MPking headframe k designed to permit erection of permanent frame rad placing of 
dtaft collar while einkih g. Use of po'manent hoist when ready promotes sinking effic. 

Wiadltss and whim (See 12} are often used in etarting a shaft and in einki&g through eurfaoe 
seil Wore the power fadst is installed. Amount of water influenoee depth to whidt their use is 
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VnMtlMlde; for dvth* «irar 30 to 80 ft thoir appUeotioa k maia^ to aoir work in rmoto togloiHi 
Of vkoro BMKihoniool power k not nvailablo. 

iinirinf engfaiM abmild be strongly built, of duplex type; many lives depend oa their 
roUafaility. For deptiis to say 500 It, and hois^ig wiA ordizu^ bucket (8eo 12), a 
frietion-gear engine of 12 to 30 rated hp is ample, depending on sue of shaft. A sin^ 
dsQwflanged drum of 14-in diam, gear-driven by sic or steam oyls 6.5 by 8 or 7 by 84n, or 
by 25-hp elec motor, will handle 0.5-toai bucket at 300 ft per min. Greater depth requires ' 
a larger hoist, preferably of reversing ^^ype. A 6-ft drum geared to a 200-hp a c or 160-hp 
d e sootor will hcast a 2-ton bucket or a cage with l.S-ton car at 600 ft per min; suitable 
for a 12 by 16-ft rectangular or 17-ft circular shaft to 1000 ft depth. In deep Rend shafts, 
two drums 8-ft diam, 2-ft face, geared at 3 :1 to 2 steam engmes, cyls 16.5 by 33 in, hoist 
2-ton skip or 3-ton bucket at 1 500 ft per min; deep circular shafts have been sunk witii 
two 3-ton buckets in balance (6). For a 2 500-ft shaft at Kirkland Lake, Ont, a 78 by 
3d-in double-drum boist was us^, with a 150-hp a c motor, overall oapac (sixigle line), 
7A ton at 1 000 ft per min; for cost, see below. 


Tripod of timbers bolted together at top, where aheave is suspended, forms a rimple sinking hsad> 
frame. A second sheave may be fastened to bottom of tnpod 1^ nearest tbs hoist, to lead rope off 
horisontally. 

Stiff-leg derrick k often used for sinking through surface soil; it does not exert pressure on 
ground immediately eurrounding ehaft, nor interfere with placing timbering or masonry of perma¬ 
nent shaft collar. Donaldson (1) recommends for colliery shafts a derrick with 40-ft boom and 
80-ft maet of 12 by 12-in timber. Where derrick is used for sinking to depths of 100 ft or moro, 
provision should be msde to prevent it from swinging when bucket is in the shaft. 

Sinking headframe design is the same in principle as for permanent frame (Sec 12). 
It is smaller; usually has one sheave; and distance between sheave and crosshead in 
the dumpmg position is small. Sinking frame should embody features for dumping 
buckets or skips; for protecting workmen on surface and in the riiaft from falling pieces of 
rook while dumping; and minimising work of topmen, in dumping buckets and removing 
broken rock. A contractor’s sinking frame is portable, easily erected and dismantled. 

Water to approx 1 000 gal per hr may be hoisted, much of it filling voids in bucket-loads 
of rock; larger volumes require ranking pumps. With increase of water, cost of sinking 
rises, speed decreases. Ample capac of boiler plant is more important than steam economy, 
eapocially if there is danger of sudden inflows of water that may drown the pumps. 

Cost of plant. For 500-ft depth, handling 80-40 gal per min, cost in 1910 was given 
as follows (1): present costs are roughly 50-75% higher: 


Hoisting engine. $1 000 

Two 00-hp boilere and setting. I BOO 

Pipe and aoceeBoriee. 500 

150-hp feed-water heater. 300 

14-in compreesor. I 750 

3 drille and steel. I 000 

Shaft bar and clanuM. 100 

Derrick. 400 

Headframe. 500 


2 buokete. $150 

Rope. 150 

Buildings. 500 

Dump care and rails. 300 

Electric lighting plant, 10 kw. 750 

2 sinking pumps . 500 

Small toola andaundriea... 500 


Total. $10 200 


Cost of erecting and dismantling plant, $1 000 to $2 000. 

For 2 uOO-ft depth at Kirkland i^ike, Ont, a abaft 17 by 9 ft rook sso required the foQowiiig 


in 1981 (30); costs include inatallaiion: 


Road to site, 0 5 mile. $ 2 297 

Hcnat (see above). 20 623 

Compreesor, I 000 cu ft per min. 8 494 

Hoist and compressor house. I 960 

Headframe, A-type, wood, 60 ft high*.. 2 936 

Care, 2 of I.S ton, and trackage. 510 

Elec power eubetation. 7 066 

Surface pumpe, motors, pipe lines. I 269 


Blacksmith shop. $ i 960 

Office and equipment. I 420 

Misc eurfaoe plant. 3 265 

Drills and Boceesoriee. 2 282 

Drill steel, 4.5 ton. 1 095 

Buckets, 3 of 1.5 ton..... 300 

Sinking jmmpa, motors. 3 137 


Total.$66 236 


4 . SINKING ORGANIZATION 

Two general eyetenu of o’^ganising underground work in sinking: (a) Machine men 
drill and blast the round, and lowar-prioed men handle the muck. The two erewa may 
work together or on separate ahifts; if together, good management ie needed to prevent 
iMterf^uencO, and if on separate ehifta. to maintain a rigid eoh^ule. When well of’ganised, 
tm ii^uaually the cheaper eyetem. (5) Labor ie used indiaoriminatriy to drill and mu^ 
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N6 iQterfMtNDMW b poMlblc, wd no rigid lelMdiil* twemmry^ Mrii cliift takM up tlw irork 
a* frit; by praoedi^g riiift. Wiriii 3 wtfta, thb tystem makw {or spaed, but at aliid^tly 
gragta^ ocyt parft od shaft, beeausa iitifflad iabiv is used tor Skueldiig. It is usualirith hand 
driuipg and bammar drills, both of wbioh can be adapted to local vaziathms in lOia rock aad 
tbarriora tend toward a ilaxibla drilhag sehadole. Shaft raising, and brealdiig ground by 
moiling present special ptoUems. 

Ssamplea of STstenrl: No 8 Tahajuos shuft, IfiSh (18); 2 driOiag and 2 muridag shifts per 
84 far with tnlaisnum interference; the former drilled and blasted a eenter out and one ride; muekers 
best deared die remaining bench, and then the fide already blaeted; aeoond driUinf ahift, beginning 
in middla of the muoldng ehift, then drilled and blaeted the remaining bench, ready for aeoond 
maddng ehift. Csmtbai, 3-compt ehaft. North Star mine, Calif; day ehift, 8 drillets, 1 meohanic, 

1 tori nippSr, 1 hrietman, drilled round of 40 hriee for 8-ft advance, removed eateneion eldp guldec, 
and Uaated; afternoon ehift, 6 muokere, 2 timbermen, 1 hrietman, lowered extenaion guidee to 
bottom, lowered the dnldag bulkhead and placed next set of timbers, wedgsd guides in rioce and 
tnuoked about 28 skiploads ri 2.8 ton per load; night ehift, 6 muckers, 1 hoistman, mucked eame 
amount; rook was mucked into loading pane and handled to eldp by air hoista; any driay on day 
shift meant lose of 24 hr. McPbsbsom ehaft. Duoktown, Tenn, 8.5 by 10 ft; deepened white 
in regular daytime service, hence the einking routine: day shift underground, 4 timbermen, 1 hrist* 
man, on surface 1 houtman, 1 laborer, kept timbering within 20 ft of bottom, took down loose 
ground and left bottom safe for mucking: afternoon shift underground, 4 muokere, 1 lander, 1 boiai<' 
man, loaded 303 ou ft roek with S-ou ft bucket, hoisted by 25-bp dec hoist; night riiift underground, 
4 drUlere, 1 hoistman, drilled and blaeted half-round of 20-24 holes, total 140 ft; other half-^ound 
was drilled and blasted next night. 

Examples of aystem 8: Pabst H shaft, Ironwood, Mich; sunk with 12 hanunw drills in slate* 
and granite; a round of 50-63 bries was firkin 2 relays, as follows: drilling entire round, 6 hr; blast¬ 
ing first relay, 2 hr; blowing out smoke, 1.5 hr; mucking first relay, 8 hr; •blasting aeeond relay, 
0.8 hr; blowing smoke, 1.5 hr; mucking second relay 6 hr. This eyrie, with timbering and bailing, 
overlapped the shifts, and tiie shaft orews performed ril functions as required. Advance per round 
9 ft. Coppan MOtrNTAiir, B C; 3-eompt ahrit; shift comprised 1 hoes, 7 miners, 1 hoistman, 1 dump¬ 
ing bucket, 1 trammer; 18 holes per 6-ft round. Cycle as'follows: cleaning and barring down, 1.2 
hr; mucking, 11.6 hr; picking and cleaning bottom, 1.1 hr; setting up and drilling, 4.0 hr; charging 
and blasting, 0.5 hr; blowing smoke, 1 hr; placing shaft set, 4 hr; backfill behind sets, lagging and 
extending pipe lines, 2 5 hr; lost time, 2 hr; total, 28.8 hr. See also Table 1. 

Special cases: Datis-Dai.t rir shaft, Butte (11) (Art 2), waa raised simultaneously from 0 
levels; each raise required 2 miners and one mah at a small krist in the level. Miami No 8 shaft, 
Aris, was ohiefly in fissured conglomerate, which, retained powder fumes and waa therefore Hon>aD 
witiiout blasting; 3 men using hammer drills with bril-bits broke enough rook for 4 muckers; 
monthly advance, 100 ft. Vah Dtxx No 1 shaft (same district) traversed 760 ft of conglomerate, 
MOiLSD as above with hammer drills and huU-bite; a V-out 12 in deep was made aeross the shaft, 
ti)«i enlarged to a depth of 18 in and width suflSoient to receive bucket; 1 driller on each benrii 
then looeened rook in “ bites" 8 in wide, using the drill to pry toward the cut; 1 mueker followed 
each drill. 

Delays are due to: removing drills, etc from shaft bottom preparatory to blasting: 
clearing bottom of smoke; clearing shaft walls and timbers of loose pieces of rock and 
securing bad ground after blasting; lowering timbers, which may be put in place during 
drilling. 

Where pumps are used, the suction is removed from bottom and pump stopped before 
blasting; in very wet riiafta, this may result in severri feet of water accumulating at the 
rime of blast, wUch acts as a cushion to protect timber and pumps, and absorbs much of 
the powder smoke. This water must be pumped or bailed before miners can go down. 

With 2 shifts per day, much of the above work may be done between shifts; there is 
also rime to make up lor unusual delays. With 3 shifts, no such opportunity exists; 
^leed is increased, but at slightly greater cost per ft th£n with 2 shifts. 

Bonus system lends itself readily to shaft sinking, and in mai\y cases has increased 
speed and reduced cost per ft. Bonus is paid (as a percentage of wages or 5xed sum) per 
ft of advance in excess of a given standard; thus, at McPherson shaft (see above), men on 
drilling and muricing crews received $2 i>er ft of excess over a monthly aver advance of 2 ft 
per day. 

Safety preeautioiu (3). No other operarions should be carried on, nor tools nor 
material raised or lowered to or from other points in shaft, while men are at work in bottom, 
unless they are protected from falling material by a well constructed timber penticb 
extending over nearly the entire area of shaft, with closable openings for passage of buckets. 
In deepening a workiDg shaft, an ample aoex penticb should be left, or timber bulkhead 
built before sinking begins. 

Trap doors, normi^y in closed posrion, should be provided at collar to cover shaft 
opening, with added set of trap doors when dump point is above collar, to prevent pos¬ 
sibility ri falling rock breaking tbrouih the collar dows. At Woodbury shaft every man 



7-06 


SHAfT »IN1^0 IN B|I>CK 

in th« ohaft was prqx^ff^ wit^ a fdt hat atiffeae^ Tvith ireeiii. aad sho^ai;!; |h«w are il)ar4 
and‘viU resist severej^oWB firom fragments of fal^eg roick^ 

Baeketo or skips shoiid stop^ at laact 15 ft above bottom^ until runs downhy shaft erew. ljHMer> 
,mys should be provided to within sueh distanoe frcun hottcan aa will prevent iitiiuy to ihesn from 
blaistioKi from end of thesot chain, wire rope or wooden extomlon huJdars, should go to bottom of s^t 
to assure safety of men agsiiist f^ure of holstina engiae, fire or im ys h ctf water. 

When elee hoiets ere ueed.'elec lights in shaft bottom adtdse rinkers of interruptions in eurrent 
In some districts the law provides that aU btosting in shaft sinking shall be done by eleotridty. 

. *1 • ' ‘ ' 

TaUe 1. Month's Labor Record and Time Cycle, Creighton Re S Shaft 



Max 

Min 

Avt^ 


Max , 

Min I 

Aver 

AdrsDOe, ft... 

164 

112 

136 

Drill shifts. 

308.3 

267. a I 

294 7 

per drill shift. 

0.54 

0.39 

0.46 

Rounds. 

21 

16 ] 

18 

per round. 

8.3 

7.0 

7.5 





FtdriUed. 

7 671 

6 630 

6 993 


Percent of time 

per drill shift.. 

25.3 

21.7 

23.7 






12 MO 

6 150 

9 719 

Drilling. 

34,6 

26.8 

29.0 

per ft advance. 

114; 3 

37.4 

71.4 

Blasting. 

13.1 

5.2 

7.1 

Tons reek hoisted. .. 

6 200 

3 565 

4 358 

Blowing smoke.... 

5.8 

2.2 

3.1 

per ft advance. 

37.8 

28.5 

31.9 

Shoveling. 

57.5 

45.4 

50.7 

per shoveler shift... 

5.7 

3.4 

4.1 

Timbering. 

3.9 

2.2 

3.0 





Setting up drills... 

6.4 

4.1 

4.8 





Miscel delasrs.... 

5.1 


2.3 


-1 

Man-shifto 


Man-shifts per ft 

• 

T)rillArfi. 1 

513.6 

417.1 

475.5 


4 2 

2 9 

3 5 

helpers. 

1 519 0 

416.3 

461.2 


4.1 

3 0 

3 5 


1080.8 

983.5 

1053.6 


9.3 

6 6 

7 7 

Surface trammers.... 

467.0 

338.0 

373.0 

. 1 

3,2 

2 ; 4 

2 7 

hrmeH . 

III.O 

95.0 

103.7 


1.0 

0 6 

0 8 

Xippen. 

93.0 1 

82.0 

86.1 


■If 

0.6 

0 6 


93.0 

79.0 

88.5 


■iM 

0 6 

0 6 

Tiinbermen. 

112.7 

76.9 

98 1 i 


1 1.0 

0.5 

0.7 


Creichton No 3 shaft, Canadian Copper Co, S-compt, rock section 35 by 9 ft, inclined 55”; sunk 
with 12 St/g-in piston drills on 6 columns, 2 men per drill; powder, 40% Forcite, with elec delay* 
action fuses; little timbering required; crew drilled, mucked and timbered ae required. 


6. DRILLING 

Drills used in shaft sinking are: hand-chum, single or double hammer, and piston or 
hammer machine drills. HaND*cnuBN uaiu, in the hands of energetic workmen may be 
advantageous in soft rock. Hole is usually started with hammer and drill. More care 
must be taken in shaping the bit than for hammer drilling, and a low temper is desirable. 
Hani>-hammeb dbilunu is best applicable with low-priced unskilled labor. A large 
number of shallow holes, approx 3-4 ft, are drilled per rotmd. 

Advantages of hand work: (a) Saving in plant, especially in beginning small operations, 
(h) Flexilnlity in placing Itolcs to take full advantage of peculiarities in the face, thus 
saving powder, (e) Use of lighter charges per hole than customary with machine-drilled 
holes, with less slrnttering of shaft walls, less injury to timbering and less over-breakage 
(beyond desired rock section); therefore greater ease in sotting timber, (d) Effectiveness 
when bla.sting the bottom in benches, for which machine drilling is less advantageous. 
This system lightens the burden on each hole, thus saving powder, but interferes somewhat 
with mucking, espe^allj' when only one hoist is used, (e) Avoidance of ddays incident to 
setting up drills and removing them before blasting. 

Hammer drills (Sec 15), which work best in down boles, are almost always used for 
shaft sinking. Advantages: (a) flexibility in placing holes, almost equal to that of hand 
work; (h) effic with high-priced labor; (c) rapidity of set-up and tranker from onaset-up 
to another, as compar.^ With piston drilla 

Piston drills (Sec 15) were long used in heavy shaft work, and are best suited to a 
fixed plan of locating holes, though here aa elsewhere they have been largely superseded by 
the hammer drill. 

Moontinc. In rectangtalar shafts dri& maybe on shaft BABa» placed across the longer 
axis of shaft. Tripods are eometimes'used in U S colliery practice, but are less rigid 
more pumb(»-some than bars, and for reptanguler abafta have little to recommend tiiem 












































liQCATlON OF HOLES 7^)7 


Ti%Ii $. Sxlite^lei iti Srtllk «ii4 Bits Sitiliag, 

>/• _ 'y^ ' *• ’ 


“ \ Mine 

Type of drill^ 

Bit length (ft) and gage fin) 

ft in 

ft in 

ft ia 

ft ia. 

ft In 

Mo 261, Caretta, 
•W Va. 

Rotating hand- 
hammer 
Jackhammer.. 
Water-I.eyner 

It M 

S-$9 Ingeisoll- 
Rand. 

.... 1 S /8 
J iVs 
21/2 IVs 

2 17/8 

2 2 

3 2 

.... 1 V 4 

4 1/34 

4 1/2 I 8/4 

31/2 113 /ie 

4 18/4 

5 1 7/8 

.... l/l8 

6 16/8 

61/2 1 6 /g 

5 13/4 

6 16/8 

6 1/2 1 3/4 



I%ii shaft, S £ Mo. 
Maoaaaa, Oat .. 

«« 14 

Matohambre, Cuba 

Vlakfontein No. 1, 
Rand. 

8 11/2 

81/2 11/2 

61/2 1 11/16 

8 11/2 

7 1/2 1 6/8 

81/2 «»/« 

Hand drifters. 

8 I ,'2 I 1/2 


* Down to 2 OOO-ft depth. t Beyond 2 030 ft, hoi-der rock. 


for circular or elliptical slrnffa they are preferable to bars, which are then harder to set up. 
In Europe sinking frames have l)t*eu d<r\'iscd for circular shafts, on which drills are mounted 
so as to command entire shaft section. The frame with drills attached is raised to the 
surface before blasting (22). 

Maebine drill repairs. The practice of overhauling machine driUs at the shop niter each toand 
has resulted in very low repair costs: at Pyne shaft (Birminghum, Ala, 1918-19), $1.14 per ft of shaft; 
at Pabst H shaft (Ironwoc^, Mich, 1917-19), $2.51 per machine-mouth, or 0.5^ per ft of hole. 


6. LOCATION AND DEPTH OF DRILL HOLES 

For max effic of explosive (Sec 4, 5) drill holes are located so that most of them break 
to 2 free faces. One or more key or cut holes, drilled at an angle to the face, ore blasted 
before the others, which arc placed to utilise the additional face thus formed. In general, 
hand-drilled holes take advantage of rock cleavages, cracks and shape of face, rather than 
follow a rigid plan; the shaft bottom is then sometimes carried in benches stepped upward 
on either side of the cut holes. Machino-drillod holes are usually located by a definite 
plan, which makes for systematic work, though it may sacrifice some economy in powder. 
If a shaft-bar is used, symmetrical location eimbles several holes to be drilled from one 
set-up (Sec 6, Art 4). 

"V/’ center or wedge cut is commonest. In simplest form it consists of pairs of holes 
inclined so as to bottom close together, and forming 2 rows parallel to shorter axis of shaft. 



Cut for Shaft Sinking Fig 6. Double “ V ” or Wedge Cut 

In Fig's, rows 1 are cut holes and are blasted first; rows 2,3 and 4 are then fired in order. 
Fig 6 shows a double V-cut for greater depth; in bard ground this may be supplemented 
by a few shallow vert holes along the center-line of the V; in soft ground one hole of each 
pair mgy be drilM only to half depth. . The cut is usually midway between shaft ends, 
though in large shafus engineers place it near one end and fire the remaining holes in 
order, retreating toward the other end. This tends to throw the mock toward the cut and 
facilitates clearing the other wd for the drills, which can resume work while the cut end is 
b«ng mucked. Local conditions, as rock cleavages, reentrant angles, and positioB of 
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hoiitiiic oomiNfftinient. j w neti m M influeoM poaiticm of out DanuuoUw k moot offeo ttw 
wtm pain cl out boloa neet at tba bottom and are fired itemltaueotudy. llw apida 
tile V ghoifid be as great a* good results pemut. 

Pjm^d cot romprisw a ting of hole* inclined so as to ^ttom olpse together and btact 
out a sump in center of (diaft. It is typical of cireular sbalm (Ilg 7), thoi^ apidied also 
to tectax 4 pdar shafts of approx equal axes (fig 8; numbers show oxda of firing). Davie- 





Fig 7. P]rrsinid Cut for Circular Shaft 
(Handfontein} 


Fig 8. Pyramid Cut for 
Rectangular Shaft 


Daly octagonal shaft (Art 2) was raised with a 4-hole pyramid cut at center and 8 ooniar 
holes per round. In small Aafts and favorable rock one center hole may suffice to blast 
the sump. In any case the out u blasted first, then side and comer holes in order. 

UTedge sad j^nunid cuts are aomctimee combined by iiointiag the middle paira of V holea toward 
a common center, the outlying V hul« taking their usual poeidon. At Newport mine, Mich, a 4-in 
hcde was drilled at shaft centw with a heavy dnli, 4.75-in starting bit, the hole (about 1 ft deeper than 







Approx n' 






Fig|^ Beach or Stops Cut 


\ \ V/ II \ 
I I I I \ 

Fig 10. Bench Cut at MoPheraon ffiiaft 


the Ipgulw round) being left uncherged, to provide a free break for 8 surrounding pyramld-oat hcdiSi 
4 Atdh radius (^tantaneow firing and 4 altCrnatriy spaced on 18-in radius (first driay). 

etope cot ia eomeOiiMa used in thdit r»«nd (Fig 9). The out altemata from side *9 
aidd cghheA, always leaving 8 more or lees Itee faeee and diue saving powdm. Brokra roek is 
tbrufch* adMVwxd m 'with wedga and pyramid outs, but toward oppoaite and of shaft, with laea riak 
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ti to tirebwr and poimit, bottom b tlwoir* btror ot om oad or tbo attar, lorflltatlac 

mookiu ottt dntinoie. A muUlb#tloft» ift Mol*baooi) aluiift, Tobd, b ■!»«& bi lb tO; tbo bolM 
tt oolulSAm Sraro diiUod ood btMbd Ini, tbm thoM otmwa dottadL 

Bottom ottt, like that for tuaBol work ^ee 6, Art 5), b ■(mietimeo ooeful for fiat, iadfned 
diafte (Fi« 11). ^ 

X>0]^ of hole dependfl on typo of cbill, duuraoter of rock and ttape and ttw ol ttaft. 
Aa boles are deepened, the width of V cut ('‘ooUar") is increased, reduoins the numhor of 
side holes and total footage per round; but to secure si^cient 
dimn at bottom, holes 10 or 12 ft or more in depth reqmre very 
heavy drill sted, in lengths inconvenient to hamlle in tlw 
bucket. Usual depth of HAvnv-oBnxKn holes is 2-6 ft. With 
msTON DBiuA, depth ehould be the max consistent with pow¬ 
der economy, to reduce percentage of time lost in setting up, 
and hi hobtlng and lowering drilb between rounds. For 
each case thu max should be determined by test; roughly, 
depth of hole may be assumed at one-half, in soft rock thre^ 
fourths the width of shaft. Fractioe of drilling deep holes 
and Kl min ing them 2 or even 3 times is wasteful of powder 
unless, before charging, they are partly filled with sand or 
other easily removable material. With bammeb dbillb, ease 
of set-up makes the factor of lost time less important, but 
the steel is smaller than that of reciprocatmg drills, and holes 
more quickly taper to a diam too small to hold enough powder for good results; max 
depth of hole then depends on ability of steel to keep its gage. 

At Woodbury shaft, Mich, 10-ft holes were possible in soft sbtes, but in granites and quartbtos, 
with 21/4-in starting bit, 8 ft was maximum. In very hard rook at Gordon shaft, Tenn, piston 
mattines drUted 5 to 7-ft holes and made approx 6 ft Ovanes per round, the hammer type diilbd 
2 to 4-ft hobs with approx 2 ft advance per round, but greater sinking speed. 



Fig 11. fiottom Cut for 
Inclined Shaft 


7. EXPLOSIVES AND BLASTING 

Ezploaives (Sec 4). In American practice, 40% gelatin dynamite b generally used for 
sinking where holes are drilled by hand or reciprocating drills. For shallow rounds in 
easy ground, 30% may serve; for aver rounds in difficult ground, 50 or 60%; for deep 
rounds, 60 or 80% in cut holes (used at Morenci to break an 8-ft round in easy ground), 
in some districts, 2 sticks of 60% are placed on bottom of hole, remaiiider 40%; sometimes 
2 or more sticks of "100% gratin’* are placed at the bottom. On the Rand, 60-74% 
gelignite has been used in recent sinkings. Proper amount and strength of charge shoi^ 
be found by trial. Where timbering must be carried close to the bottom, the higher 
strengths may damage timber; a factor in proportionmg charge and depth of round. 


Table 3. Consumption of Explosive in Shaft Sinking. (Examples from practice) 





Gelatin 




Gelatin 

Rook see, 
ft 





Rock aec, 
ft 





Dip 

Ground 

% 

Lb per 

Dip 

Ground 


Lb per 




cu yd* 




% 

eu;^* 

9X 7 

60“ 

hard 

40 


8 X 21 

vert 

medium 

40 

5.3 

6X 12 

73* 

medium 

40 

6 2 

9X 17 » 

4 4 

varied 


5.2 

9X 17 

70“ 

aoft 

40 

5.3 

8X21 2/8 

• 4 

medium 

50 

5.0 

10 X 20 

25* 

hard 

40 

4.0 

7 Vex 16 

4 1 

hard 


4.9 

13 Vox 14 

vert 

(hard, 1 
(fraot'dj 

50 


7X 17. 
7»/4X 16 Va 

«4 

61 

firm, hard 
hard 


4.5 

3.8 

7VnX 191/8 

64 

tou^ 



81/2 X 19 

4 4 

swelling 

35 

3.5 

OX 17 

6 • 

medium 

40 


17 X 24 

4 1 

« « • 


3.3 

7 X 17 

6 4 

sheared 

40 


Bl/t X 28 

a • 

slabby 

40 

2.6 

8 X 161/8 

4 4 

firm 

40 








* Solid measure. 


Table 3 indicates that oonaumption of explosive per cu yd tends to decrease with 
increasing siae of dimt section, but depends chiefly on breaking characteristics of the rock. 

Msating may be dona with ordinary cap and fuse, elec fuse inters or elec caps, pref¬ 
erably of the dalm^-aotion type (See 4, Art 10). In some districts the law requires elec 
firing in ttitog. Fir^ a round oi holes in proper order lightens the burden on all excejn 
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the out liolee and leMi^ danger of injmy to timbering. ^ For OBonfAsr itrsn, Miae 
eagineera adviae 2 equal Wgtiis of fuse and 2 detonators in eaob bole. Fuse wound around 

2 pri^erly placed nails or books and eat at one nsdt 
with caps crimped on the severed ends, will sbpW by 
the mark of the other nail where it should bo cut and 
spit at blasting time. 



tw one nde of bottom). 


If sfaot-Srera b^n spittina (Uihting fuse) at ends of 
.the shaft, and work toward the middle, they BnMi near 
the buek^ and avoid danger of atepping on lighted fuse 
and putting it out. This method involves cutting fuse to 
different lengths, because the cut boles are then tlie last to 
be spit sad should be the first to explode. When spitting 
begins at the out, fuses of uniform length insure proper 
ord^ of firing; and if for any reason the entire round is not 
spit, at least the cut and ueighbormg holes will explode . A 
time-keeper fuse, cut to burn out about 2 min before the 
first explosion is due, serves as a warning In wet shafts 
on the Rand, fuse in splVby torch, or “oheesa stick.’* made 
by splitting blasting gelatin, wrapping it around a {»ne stick 
18 in long and covering with clay. The resulting fumes ate 
absorbed by the water without effect. 


8. MUCKING 

Mucking, or loading broken rock into hoisting 
conveyance, occupies 40-60% of sinking time. 
Methods: (1> hand shoveling direct into bucket or 
skip, or (2) into loading pans, dumped into bucket or 
skip by mechanical means; (81 mochamcal loading 
in large shafts with sciaper or (rarely) catori>illar 
shovel. 

Hand ahoveling loads 0-1.8 cu ft per mon-hr 
(measured in place), depending on character of muck, 
conditions at shaft bottom and promptness of hoist¬ 
ing service. Rock in 20 to 200-lb pieces can be 
loaded by hand faster than on equal wt of fines can be 
shoveled. Shoveling m a shaft bottom is difficult, 
though when the 2 ends are blasted alternately, it is 
facilitated by laying steel plates to receive the muck 
in the end not hia.ste(l. Empty bucket should alw'aya 
be ready at bottom, to avoid delays. In large shafts, 
where more shovelers ore omiiloyed than can ciowd 
around the bucket or skip, 2 comportments may lie 
used for hoisting. 

Foi VKRTicAi. RHAFTB, o bucket Of skip may bo 
suspended from bottom of sinking cage, which has 
long guide shoes to permit lowering lielow the last set 
of timber. In other cases, sinking erossheads (Sec 12) 
are used to prevent the bucket from swinging. Double 
cross-head (Marquette Range) comprises (a) upper 
head clamped to hoisting rope, (h) lower head loose 
on rope and resting on bucket; the latter is kept 
from rotating by 2 additional ropes extending from 
upper head through tho lower bead to the bail. Blocks 
at lower end of guides stop the lower head and 
release the catches that attach it to the bucket, 
which, w’ith the upper head, then continues down 
until bucket is on bottom (6). Skips loaded by band 
are made low at the back, to reduce lift of shovel. 
Guide shoes are either long enough to engage lower 
ends of guides when skip is (m. bottom, or extension 
guidse are provided, which may reach 45-ft length 
and' are removed when tdasting (Fig 12 shows 
special form at North Star mine, ^lif, ^ offsetting 
For WCI.INBD smuTTS, buckets sliding on skids, or sus- 
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pended from a oaniage running on a cableway, and akipa running on regular track, 
are in general uae. Temporary track, capable of being raiaed on bleating, reaohea from 
end ef timbering to abaft bottom. 

Loading pane (Fig 12) are ahollow and 
opea at one end or aide to facilitate filling 
by ahovel. For dumping into skip, they are 
lifted by 7 to 10>hp air hoist mounted on 
timbering above or on sinking stage. They 
are loaded while skip is being hoisted and 
lowered, and save time; at the Coloroda 
ahaft, Cananea, they increased sinking speed 
20 %. 

Scraper (Fig 13) ia suited to long, 
narrow ahaft section. At Champion mine, 

Mich, it first scraped the muck to the end 
opposite loading end; a slide was then 
clamped to a horia bar across the shaft, 
the hinged apron of slide resting on the 
bucket; scraper was then reversed fur 

loading, after which the hinged apron Fig 13 . gcrsper in Hhaft Bottom, 

was turned back, scraper rope pulled Champion Mine, Mich 

aside and bucket hoisted. Two fuU 

scraper loads filled a 0.5-ton bucket in 20 sec; round trip of bucket, 2.5 min. In one 
case a small Butler shovel was used to muck the shaft bottom. 


9. VENTILATION (See also Sec 14) 

While sinking, enough air must be delivered at tiiaft bottom to remove powder smoke 
and rock dust, and enable sinkers to work in reasonably pure atmosphere. 

Natural ventilation, set up automatically, may serve to great deptiis; in some cases, 
mechanical ventilation must be adopted at the outset. Some of the factors governing 
natural ventilation are: character and temp of surface atmos, temp of strata penetrated, 
and amount of water falling in shaft. Natural ventilation may be aided in several ways. 
If a small portion of shaft area is partitioned off by a brattice, and this compartment 
carried up into the headframe by a chimney, difference of air head will cause circulation. 
Where steam sinking pumps are used, the warmth usually suffices to establish a rising 
current; a steam jet directed upward from shaft bottom will accomplish same result. 

It often happens that, even with no brattice, the space 
around the steam pipes is upcast, while the opposite side 
is downcast. 

Fan or blower on surface, connecced to a wooden or ehoet-iron 
pipe 12-18 in diam, reaching cluee to ahaft bottoir, may be used 
to force down freeh or exhaust foul air. A fan may bo used to 
exhauat blasting fumes promptly; it is then reversed to supply 
fresh air. If the pipe or chimney be of wood, the boards should 
be matched and painted to reduce lockage. 

Where compressed-air drills are used, the exhaust generally 
removim dust '^and prevents vitiation of air. Powder smoke is 
readily blown out by opcidng ^he air valve at the bottom after 
blasting. Spraying water down the shaft facilitatse clearing 
powder smoke. 

10. SINKING IN*A WORKING SHAFT 

Working sliafts are frequently deepened while regular 
mining operations are being carried on above. Sinkers 
should be protected from fnlling objects by a rock pentice 
(Fig 14); or by a heavy timber bulkhead, sometimes loaded 
with iO or 15 ft of waste lotk. 

Fig 14. Sinking Vndv Rock There are two gcneial methods; (a) rock is hoisted 
Pentice direi‘t to surface through special unking compartment; (b) 

rock is hoisted to the lowermost working level, by a small 
eloo or comprossod-'tir hoist, whence it is raised to surface by regular hoisting plant. The 
pentice may be left across entire shaft area, in which case a short inchne must be sunk 
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from tbe level above before the abaft is widened to full section. If the pentice is kit 
across bottom of hoisting compartments only, a small op^dng may be out in line willi the 
ladderway, through which sinking is carried on (Fig 14). In large sh^ts, special means of 
traUirferring muck from tbe small underground sinking hoist to main hoisting system are 
common: in extending No 5 United Verde shaft, the shaft was first buUcheaded above tiie 
lowest existing level, then sunk full sixe for 20 ft, and 2 skip pockets of 70-ton oapao exca* 
vated for muck; then a pentice was formed by sinking only the manway for the next 30 ft, 
after which the abaft was widened to full sise, the bulkhead removed and regular BwtlHp g 
resumed. 


11. SHAFT RAISING 

When an additional opening is needed for existing workings, a shaft may be raised 
instead of sunk. This presupposes a final plan of underground connections between shaft 
and workings, because some or all of these connections must be driven before raising begins. 
Raising in moderate lifts is faster and cheaper than sinking, because it avoids mucking 
and pumping; but 200-300 ft lifts may be difficult and costly, involve ventilation troubles, 
and in some formations (as at Magma) lead to serious overbreak when raises are enlarged 
to full section. It is chargeable with cost of tramming muck to the hoist (unless the muck 
is used for filling), but profits by lower cost of hoisting with permanent plant instead of a 
small uneconomical sinking hoist. 

Methods. Foi speed, raising may proceed from several levels simultaneously. The 
raise may be made of the smallest section consistent with effic, and enlarged to full shaft 
section after holing through. If raising is done in sections, errors of alinement can be 
corrected while enlarging. Temporary timbering in the pilot raise may be partly salvaged. 
Shafts are also raised at full section, especially if made in only one lift. 

Shaft No 2, Harold Mine, Minn, was raised 90 ft at full rook section of 18.6 by 8.6 ft, usinf 
the shrinkage system (as in stoping) for support, except in 2 cribbed manways at shaft corners. Nor¬ 
mal cycle: (a) wedge-cut in center and pyramid-out over each manway; (b) manways cribbed to 
within 3 or 4 ft of back and wedge-cut blasted; (e) remainder of 1 end drilled, its manway oribbed 
close to back and covered with rails and lagging, and the entire end blasted; (e) manway cleared 
for aocees and other end drilled and blasted. Only enough muck was removed to provide working 
space until, when excavation was complete, it was slowly drawn down to keep pace with permanent 
timbering (17). 

For its Pilares shaft, Mooteauma Copper Oo drifted to line of shaft at the 1 600,1 700 and 1 800 
levels and drove 4 by 7-ft pilot raises on shaft center-line from the 1 600 and 1 800, the former 
holing through to tbe sump on the 1 400, 167 ft above. In each raise, shrinkage atoping to full 
section was started 20 ft above tbe bottom and carried up tbe full lift; the shaft was then timbered 
downward as in preceding example. 

12. DESIGN OF GROUND SUPPORT 

Typag of gapport: (a) timber, steel or pre-cast concrete frames ("sets"), or concrete 
rings poured in place, spaced at intervals with or without lagging; (b) continuous linings 
of brick, stone, C-I tubbing or concrete poured in place designed to exclude water, as well 
as to resist ground pressure. In the U S, brick, stone and C-I linings are rare; formerly, 
timbering was almost universal but concreting and steel framing are increasing in use. 

Choice of support depends on ground and water conditions, shape of shaft and cost of 
materials. Timbering is increasingly costly and (unless proofed) involves fire hasard; in 
Bwriling ground it fails slowly and with ample warning. Steel sets are often lagged with 
wood, thus intmrring some fire ^sard. Both timber and steel framing are typically suited 
to rectangular sections. Concrete avoids fire hazard and when poured in place will fit 
any section; iised chiefly in shafts of long, life, except where loose ground, or surface soil, 
requires close lining in any case. In tbe U S, it is the usual material for watertight linings. 

Design for strength. There are no exact rules for computing pressures. In very 
wet ground some engineers assume full hydrostatic head, but this assumption has been 
criticised as too severe. Lining must withstand impact of a falling cage or skip, if hoisting 
rope breaks; otfaerwie.' it is proportioned by experience, allowing for bad ground or exces¬ 
sive water, which may increase the pressure. 

Anchorage to shaft walls. Continuous concrete linings are usually pou^ to the rock 
at many or all points, keying into tbe shaft walls. Tublnng, masonry linings, and all 
framed support require special ondiorage) by means of wedging cribs or bearer sets, resting 
on hitches in the riiaft walls at interv.al8 of say 80-100 ft. 

Shaft collar is raised far enough above surrqunding eurfaoe to exclude surfara drainage 
and facili tate disposal of waste rook; on level ground it may be 16-20 ft hi|^, inoloaed by 
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waate fill. Inoidentally, it often providee foondetions for the headframe. When the 
otdlar U in acdkl rook, framed support bnpns with a ooniAX ssi>, qf heavy mem here extended 
on firm* ground beyond the excavation; this is virtually the first bearer set, from which 
regular sets are hung by bakoxmo noun, until the next bearer is placed below. When the 
collar is raised above the surface, the collar set may rest at ground level on timbers or 
ocnxorete piera and cwry the superstructure; or it may be supported on posts and bracing 
until waste has been .dumped beneath it. 

In traversing soft overburden the draft may be cribbed (Art 13), or preferably con- 
oreterlined. Concrete lining should be sealed in bedrock to exclude water, and timbering 
may be built up inside the lining or connected to guide bolts embedded in the concrete. 

In shallow overburden, a conical pit, dug to bedrock, 
facilitates building the collar; it is refilled when collar 
is in place. 

Water rings are placed at intervals in vert shafts to 
intercept falling water, which is then led to a sump and 
pumped to surface. A groove is cut around the shaft to 
a depth of 1.6 or 2 ft, on the edge of which a dam is made 
of timber embedded in clay or concrete, or of clay or 
concrete alone, to form a channel behind which water is 
collected and led thence to a sump. In timbered shafts, 

TUe Dnlm to Rtaisa 
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Iilg 16. Water Ring for 
Timbered Shaft 
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Fig 16. Water Ring for Concrete-lined Shaft 
(Aftnes d: Mtn) 



water is guided into the ring by short planks placed in an inclined position to intercept 
its fall (Fig 15). In concrete-lined shafts (Fig 16), the rings are placed behind the lining, 
water being led to them by lines of tile pipe, placed vertically in or behind the concrete; 
a small projection on inside of lining serves to catch the water failing in shaft. The ring 
should have sufiicieut grade to the outlet pipe. 


Orooting behind a continuous lining is often effective in checking inflow of water. For grouting 
in advance of sinking, see Bib 8. 


13. TIMBERING 



Fig 17 


Cribbing consists of timber, round, hewn on 2 sides or squared, built crib-fashion 
against the shaft walls. In large shafts it is used chiefiy in traversing soft overburden, 
ti^ugh in heavy ground it is sometimes 
carried to depth. Small shafts are often 
cribbed throughout. 

In simplest form cribbing is of undressed 
timber, cut to length but not framed, held in 
place skin to skin by vert strips nailed inside 
the crib corners; or plank is set edge to edge, 
with ends halved into each other, or cut square 
and held by nailed stripe. In cuisa cribbino, 
timbers, skin to skin, are framed ns in. Fig 17, 

18, 19, 20, where A » half the thickness of 
piece; that is, A •• 2B. In opxm cbibbino, A 
exceeds half the thickness, and some space is 
left between crib timbers (Fig 19); that is, A is 
greater than 2B. 

If ground permits, several feet of cribbing 
are placed at a time, each section being built 

from a set wedged in place at bottom; otherwise, sets are placed singly as sinking prooeeds. 




Fig 17, 18, 19, 20. Cribbing Joints 


Vcrticxl-ilixft goto. Each set (Fig 21) comprises 2 wall plates and 2 und plates, 
nspectively on the longer and shorter aides of shaft section, and 4 corner posts or 
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sruDOUw. to preserve spacing and support the sets. All members are usuaUy ol same 
timber sise. Compartn^ts are separated by diviobbs (buntons), usually of same depth 
as pistes, Init narrower. Posts are also generally placed opposite the ends of each dtv^ar, 
of same sise as the divider, or smaller. 

Guides are bolted to end plates and dividers, into which guide backing posts are some¬ 
times framed (16) just behind the guides, to stiffen and support them; or guide girts (16) 
may be framed into studdles betwcien sets, like extra end plates or dividers. Sometimes 
space is provided for a 2 or 3-in filler between guide and end plate or divider; then, if the 
set is distorted by ground pressure, alinement of guides can be preserved by varying the 
thickness of filler. 

For shaft sets, sawed timber is preferable to round, in permitting more accurate framing 
of joints. Timber sises: 6 by 6-in for small shafts in firm ground; to 14 by 14-in for large 



drafts in heavy ground; under aver conditions, 10 by 10-in plates are common. Vert 
qiiacing of sets varies with character of ground, often in the same shaft; 6-7 ft clear is max 
for solid rock; 4-6 ft is usual; in bad ground, intervals are smaller. 


Details. For plates, tbnons (horns) are 0.5 the thickness of piece. Wall plates are always 
mortised in the upper half, end plates in the lower; whence the former carry the latter when assem¬ 
bled. A 1-in hole may be bored in center of tenon, with a 
wooden pin to hold plates together during assembly. To bring 
wall and end plates in contact for their full depth, they are 
sometimes given a 45° bevcd at base of each tenon (Fig 21); at 
Butte, tenons are shortened by 0.25-0.5 in, to assure full oon- 
tact between beveled eurfaces when sets are wedged in place. 
Dividers are \isually framed with a V-tenon at each end (Fig 
21), BO that the wt of the piece tends to hold it in place. Some¬ 
times only one aide of tenon is sloped, the other side being vert. 
Shoulders on either side of tenon provide bearing against the 
wall plate for its full depth. If a long wail plate must be 
spliced, the splice is best made at the divider separating lad¬ 
derway'from hoisting compartment (Fig 23). Poets are squared 
at the ends and brought to a true bearing on the plates. Plates 
and dividers are usually gained to receive ends of poets, which 
thus resist side press. If gains are omitted, poets are blocked 
And wedged. 



Framlag must be accurate, to avoid cutting and trimming underground. Accuracy 
is secured by using a timber-framing machine or carefully made template; or failing these, 
by first drawing a center line lengthwise on the best of the 4 faces of a timbw and referring 
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^ fr a min g meMuramenta to line u a basa If no faoe ia true, one may be traed for 
the^i^poee. The side on wbiob base line is drawn sboold face inward after assembly. 

Haagiag b<dti (Pig 28) are chiefly to facilitate assembly. A bolt consists of 2 dupli¬ 
cate parts; threaded ends are passed through the respeotiye wall plates and secured by 
washers and nuts; the other 
ends are hooked to each other. 

For adjustment, the bolts 
are 3-4 in longer than re¬ 
quired by the exact spacing 
of sets when in final position. 

Diam of bolts varies from 
'T 0.75 to 1.26 or 1 s/g in. Large 
C-I washers prevent nuts 
from cutting into timber; 2 
or 8 bolts per wall plate are 
required, depending on length 
of plate. 

Assembly. Shaft bottom 23. Bearing Timbers (Ifl) 

is carried as far as possible in 

advance of timbering, to minimize injury to timbers by blasting and permit timber 
and drill crews (if separ ate) to work simultaneously, under precautions for safety of the 
men below. 

Details. Temporary staging at proi^r height is placed arross shaft section, hung from timbering 
above, or laid on special stulk; or blasting set (see belon), if decked; in large work a sinking stage 
' or platform (with opening for bucket) may hang constantly above the bottom, and serves for placing 
seta. The right- or left-hand wall plate is lowered into boris position on the staging, uaually by 
timber clevis or rope sling. Hanging bolts having been put in both the new plate and the corre¬ 
sponding plate in aet above, the hooka are engaged. When both wall plates are in position, the end 
plates are pflt in, their tenons resting on tenons of wall plates (temporary wooden pina aometimes 
used). Dividers and posts are then placed, and hanging bolts screwed up until the new aet is in 
accurate position. The set is blocked and wedged against the rock walls until proper olinement is 
secured. Wedging ia done at corners and opposite ends of dividers. 

In bad ground timbering ia carried close to bottom, timbermen sometimes standing on the muck 
pile. If there is no room for swinging a long wall plate into bona position under sets already placed, 
the plate is spliced, or dividers are temporarily omitted from the last few sets; but since the tenon 
of a divider extends under the post above, the divider can be pla.-ied subsequently only by cutting a 
recess in the post just above its base. This recess is later fiU^ by a block spiked in place. 

Bearing seta, or bear'ers (Fig 23), placed at intervalB of 50-100 ft of depth, fumidi 
anchorage for the entire shaft structure and carry its wt if the blocking and wedging of 
regular sets become loose. Normally, wedging should hold the regular sets as solid as 
bearers, but alternate wet and dry periods may loosen them. Bearers may be regular 
sets, with end plates extended and wedged into hitches in the shaft walls; or (preferably) 
extra timbers, of same breadth as plates but deeper as desired, hitched into the walls 
directly beneath certain timbers (usually end plates) of regular sets, which rest on them. 
In the latter case, plates are framed as usual, but the gain or dap on lower face of wail 
plate, instead of receiving top of post, now fits a similar gain in the bearer, which is also 
gained on its lower face to receive top of post. With heavy timbering, or in ground where 
it is difficult to cut a reliable hitch, extra bearers may be placed under the dividers. Some¬ 
times bearer and end plate or divider aro bolted together. Bearers may possibly carry the 
full wt of timber to the next bearing set above, and if necessary are built 2 and even 3 
timbers deep. Instead of individual hitches, a continuous hitch may be cut all along the 
s^ft wall to carry a sill (Fig 23), on whiqh the liearers are seated and wedged. 

Lagging is neemsary except in solid rock free from .tendency to spall off. -Materials; 
round poles placed skin to skin, saw-mill slabs, or ordinary 2-in plank; galvanized cor¬ 
rugated steel and buckled plat^ have been tried. 

Where ground permts, lagging is out to lengths spanning 2 or more sets, and put behind wall and 
end platee after severiu sets have been placed. If each set must be lagged as soon or placed, 2 by 2-in 
nsooiHU BTiUPB (Fig 21) are ni^ed to outer faces of platee, and lagging in single lengths ia placed 
with ends abutting on these strips. Space between lagging and shaft walls ia packed with filling to 
prevents walls from “starting." Ci.bats may be spiked to upper and lower faces of plates, and 
le gflng placed behind dike cleats, standing between instead of behind the sets. Cleata facilitate 
renewal of lagging, but are structurotty weak and unfit for heavy ground. 

Vertical-ahaft alihement af timbering. Shaft sets are first alined roughly with a 
straight-edge placed on inside faces of 2 sets above; final alinement is by at least 2 plumb 
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linec. Mt by p«rmai|0iit reference poiate in tambering above. Vert marlai are mode bn 
eeleoted plaoea on timbers by saw or ecretcb and. by oarpentw's square and wedginf, 




as g« m«w ivhere lines are bung near shaft comers. 

In timberinK a*large Mioh shaft, one pair of plnmb lines was hung 8 in from wall plates on the 
shorter center line of shaft, and another pair 3 in from end plates on a line parallel to loot center 
line, but 6 in to one side of it, to prevent intertoenee with guides. After the 4 oorners had been 
Uo^ed, a horis line touching second pair of plumb Unea woe stretched lengthwise of shaft and imt 
above the dividers, measurements were taken to midpoint of dividera, and wedges driven opposite 
dlvidw ends to aline them. * .. 


Incliaad-shoft timbering. Where hanipng wall requires no special support, sing^ 
posts or Stulls are used as needed, with toe set in footwoll Utch and the head wedged against 
a head board on hanging wall. Stringers or cross tim are always added to support skip 
track, pipes and ladders. Where hanging wall tends to spall, but mdes are firm, horis 
timbers are set close to roof and hitched into sidewalls; for long spans, they may be sup¬ 
ported at midpoints by posts between oompts. Where both hadging wall and sides are 
weak, or both require lagging, 3-piece tunnel sets are used (See 6). Compartments are 
form^ by placing additional posts as required.' Where footwall is bad, the 4-pioce tuniiel 
set is sometimes used. 

In heavy ground, inclined shafts are timbered like vert shafts, with sets placed approx 
normal to dip of shaft. If end plates are inclined more steeply than the true normal, move- 



Fig 24. Inclined-shaft Timbering 
Ufter Tiuscotl) 


miMit of hanging wall along the dip wedges them 
more tightly in place; in general (9), head of 
plate may be raised above normal position 
V8-V4 in (SO^-dS" dips), or i/^-s/s in (50“-75" 
dips), per ft of plate length. For dips greater 
than 70°-75°, framing differs from &at of vert- 
shaft sets. Cap and sill (corresponding to wall 
plates) usually extend beyond end plates, which 
may be framed with V-tenons (Fig 24) or, if 
studdles are used, with square tenons; end plates 
are thus held in position during blocking and 
wedging. For strength, cap is often of deeper 
section than sill. Cap, sill and end plates may 
be gained or mortised to receive square ends or 
tenons of studdles, which in a flat shaft are lightly 
loaded and small. A collar set and bearers are 
used, the latter generally spaced at longer inter¬ 
vals than in vert shafts. Hanging bolts are used 
only for steep dips. 

Inclined-shaft alinement of timbering. .Azi¬ 
muth and dip of an existing shaft are found by 
setting a transit at shaft collar and sighting a 
target at the bottom (or some intermediate) set, 
with target and telescope offset at fixed distences 


from sill and end plate. New timbering is often alined with spirit level, carp&ter’s 


square, plumb line and straight edge, checked every few days by transit. 


In each cap and sill, before assembly, a tack is driven at the same relative point; then, taoks 
on the now silt, the sill last preceding, and a third several sets above, are alined with a stretched 
string, the new sill being wedged to alinement and leveled with spirit level. For the cap a second 
string is stretched as before, with plumb line attached at the last preceding set; the cap is wedged 
until plumb line touches the sill string. Dip is maintained witli straiglit edge, which should span 3 
sets and is often triangular, with its top horis when the bearing edge is at required dip. To aline 
new timbering with transit, the instrument is set over or under a lark some distance above, back- 
sighted foe asimuth and sighted on new timber, which is shifted by wedgln^^ntil its tack is cut by 
the vert cross-hair. T. luscope is then set nt established dip, its height measured and slant height to 
plane ol sills calculated, target of leveling rod is set at this slant height, the {od grounded on the 
new sill and rested against new r-.p (tbus lying normal to line ol sight), and the set wedged up OT' 
down until the horiz croes-hoir bisects target. Corners of set are then tested with square, and siU 
tfith spirit level, corrected if naoesaary, and again checked by transit. In deep ahofts this metb^ 
Xwrmits sKght errors in the compt farthest from transit; hsAise, a set-jip la made and tacks driven 
iiV the end hoisting compt, usually 1-2 ft from shoidder of cap or sill, errors being thrown to Udder- 
emy. Steep dipe require an auxiliary telescope;* the tripod ie oftmk replaoed'by a bracket aarewed to 
timbers, or by a streteher bar (See 18, Art 3).^ t 


STEEL 8HAF1VSETS 
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SwMlUnc groavd is difficult to bold unless provHnoa is ntsde lor cutting swsy pro> 
Iru^bttg rock and easing the timboring. This iii best done, vithout interrupting lusting, 
b^ gkaldngi|~^e shaft opening large enough to allow a 2^ to 3-ft space outside of the shaft 
sets. AusiUary or jacket sets (16) are then placed and wedged around the regular sets. 
Fiom may 1^ 'laid on jacket sets and lagging placed outside m them in the usual way; 
occasi(prally, regular sets are also boxed in with plank. In the space thus provided, work 
of easing timbers proceeds as required. 

Cjilndrical shsita may be lined during sinking by tagging driven behind wooden or 
atari rings placed at vert intervals of 4-6 ft (23), which in turn are kept in place by wood or 
Steel distance pi^pes. * Steel plates are also used. Such linings afford temporary support 
" b^re idacing permanent metal or masonry lining. 

Tteber jaeservatives ara aometimee used to combat decay and 6re hazard. Timber for an 
AUokan. shaft was preasore-traated with zinc chloride against decay; specified retention, 1 lb dry 
chloride per cu ft of wood. Timber for the Capote abaft, Cananea, was treated against decay and 
fire haaa^ with a hot solution of 27% triolith (90% NaF, 6-7% potassiuin or sodium bichromate, 
and phenol) and 73% sea salt; max temp in treating tank, 190-200° F; wood preheated for U hr, and 
Boak^ in solution 24 hr. • Timber may be fireproofed by coating with gunite; for details (Tramway 
slialt), see Alt IS. 

F Protection during blasting is required when timbering must bo carried within 20-30 ft 
of shaft bottom. Logs swung by loops of chain close under timbers of lowest set are often 
enough. For better protection, a blasting set is himg below the lowest shaft sot and 
lowered as needed, e g by chain blocks; it may be of green timber, sometimes half-round, 
or (at Macassa mine, Ont) 8-in channels, framed to match the shaft sets in plan. At 
Copper Mountain, B C, a blasting set of H-beams was used, open in center compt, covered 
over end compts with 2 thicknesses of 3/s-in punched plate. For blasting set at North 
Star mine, Calif, see Fig 12; end compts solidly covered, center compt with iron door. 


14. STEEL SHAFT-SETS 


Steel sets are of structural shapes, arranged and named like the members of timber' 
seta. Shapes are selected that furnish conyeiiient riveted or bolted connections (Fig 25). 


,553.* lb 


/H'Seetfon 


Wall and end plates act as beams 
under lateral press, and as columns 
under axial press of ground. Normally, 
dividers in vert shafts act as columns, 
but in moving ground, or inclines 
subject to creep of hanging wall, they 
may also resist bending, due to rigid 
connection. Posts act as columns, 
unless distortion of shaft support pro¬ 
duces bending stress. Plates and 
dividers must therefore have rela¬ 
tively large least radii of gyration 
(Sec 43, Art 28), and for heavy duty 
are often H-beams, placed with flanges 
vert'* for max resistance to lateral 
ground press. Angle posts permit 
easy connection (Fig 25) and eliminate 
permanent hanging Iwlts. I-beams 
are common for bearers. Steel cross 
ties, and T-rails alone or reinforced 
by angles, have been used as plates, 

I-beams, paired channels and Z-bars 
as buntons, and rails as posts where 
wt of sHhft framing is carried by lower 
IxMLrers. Compositei sections involve 
a ^bp cost that single shapes avoid. 

Xjuides are oft4n of wood, thoufih 

steel has been used; east-eteri racks, sometimes bolted on steel guides to engage safety 
dogs, seem of doubtful value, as they must function under heavy impact. If size of 
compartments and spa^ under the previous set permit, a steel set is framed at surface 
and lowered intact;, otherwise it is shop-riveted in parts and assembled underground, 
with bolted connections. Chfun blocks are u^ to swing the framing into place. 



Fig 26. Steel Timbering for o-compartment Shaft 
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BHAFT SINKING IN EOCK 


nrtfcrratfon. ate^ may 1 |b painted «itfa a nurture df Sparta coal ter, Ikwoflem* 

aad 1 portiaod eemetot. appUed hot to cleaned aurfaee. Steel hae been ooeted with gusite 
(Art 15); first cleaned and covered with chipken wire for reinibrcement, Troui^ed diapee, 
ae H- and I>beams, placed with flanges vert, dr<nild be oan<set»-filled between upper 
flanges, to prevent collection of water. ■* ^ ' 

16. CONCRETE FRAMING AND LINING 

* '« 

Concrete may be pre-cast above ground in reinforoed members like those of a timber 
set and similarly put in place; or poured undei^ound in a succe^on of rings around the 
shaft (with bare rook between) virtually as monolithic setsr or'poured in a continuous 
lining; or used in the form of pre-cast blocks for walling. Linings poured underground 
or walled' are equipped with wood, steel, or pre-cast or monolithic concrete dividers. 
Gunite, or sand concrete applied by air jet, is used as protective coating on timber' and 
steel (Art 14), and even as draft lining in firm ground. 

Pre-cast shaft sets, with members corresponding to those of timber sets, have been 
successfully used in both vert and inclined shafts. 



yjnlfcj 


Fig 26. Reinforoed-ooncrete Shaft Sets (34) 

Oliver Iron Mining Co, Mich, used a 1 : 2 : 3 mixture, poured wet, in molding sets for vert 
•hafts; Mining Co, Mich, a 1 : 3 ; 5 mixture for plates and dividers, and 1:2:4 mixture 

for studdles of an 80** inolined shaft. After removing forma, members were allowed to harden 
for several weeks before placing. Reinforced concrete slabs, ofal:2:3orl:2:4 mixture, were 
for lining between successive sets and as partitions between compartments. Where used as 
Isgdng between sets, the slabs generally rest on offsets on the plates, space between slabs and rook 
walls being filled with broken rock or other material. Slabs used as compt partitions may be bolted 
to dividers. 

After blocking a set into alinement, it is sometimes bonded to the roek by placing a wooden 
bottom and filling around the set with fresh concrete, thus approaching the mkq method.^ Members 
may be molded with reiiiforcement protruding from ends or outer faces, to be embedded in the fresh 
oonerete bond; Fig 26 sh.'W^ stirrups of web reinforcement (Sec 48, Art 14), protruding thus from 
wall plates. Holes are cored for assembling and hanging bolts. Due to their wt, concrete sets 
require more labor for assembly thou timber sets, and long wall plates may be oast in 2 or mwo 
iGOtioni. 

In a 3-oompt abaft of Abmeek mine (20), oonerete sets (Kg 26) replaced 12 by 12-in timbm. 
Coats (prewar) per set delivered at shaft mouth: timber, $37.60; oonerete, $22.50. Unit costs; 
timber, $28 per M; crushed fitone, 36f per ou yd: sand, 60# per ou yd; osment, $1.15 pw bW; reia- 
foreemsot, $12 per shaft set. 7 men plaeed 1 set per 6-hr shift. At American shaft, Zaruma, 
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Sraador, wifli tMawat »t 13.85 per M4b ee^ »nd«^bi!^ordiic (0.5^ defomed bile) M 4.5^ per lb, 
eoet |d cpating 8^B^pi.Mt jCrepofted 1920 wu 818;* S-eodtpt, 122. Cost per ft (rf eheft. inoludi&c 
retaerel'ef old tiiidw: kbor, 1^.57, euppliee, $34.00; memben were plaoed orib-ffeshioB, 0 in«put. 

Rise atthed prowidee aonoUtliio winorete Uning in'Hdric bd&ds, separated by intervale 
of bore reek. In tbf City Deep b1^CRw^> nnss 18 in high at 1'0-ft intervale 

fumieh entire euiiport in firm mlc ' , 

and serve as anchorage for con- ** Tabled. Coat of JRing Method of lining 
tinuoua brick or concrete lining in 
heavier ground: each ring is bonded 
with 20 steel pins sunk in the 
rock. 

A square shaft at Jerome, Aris, 13 

13 ft ia dear seetion, was continu¬ 
ously lined for 1 660 ft and ringed for 
460 ft below. Rings 30 in high on 6-ft 
centers were «wch reinforced with 
6 O/g-in horis and 10 S/g-in vert ban, 
epot-welded at shop. Bottom form was 
a wooden sill with projecting pieces of 
ship-lap shaped to rock profile; forme 
for inner face were of Aeel, well braced. 

Concrete was poured to rook, not leas 
than 3 in thick. I-beam and channel 
dividen (fiangee up) and angle attach¬ 
ments for wooden guides completed 
the “set.” Costs (1925), Table 4. 

CoattonottS lining is combined with dividers of various types (5). Partition walls may 
be oast with the lining; they have openings at intervals to relieve suction of passing cage 
or akip, are equipped for attachment of guides, and designed for impact due to possible 
breakage of rope. Walls may be thinner if carried at intervals on steel beams. Dividers 
of steel, timber or pre-cast concrete are common. If seated with ends embedded in the 
lining, they are difficult to replace; whence, hitches are often cored for them, or they are 
supported on short lengths of steel beam embedded in the concrete; in either case they are 
bolted in place. If used to support guides, pre-cast concrete dividers are reinforced against 
impact and vibration. 

Reinforcement of lining may be of standard structural design (Sec 43), or of old drill 
steel, rails or hoisting rope. Inward pressure causes compression in a circular lining, but 
may induce tension at inner face of a rectangular or flat oval lining; where lining of any 
form is exposed to local thrust, the principal factor is apt to be shear. Steel rope, resist¬ 
ance of which is purely tensile, thus flnds its max value as horiz reinforcement near the 
inner face of a flat wall, but due to stretch, may not take full tenson imtil adjacent con¬ 
crete has begun to fail. Reinforcing bars are preferable. 

In main portion of auxiliary shaft, QaUup American Coal Co, N M, 26 by 10 ft dear, boria 
reinforcement comprised 0.76-in round bars, 10.5 and 18.5 ft long (2 ft lap) on sides, spaced on O-ia 
centera; and 12.5 ft long on ends, apaoed 12 in apart. Vert reinforcement, 0.5-in round bars 14 ft 
long, apaoed 24 in apart and lapped 2 ft. Horis end and ail vert bars placed alternately near inner 
and outer faces of wall. In concreted portion of a hoisting shaft of Lake Superior Coal Co, W Va, 
reinforcement oompriaed 0.75-in square corrugated bars, spaced 0 in apart when laid horis and 24 in 
apart when idaoed vert. * 

Anchorage of lining poured to rock depends on skin friction, uded by leaving pomts of 
rook projecting into the concrete. This is usual practic4, but lining have also been formed 
in the clear and anchored only at intervals. 

In traversing a shear zone, 200 ft of the Barron shaft, Pachuca, Max, were concrete-lined to 
elliptical section, with axes 14 and 10 ft i>uide lining. The lowest 9 ft were poured to rook as a bask; 
106 ft higher a second base was cast, 3 ft high, and 41 ft above this a third, S ft high; between these 
bases, and for 35 ft above the third, lining was formed clear of the rook and intervening space back¬ 
filled. The last 3S-ft lift joined a rectangular section above. In the rectangular Chief Consolidated 
ehaft, Utah, in heavy g'-ound, a lining 8 in thick was formed in the clear for 1050 ft of depth, with a 
UMO poured to rock 10 ft and a heavy reinforced bearer-section deeply hitched every 100 ft. 

Detgflg. Mixtures range from 1 :2 :4 to 1:3:6. Wall thicknesses are 8-18 in. 
Before concrete is placed, flows of water should be stopped by grouting or vented through 
pipes laid in the forms, to prevent separation of cement and aggregates. 
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SHAFT SXNSING IK BOCK 


and ptednCi Concreting is beet earned upward from below, although ia d 
deep shaft, it may prooeed in several horiaons at once, to allow time for setting ^thout 
delaying the crew. 

On small ]obs, the mixer nuiy be located in nearest underpound lerel: on Iwge work it is usuaOy 
at or near the eiuiaoe, and if located a few feet below level of supply, can reeeive raw matmials by 
shuts, with convenient use of measuring-hoppeia. Batches are delivered to the forms by cage or 
bucket, or by piping. In one case a hopper oar was used, discharging through the eage floor into a 
short telescoping pipe erected at the forma; bnekets may deliver to forms direct. In many large 
ahafte concrete has been piped from mixer directly to place. In the 380-ft Songo shaft, Birminidmm, 
Ala, a 4*in pipe without gaskets delivered into a 5*in Y, with bottom plugged and a branch diseharg* 
ing to forms through sectional epoute of 18-gage iron; concrete was thus placed for 13 less per ou yd 
than in the nearby Pyne shaft, where a bucket was used. The 6-oompt Sacramento shaft (36), 
Bisbee, Aril, was Uned 1045 ft during time spared from hoisting; a mixer in the end service compt 
discharged into a 4-in column, composed of 10-ft lengths with flanges carefully faced; to reach 
farthest alcip.eompt, an expanding elbow was inserted at pouring level and connected to a 6-in hwis 
pipe, which discharged through a malleable elbow into 1 length of 8-in galv-iron pipe leading to 
the forms. Compressed air was admitted at back of expanding elbow to blow concrete through the 
horis pipe. 67 lengths of 4-in column and 6 Ol elbows re luired renewal during the work. 

Cyprus Mines concreted a circular shaft, 14.76-ft inside diam, working downward. A steel 
bulkhead, of diam 6 in greater, floored with wood and provided with door for bucket, was hung below 
lining by four 5-ton chain blocks; a 1.7o-in angle, rolled to 13.75-ft diam, was bolted through 
wwhers to the deck, with 1.5-in clearance between, through which 1-in boards were extended to rock 
and wedged in place, as a base for concrete, the bulkhead being centered by 3 radial arms slitUng in 
guides. Forms of flanged corrugated steel, 16 in high, in 36-in sections, were bolted in place, after 
which the bulkhead was pulled up snug; usually 3 tiers of forms were placed and poured at once, 
with steel abaft dividers placed in the middle tier of every alternate pour; concrete was piped from 
surface; mucking proceeded during concreting. 

Fonns are of wood or steel, 2.5-12 ft high; aver about 5 ft. If greased, they are easier 
to strip, and leave better surface. On large jobs, and where curtain walls are cast with 
the lining, standardised steel forms save time; they are made in sections, each sonmtimea 
comprising several hinged parts, and designed for rapid assembly. 

At the Sacramento shaft (36), steal forms 5 ft 9 in high were used tor a 5-ft course; bolts were 
embedded near upper edge of each course to engage holes along lower edges of forms when latter were 
placed for next course above, thus securing alinement and holding forms against pressure of wet 
concrete. Steel forms are much used for circular and elliptical linings. If the '<haft ia timbered 
for safety while oinking, the lagging may serve as the inside forms. 

Gunite (21) is sand concrete applied by a "gun," which pipes the dry materials under 
tir press to a movable nozsle, whore water is added and the resulting paste sprayed in 
olace as a thin coating. Uses: to preserve timber and steel (Art 12, 13), to fireproof 
timber, to prevent air slacking of rock, and as shaft lining in firm ground. Surface to be 
coated is thorouglily cleaned; to secure bond, timber and steel are covered with wire mesh, 
and timber may be wet before coating. Mixtures vary from 1 : 2.5 to 1 :5 at the gun, 
but are enrich^ during placing, duo to rebound of the sand; 1 : 3 mixture at the gun 
becomes 1 ; 2.5 in place. Ono bag of cement yields 32 sq ft of 1 : 4.5, or 22 sq ft of 1 : 3 
nominal mixture, 1 in thick in place; 0.6 cu yd of coating requires about 1 cu yd of mate¬ 
rials. The 1 :2.5 nominal mixture is used to waterproof; its ultimate compressive strength 
18 4 500, that of 1 : 3 mixture is 4 000 lb per sq in. Cement should be screened; sand 
should bo clean, not over 0.25-in size, and not quite dry. Usual sizes of gun require 
110-225 cu ft free air per min at 40-75 lb press; the air should be dry. 

Tramway shaft, Butte, was fireproofed by coating to 2 000-ft depth; lagging was removed 
just above and below each level and coating carried to rock, thus sealing the timber in a 
series of air-tight sections; timber eras covered with 27-gage diamond-mesh metal lath 
and wet just before coating. Mixture 1 : 3, applied in two 0.25-in layers; tests diowed 
tiiat keeping the coat damp for several days prevented shelling off under heat. 4 men 
with gun coated 100-150 sq ft per hr; 100 sq ft required 3.5 sacks cement, 0.85 ton sand, 
94 sq ft lath, 1.5 lb staples and nails, and 23 mon-hr in all (3.6 for lathing, 2.7-4 for coating). 

In 1918, 900 ft of colliery elope, induding timbers, were coated with 0.5 in gunite, at 63.09 per ft; 
100 sq ft required 1.67 eauke cement, 5 sacke sand and 2.4 man-hr (shaft and oomprsmor crew only). 
In Cary A shaft, Wis, etee/ sets and wood lagging were covered for 263 ft of depth wi^ meeh^ 
ranforoement and coated 1.5 in thick, in 1 to 3 layers; total cost, 613.60 per KM sq ft, requiring 3.8 
saeks cement, 0.6 eu yd sand and 1.24 man-days labor; 1 foreman and 6 men coated 14 260 sq ft of 
wall and 3 750 sq ft of steel in 32 wevking days. A hoisting shaft of Lake Superior Coal Co, W Va, 
was lined for 185 ft with ranforced gunite. Gunite anios 10 in thiek, were made every 10 
and reinforced with bars 12 in apart grouted into holes ia the rook; in ehattered ground heavy 
oonerete brackets were substituted for gunite rings. Between rings (or brackets) gunite waQa wert 
3 ia thick; mixture, 1: 3. Gunite also used as facing for 66 ft of or^nary concrete lini^ 
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Coacrat^-Uoek indUnci uaed in EurotM, !b adapted to droular ihsftB. Exoept 
for Bh|3iOw depths, it is divided into lifts, each built on its own ourb ring, best made of 
ooneijBto^poured to rook as in the ring method. Blocks are segmental, from 6 in thick, 9 in 
hitfi, 12 in long on outer face, of 1 :.2 : 4 mixture (6), to 3.2 in thiek, 30 in high end about 
36 in long, as ia a circular shaft at Charleroi, Belgium. The blocks were dowriled for aline- 
ment and reinforced; after placement, rods were passed through ring bolts protruding 
from the outer face, and bonded in the concrete backing; mixture, 1:1:2. An inter* 
looking reinforced block in Z-form has been used in Belgium. W alling is built clear of the 
rock, and space bdbind filled with concrete. 


16. MASONRY LINING 



Fig 27. 


Walling Crib and Water Ring 
Combined 


In Europe, droular shafts in drjr or moderately wet ground are often lined with hard* 
burned brick or out stone, laid in lime mortar or, in wet ground, cement mortar. Brick 
and stone are preferably shaped to the required curve, though for diams over 12 or 14 ft, 
ordinary brick may be ased. Lining is backfilled with clay, sand, cinder or other fill, 
rammed in place. Large volumes of water, nut too great for pumping, are excluded by 
cofTBRiNO, which in simplest fu*‘m consists of brick laid in cement and carefully back¬ 
filled, or more elaborately of concentric walls, up to 8 in number, filled between with clay 
or concrete; both horis and vert joints are broken. For concrete block lining, see Art IS. 

Anchorage is provided at intervals by a C-I 
WALumo CRIB (Fig 27), which is cast in segments, 
usually 8 to the circle, wedged or bolted together 
on a continuous hitch cut in the rock and dressed 
level. Ring is made watertight by fir sheathing 
driven into the joints. 

Placement. Shaft is sunk with tonporary 
wood lining (Art 13) to firm rock, and a walling 
crib placed, on which the wall is built to surface 
from a stage hung in the shaft. Correct curva¬ 
ture is maintained by wooden templates, and alinement by plumb lines. On resuming 
sinking, a shelf of rock is left under the crib until wall has been brought up from next 
crib below. The shelf is then cut away a little at a time and replaced by wailing, 
using temporary props for crib above. For coffering, wedging cribs 
like those used in tubbing (Art 17) may be employed. Walling cribs 
are sometimes of woo<l, and in firm ground may be omitted, masonry 
resting directly on rock. 

Walls (single) are usually 9-18 in thick; coffering may be designed 
(23) for hydrostatic head, and is thicker. Water rings (garlands) are 
of wood or C-I, often cast integrally with walling cribs (Fig 27). At 
each ring, lining may be gradually offset as in Fig 28, to leave shaft 
area clear. Weep holes are left in the masonry; in coffering these 
may be lined with wood or C-1 plug boxes, sealed when masonry is 
completed. 

Cost. For diam of 18-21 ft, Redmayne (22) in 1925 estimated 
cost of sinking and lining, excluding wall material, at $.3.25 per ft of 
diam per ft of depth; for diam less than 18 ft, slightly less; for labor 
only, $1.65 per ft diam per ft of depth. In England before 1915, 
a walling crib cost $25-$50; ordinary brick lining per ft of depth, 
75(i-$l per ft of diam, with brick apigox $5 per M; coffering in one 
shaft 18 ft diam cost $33 per ft; another, 16 ft in diam, $17 per ft. 



Fig 28. Walling 
. Cnb and Water 
Ring in Plaee 


17. TUBBING ’ 

TubUng is a watertight lining of C-I rings for circular shafts, used in very wet rook 
formation underlaid by an impervious stratum, to which lining can be sealed above 
mineral deposit. Vol of water must not be too great to be pumped during sinking. 

Rings are cast to shaft radius in flanged segments approx 4.5 ft long. If D "• shaft 
diam (ft), P == hydrostatic head (ft), measured to outcrop of water-faring strata (which 
may be above shaft collar}, then thickness (in) ofveb or flan^^ = ^/PiO.OSD •+• 0.125) + 
1*4.14, minimum 0.5 in; width of flange (in) = '^P(D -j- 15) -4- 35.09, increased to nearest 
in or half-in above; minimum up to 10-ft diam = 0.684'V^: after Lupton (25). Acid 
water calls for extra thickness. 
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SHAIT 8INK1NQ IN HOCK 


HangM may projert inward or outward; if inward, they are faoed by machine and 
bolted tcHtcther with Imd gaekete (legments 18-^ in higdi),' ootaide-fiange aegmenti 
(30-60 in high) are iouidi> caatinga wedged againat the rock, with pine or lead gadwta in 
the jointa. l^de-flanip tubbing ia the stronger and avoids atreaa due to wedipng, but 
being bolted, may incur abnormal stress in shifting ground due to its rigidity. Space 
between tubbing and rook is beet concreted. A oor^ hole in each segment mds handling 
and vents water during placement. 

Placement. Anchorage and sealing against water are provided by wSDomo cbibb 
( usually ring castings. Fig 29) projecting outside the lining and seated in a continuous 
groove around Uie shaft. The seat is dressed level and covered with pine sheathing 
(0.5-0.75 in tliick) and tarred flannel, or with fresh concrete; on this the crib segments are 
assembled, with pine or tarred flannel gaskets. Between crib and rook, small pieces of 
oak are placed and packed with dry moss, into which wooden w^ges are 
driven; finally chisels are used to open the way for more wedj^ until 
no more can be driven, the crib having been propi>ed down against the 
wedging until secured by wt of lining. Placing then proceeds upward; 
except with bubpendkd tubbino, bung from crib above, and used where 
ground requires support close to bottom. Air or gas trapped behind the 
lining may exert abnormal pressure and is corri^ past the sealed crib 
through by-pass pipes; or better, vented through a check valve in the 
crib itself, finally escaping at top of tubbing. Wedging cribs are usually 
30-75 ft apart, or wherever rock affords an effective seal. In sinking 
by freesing (Sec 8), with no room outside shaft circle for hitches, tubtwg 
has been anchored by a few rings with deeply corrugated outer faces, 
concreted in place. 

Costs in Fngiand before 1915 were $40-$100 per ft of depth, in¬ 
stalled; castings, $25-$35 per ton; placing, $&-$10 per ton. Costs per 
ft for a 14-ft shaft: 0.75-in tubbing, $44; placing, $5; gaskets, wedges, etc, $2. Prepar¬ 
ing seat and pladng wedging crib, $200. Costs are now approx twice the above (22). 



Fig 29. Wedging 
Crib and Outeide- 
flange Tubbing 


18. Enn>-CHAUDRON PROCESS (2,25,27) 

Conditions for use are as for tubbing (Art 17), but with inflow of water too great to be 
pumped during sinking. Such conditions are rare in the U S, but common in Europe. 

Method. The shaft is excavated under water, by massive drop tools, called trebans, 
the method being an extension of the rod system of boring (Sec 9). The water stands at 
its natural level until the work is finished. A small shaft may be bored first and enlarged 
to full diam, or the full section bored in one operation. On completing boring, the bottom 
is cleaned with a special tool, and the lining (Inside-fiange tubbing. Art 17) is put together 
at the shaft mouth and lowered as rings are added. The lowest ring is the mobs-box 
(see below), specially designed to seal the lining to the underlying impervious stratum. 
When lining is in place, ihe space between it and the shaft wall is filled with cement 
grouting, lowered in trip-bottom boxes, and the shaft is pumped out. An effective seal 
is essential. 

Plant required consists of a suitable headframe (with facilities for handling the heavy 
boring tools), power plant, boring rods, small and large trepans, sludgers and special tools. 

Trepans are massive steel frames, to the lower edge of which are attached chilled-steel 
bits weighing about 100 lb each. Bits are placed unsymmetrically to cover entire area of 
shaft bottom as trepan rotates; they are also set to slope the shaft bottom towards center, 
thus facilitating removal of cuttings. Trepans are inspected frequency and dull bits 
removed. Wt for a small bore, 2-15 ton; for large, 15-30 ton. Ah enlarging trepan 
(Fig 31) has a projection extending into advance bore, and a crosshead fitting the sbnft, 
to preserve alinement; the orossbead may carry bits to dress the shaft wall. Strokes per 
min 8-25; length of stroke, 6 in to 2 ft. Tools are suspended from the walking beam by 
rods and temper screw (Slee 9), which feeds down as boring progresses. 

Boring. Usutdly the shaft is started by ordinary methods, and a shallow hole, of 
diam of &iall trepan (Fig 36), is made^at shaft center. In tins the trepan is started, and 
cuts an advance bore of 4 to 104t usually kept at least 80 ft ahead of the enlargement, 

•ometiiaes out to full depth before enlarging begins. CuttingB from the small trepan are 
removed by sludger (Sec 9); those from large trepan are caught in a bucket suspended ia 
the adi^oe bore. Where abaft walls cave badly, they may be lined temporarily with 
aheefrHrteel easing, hong from the surface or rested on a shoulder of rock left for the purpose. 
Diam of shaft below must then be reduced. 



SMALli SHASTS 


7-2a 

Pwsuiirat lining. Mcms-box is a double MesoopiBg ring with outside flanges, 
between which dry moss is placed and secured while lowering bjr^ means of wire netting. 
Whep seated, the wt of tubbing telescopes the rings and compresses the moss against the 
Aaft wall, forming a watertight joint. Sometimes concreting alone (without mos8*box) 
is depended on for sealing; special Uts on the enlarging trepan then cut a level seat for 
bottom flange of regular tubbing. 

With deep shafts and excesrive wt of tubbing, the lining as a whole is mode buoyant by 
placing above the moss-box a false bottom or diaphragm, in which a vert bquiubbiuk 
pira is inserted, equipped with valves for admitting water as desired and thus controlling 




Fig 31. Large Trepan 


buoyancy. When lining is finished and sealed, and shaft pumped out, wedging cribs 
(Art 17) are placed below the moss-box and sinking proceeds by ordinary methods. 

Speed and cost. Aver rate of sinking to 600 ft depth in northern France (24), 12-^3 ft 
per month; cost (before 1915) $66-$200 per ft. 

Costs of sinking 14.5 ft diam shafts in the Ruhr district, Germany, to mean depth 
between 164 and 1 148 ft prior to 1915, were (27): plant and equipment, 50% of first cost, 
$25 000 to $35 000; miscellaneous, $12 500 to $25 QUO; tubbing per ft, $90 to $195; 
concrete per ft, $12; power and supplies per ft, $60 to $105; labor per ft, $135 to $210. 

Kerr (23) gives cost of sinking only, exclusive of tubbing, at 483 to 4250 per ft; ordinary rate of 
advance, 9-12 in per day. In general, pre-war cost of 12-ft shafts ranged from 4100 to 4300 per ft; 
14 to 16 ft shafts, 4250 to 4500 per ft. 


SPEED AND COST DATA 


Of the following cost examples, all but three are dated 1920 or later, and fall within 
the x)eriod of higher wages and prices that followed the World War. Costs prior to 1916 
should be increased 50-60% for use as guides to curreift practice. For cost examples 
of steel shaft support, see Ross shaft, Art 20, and Matabambre No 2 shaft, Art 21. 


19. SMALL SHAFTS 

SOl-ft prospect sbsft, southwest U S, 5 by 7.5 ft, no water. Hoist and 6 by 8-in vert compressor 
powered by tractor engines; 2S-ft headframe cost 4165. Drilling and blasting 3 hr, mucking 0-7 hr, 
timbering 6 hr. Round, 8^13 holes, aver of 40 sticks, 1 l/g by 8 in, 40% dynamite. Seta 5.S-ft 
oenten, 4 by 6-in plates, 4 by 4-m posts and dividers. Sunk in 98 days. Cost (reported 1935): 



Total 

Per ft 


Total 

Per ft 

Labor. 

.. $2 267.50 

$11.28 

Lights. 

. $ 6 60 

8 0.03 

Insurance. 

135.00 

0.67 

Gasolene. 

. 35.00 

0.i7 

Explosive. 

.. 175.00 

0.87 

Oil, grease, coal 

. 9.65 

0.05 

Lumber. 

381.35 

1.90 

Pipes, bolts, niuls. 

. 33.35 

0.17 

* For blacksmithing. 



Totid. 


815.14 
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SHAFT SINKING IN BOCK 


Ataite-JaaMO Ho n froapect aluft (7), 7 by 9-ft rook MotioB, 60* inolinei mink by oontroet fw 
SOO ft through hard rook. Shaftmeii earned aYer <d 09.38, hoistmen 0i.8O per ehift. Round, V«eat, 
34 holes, 6-6 ft deep, lewder, 40% epecial gelatin, 23.6 lb per ft. Tlmbw, 8 by 8dn idatee, 6 Is^ 
8-in dividers, sets 6 ft apart, 37.6 bd ft per ft. Costs per ft (1981): 


Labor: Supplies; Power: 


Shaftmen. 

.. $20.19 

Explosive. 

.. $4.97 

Drilling. 

$ 0.60 

Pumpmen. 

4.27 

Timber. 

.. 0.96 

Hoisting. 

0.40 

Timl^r framing... 

0.69 

Pipe lines. 

.. O.ll 

Ventilation, lights... 

0.03 

Steel sharpening.. 

0.42 

Drill repeur. 

.. 0.25 

Total power. 

$ 1.25 

Misccl. 

0 12 

Miscel. 

.. 1.20 

Supervision. 

$ 1.00 

Total labor. 

.. $25.69 

Total suppUea... 

$7.51 

Total direct cost.. 

$35.45 


Daeis-Daly air-ahaft, Butte, Mont (11): depth 1 806 ft. oouprising 1 607 ft of raising, 90 ft of 
stations and 108 ft of sinking; timbered solid with octagonal frames oircumscribing a 6.6 ft circle 
(1920-21).' Miner’s wage. 06.76; aver day's earning on contract, 06.28; eudoaives per lb, 204; 
timber framer, 06; timber per M, 037. Goat per ft for raising only: 


Timber for idiaft framea... $7.48 

Framing. 0.76 

Timber for chutes, etc. 1.47 

Cutting chute timber. 0.37 

Blocks, wedges, etc. 0.99 


Total cost of timbering. 11.07 

Exploeives. 2.33 


Compressed air. $ 0.86 

Drill repairs. 0.69 

Steel consumption. 0.39 

Steel sharpening. 0.28 

All other supplies. 0.33 

Labor,.. 14. 76 

Total per ft. $30.71 


20. SHAFT RAISING 

Bunker Hill and Sullivan No S ahaft, Idaho (7); 3-<*ompt, inclined about 50*, rock 
section 8 by 16 ft; raised 295 ft from 19th level in medium hard ground. V-cut round, 
24 holes. Powder, 35% gelatin, 12.2 lb per ft of shaft. Timber, 10 by 12-in caps and 
sills; 10 by 10-in posts, 6 by 10-in dividers; sets at 5-ft centers; total bd ft per ft of shaft, 
153.3 Man-hr and costs per ft (1927): 


Labor: 

Man-hr 

Cost 

Supplies: 

Cost 

Bosses® $7 50. 

. 0,06 

$ 0 47 

Explosive. 

. $ 2.05 

Timberracn ® $5 30. 

. 0 61 

3.30 

Timber. 

. 3.66 

Shaftmen @ $5 00. 

. 1 08 

5 41 

Misccl. 


Helpers @ $4 50. 

.... 0.11 

0.41 

Total. 


Timber framing. 

. 0.21 

0.64 

Sharpening steel. 

. 0 10 

0 35 

Power: 


Total labor. 

. 2.17 

$10.58 

Drilling. 

Hoiating. 

Total. 

Total direct, per ft. 

$ l.ll 
0.33 

. $ 1.44 


Pilares shaft, Sonora, Mex (7). 345 ft of pilot raises, 4 by 7 ft; enlarged to full rock section of 
12 by 20 ft; see Art 11. Total completed depth, 379.5 ft. Powder: in pilot raises, 5 lb per ft of 
raise; total, 10 lb per ft of shaft. Costs (1924-25): 


Labor: 

Rreatrififf. 

Per ft 
of raise 

Per ft of full section shaft 

Raises 

Enlarging 

Timbering 

Misoel 

Total 

$2.45 
0.67 

$2.23 

0.61 





Mucking. 





Total ahaft. 

Shop Ifihor. 

$3.12 

$2.84 

$4.82 

0.08 

1. 

0.66 

3.76 

8.33 

$. 

0.34 

$ 7.66 
1.08 
3.76 
8.33 
3.18 




timber. 





Sundry labor. 

Total labor. 

Explosive. 

Timbwr. 

. . 



3.18 

$3.12 
l.*2 

0 33 

$2.84 

1.74 

0.30 


$12.75 

29.30 

0.11 

mMSm 

$24.01 

3.18 

33.84 

0.11 

2.79 

3.86 

Supplies. 

■irfTM 

0.08 


2.71 

0.29 

Drills and tools. 

i 2.32 1 

1.46 



$7 07 i 

$7.50 

$42.16 

$11.06 

$67.79 







































































































WORKING SHAFTS, METAL MINES 


7-25 


Rom duift. Homestake Mining Co, So Di^ (28); d-oompt, 14 ft by 19 ft 3 in out^ido 
steel 8^; designed for 5 200>ft depth; sets installed at end of 1934 for 3 242 ft. Sun! 
froig Stirfaoe, 137 ft; raised full siae for 250 ft from 800 levd, but wt of broken rook orushec. 
the timbering: shaft tras rused elsewhere with 6 by 6-ft pilot raises in center of shaft area 
then enlarged to sise. Steel sets (6-ft centers): plates and dividers, 6-in 25-lb H-beamp 
posts, 3.5 by 3 by */8-in angles; the 2 skipways laced with 14-gage galvanised corrugatec 
steel; ladders and sollars of steel; all steel tq>ecified to contain 0.20-0.25% copper. Upfier 
308 ft of dmft concreted solidly outside of sets, at cost of $46.27 per ft; total of 150 ft con¬ 
creted below in sections of 1 to 3 sets; elsewhere the shaft walls were gunited. Costs per 
ft of 3 241.5 ft of steel-supported shaft (1933-34): 


Esmvation 

t 

Pilot 

raim 

Enlarg¬ 

ing 

Total 

Steel support 

Shapes 

Corrug 

lacing 

Total 

Mining! Labor. 

$ 9.19 

$13.77 

$22.96 

Invoice cost. 

$21.13 

$6.35 

$27 48 

RwpInaiVMi. 

2.73 

3.1) 

S.84 

Uiiloadinip, etc. 

2.08 

2.08 

Air and drills. 

3.20 

2.54 

5.74 

InstoIUng; 



T^mbwinf. 

4.24 


4.91 

Labor. 

6.92 

1.06 

7 98 

l^aokage. 

0.34 

0.56 

0.90 

Hoist labor. 

2.15 

0.11 

2.26 

Pipe. 

0.49 

Bftf 

0.74 

Power. 

0.33 

0.33 

Hoist and hoisting. 

1.82 

1.26 

3.08 

Air and drills....... 

0.12 


0.12 

Haulage. 

0.85 

2.87 

3.72 

Mucel suppl. 

3.21 

0.13 

3 34 

Elec supplies. 



0.05 

Clips for fastening... 


0.39 

0.39 

Misoel. 

Surveying. 

1.13 

0.12 


2.36 

0.12 

Total. 

$35.94 

$8.04 

$43.98 

Total. 

$24.11 

$26.51 

$50.62 

Shaft doors, guides, ofaaire. 


3.50 





Surveying. 



0.32 





Total per ft. 



$50.32 

Total cost: 




Stations. 



$ 5.49 

Excavation (above).. 



$50.62 

Piping and wiring. 



13.82 

Steel supports (above) 



50.32 

General construction... 



0.66 

Concreting and guniting. 


11.40 

Total per ft. 



$132.31 


21. WORKING SHAFTS, METAL MINES 

Typical estimate of total cost per ft, including supervision and general maintenance, of 
sinking a vert 3-compt shaft 8 by 17-ft section to 1 OOO-ft depth is given by Elsing (20): 


Labor; 

Shaft. $30.00 

Blaoksmithing. 2.00 

Timber framing. 2.75 

Hoiatiug._ 2 75 

Total labor. $37.50 


Esplomve. $ 5. 50 

Timber. 7.50 

Power. 2.25 

Insurance. 2.00 

Miscel supplies. 7 00 

General expense. 3 25 

Total. MTm 


Moderate flow of water will inorease cost 10-15%. 


United Verde ITo 5 shaft, .Terome, .4riz. Rectangular section 7 by 14 ft; sunk in 1925 
from 2 400 to 3 150-ft level through medium quartz porphyry: 


Drilling speed, in per min. 10 

Per round: 

Advance, ft. 4,5 

No of holea.32 to 35 

Sticks of powder. 260 


Water puny>ed, gal per far. 5 000 

Cost per ft; 

Labor (drill, muck, timber). $31.85 

Explosive (except caps and fuse). 5. 21 

Total odst per ft. $52.76 


Butts district, Mont (15), operating more than 60 shafts, affords steady employment 
to specialised sinking crews. Sinking in 1920 cost approx $100 per ft, including equipment. 
Anselmo mine shaft, 3-oompt, 19 by 6.5 ft outside timbers, was then being sunk in altered 
granite and rhyolite porphyry. Labor, 5 miners per shift, on contract at $40 per ft; also 
1 shift boss and 1 topman per shift. Clipper drills (4, in hard rock 5) made round of 
30 holes in 4 hr, in 10 rows of 3 across the shaft; V-cut boles 9.5 ft deep, puint^ at 46“ 
from 4.5-5 ft collar; side holes 5.5—6 ft deep; after finishing a round, drills were overhauled. 
Powder, 40% gelatin, 100-126 Ib per round. Timber, 12 by 12-in; set placed in 1,5-2 hr.. 

Water Uly shaft (12) Eureka, Nev, 3-eompt, 15.5 by 5.75 ft outside timbers, was aunk 427.5 ft 
is 81 days (8«pt, 1920) through porphyry and 60 ft of limestone; in another month, 416 ft, all ia 
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SHAFT SINKING IN BOCK 


IhnaitoM. Bock hiriated tbrough 2 eompU. partly fined to prevent bneketefromcntehinc on tim* 
bere; non*«otetioD ropfs^ no oroMheade. A iMane was beeed on xnonthly edvutae. 3 ebefioir drill 
ronnde were more effective tben 1 or 2 deeper rounde. Seta of 8 by S-in timber idaoed 5-ft eeatem; 
lacging, 2 by 12-in. Data for record month: aver advance pw day. 18.8 ft; abaft seta plaeed per 
day, 2.8; rounds per day, 3; holea per round, 23.9; bueketa (17 eu ft) per ahift, 72.S; 9 hammer 
drills on the job; aver number in use at one time, 5; gelatin, 38% in porphyry, some 80% in fime- 
etone, lb per ft, 16.25. Regular daily wage; ehaftmen, 88.28; boistmen, 88 ; topmen, 83.78. fflialt- 
men per shift, 8.7. Timbermen per day, 4.8. Total driay for month, due to repairs and failure of 
power, 13 hr 

Porphyry shaft. Inspiration Mine, Aria, rock section 17 2/| by 13i/a ft, timbered. 2-4 
unmounted Clipper drills made aver round of 30 boles in 4 Iv. Record advance for 7 
months, Feb-Aug, 1922, 1 037 ft, in a total of 1 403 ft. 



Ft 

sunk 

Cu yd 
rock 

Man-shifta 

Shifts per ft advance 

Shifts per eu yd 

Shaftmen 

Topmen 

Hoiat- 

men 

Shalt 

Top 

Hoist 

Shaft 

Top 

Hoist 

Max month 

m 

1823 

936.6 

179.0 

93 

7.3 

1.3 


0.83 


mi 

Min month 

lEl 

1116 


164.2 

84 

3.1 

0.8 


0.36 

tsu 

tia 

Aver month 


1292 

833.4 

169.2 

90.7 

5.6 

l.l 


0.64 

iSH 

till 


Bisbee Queenshaft, Aria (29),8by 17 ft, 3 compt, no water. Sunk 823 ft from surface; 
best month’s advance, 235 ft. Contract price for labor and explosive, $40 per ft; con- 
to-actor paid $8 per man-shift ($9 if month’s advance reached 200 ft). Insurance, 5.5% 


of pa.vroll; elec power, aver, 2(1 per kw-hr; powder, 16.5^ p 

delivered. Cost per ft (1927): 


Labor: 


Power. 

.. $ 2.39 

Shaft. 

.. $30.93 

Insurance. 

2.15 

Blacksmiths. 

2.07 

Truckiug. 

.. 1.31 

riniber framing.., 

2.84 

Office and general... 

.. 2.06 

Hoistmeu. 

.. 2.77 

Preliminary exp. 

2.14 

Total. 

.. $38.61 

Total. 

.. $10.05 


Supplies; 

Explosive. 8 5.49 

Timber. 7.60 

Miso supplies. 7.40 

Total. $20.49 

Grand total. $69.15 


Wisconsin zinc district (14). In 1920, 2- and 3-compt shafts, traversing 10-40 ft of overburden 
and varying depths of rock, with not more than 500 gal of water per min, were sunk at usual rates of 
65-85 ft per month and cost $20-850 per ft. 

Ajax shaft. Cripple Creek, Colo (10), vert, 3-oompt, 15 ft by 6 ft 2 in outside timbers, was deepened 
802.5 ft below 1 481 ft in 101.'V-16. Labor: 2 8-hr ahUts, each of 4 shaftmen, 1 hoiatman, with topmen 
and skippers as needed; day shift drilled, blasted and timbered; night shift mucked and sometimes 
timbered; overtime as needed. 4 hammer drills made 40 holes per round; aver depth, 4 ft. Plates 
and corner posts, 10 by 10 in; dividers and interior posts, 8 by 10 in. Drill bits per round, aver, 
120.5. Total time, 293 days; max monthly advance, 95 ft; aver ft per round, 3.03. Per ft advance, 
aver: maclune-efaifts, 1.3; sinking hoist-shifts, 0,86. 



Aver wage 

Per ft 

Drillers. 

. $5.25 

$ 6.51 

Muckers. 

. 4.50 

6.47 

Timbermen. 


5.11 

Hoietmen. 


3.75 

Shift boBBee. 

. 5.00 

1.51 

Machinist, blacksmith. 

. 4.50 

0.49 

Topmen, skip^ra. 

. 4.00 

1.19 

Pipemen, repairers. 

. 4.00 

0.74 

Total labor. 


$25.77 


, Per ft 

40 and 60% powder, 20.7 lb @ 19.42^.... $ 4.02 


Fuse, 143 ft 0.6^. 0.86 

Caps, $1.75 per 100. 0.24 

rimbei, 232 bd ft, $28.33 per M. 6.57 

Machine dxiils. 1.79 

Pipe. 1.53 

Iron and eteri. 1.01 

Miscri. 0.91 


Total suppUes. $16.93 


Hoisting waste, @ 606 per skip. $5.61 

Air fur drills, @ %2 per machine shift. 2.65 

Air for sinking hoist, @ $2.50 per shift. 2.14 

Sharpening steel, @ 106 per bit... 4,18 14,58 


Total cost per ft..... $57.28 


Macaasa mine, Kirkland Lake, Out (30). Vert 3-compt shaft, 9 by 17 ft rook section. 
Timbering, 8 by 8-in, sets at 7-K centers; bd ft per ft of depth, sets 85.0, blocking 17 
sheat|ung 5.0, guides 12.5, total 119.7; plus 18 linear ft of 8-in poles for laggin g- 38 holea, 
300 ft drilled per round by 4 drills. For cost of sinking plant, see Art 3. Wage scale: 
ehaftmen $6 plus bonus, aver about $K 30 total; boistmen $5.20, deckmen $4.16 per shift, 
topman $150 per month, all plus txmus; blaokamith $7; surface laborers 40(1 per hr. 
Jdiw-hr and costs per ft (1031-^2): 




























































7-27 


WOBKXNO SHAFTS, METAI< HINB8 



Co«t per it of depth, Apl, 1932 


per ft 
depth I 

07«lt) JX 



Drilliag end blaitiiig. t.32 

Muoldog... 11.53 

Timberiiig. 2.61 

Hoisting. 4.44 

Deokisg and disposal. 7.90 

Ventilation.. 

Pumping and drainage 0.65 

Concreting collar. 

Supervision and work¬ 
men’s compensation 2.80 

Miaoelianeous. 4.21t 

Total direct. 42.66 


super* 

vision 


810.36 

10.88 

3.54 

2.99 

3.57 


836.17 


86.62* 


Power 

£x- 

iflostve 

Timber 

Con- 

orating 

collar 

O^er 

sup- 

plies 

Total 

82.90 

86.37 

8.... 

8.... 

80.22 

826.49 





0.17 

11.05 



6.09 



9.63 

2.97 




2.22 

8.18 





0.03 

3.60 

0.05 





1.57 

0.54 




1.70 

2.24 


» • s • • 


0.22 


0.22 






4.81 

0.12 

* • S • s 



0.51 

0.63 

86.58 

86.37 

86.09 

80.22 

84.85 

868.42 


Total cost per ft. 870.93 

* Includes 83.06 labor, 83-56 material, t Includes 3.28 man-hr of blacksimthing, steel sharpen¬ 
ing, drill repair and general surface. 

Maemm No 7 shaft. Aria (7); 7.5 by 16.5 ft. Ck>sts for 1 465 ft of depth (1931): 


Preparation and plant expense 



Labor Supplies 

Total 

Hoist installation.. 

. 8886 

8568 

81 454 

Headframe. 

. 976 

574 

1 550 

Collar. 

■ • • » ■ 

• • • ■ 

1 623 

Change room. 

. 318 

440 

758 

Stations. 

. 928 

211 

1 139 

Tail drifts. 

. 913 

232 

1 145 

Total. 



87 669 

Total per ft of shaft.. 



85.24 


fUnldng erew (per ft) 


•nggers. 8 4.39 

Shaftmen. 10.37 

Toplanders. 2.62 

Bonus. 22.03 

Total. 839.41 


Total cost per ft 

Preliminary. 

Sinking crew (above). 

Explosive. 

Timber. 

Compressed air. 

Hoisting. 

Pumping. 

Air and water lines..... 

Power lines. 

Ventilation. 

Dump. 

Miscellaneous. 

Total direct. 

Preparation and plant expense (above) 

Total cost per ft. 


Labor Supplies Power Total per ft 


8 1.71 8 1.19 8.... 8 2.90 

39.41 39.41 

. 5.54 5.54 

1.42 10.20 11.62 

. 1.16 1.16 

4.84 0.71 0.22 5.77 

0.06 0.05 0.13 

0.12 0.64 0.76 

0.03 0.02 0.05 

0.02 0.34 0.36 

0.26 0.05 0.31 

1.12 0.87 1.99 

849.01 819.61 81.38 870.00 

. 5.24 

. 875.24 


Magma Ho 6 shaft. Aria (31), vert, 4-comp, 8 by 21-ft rock section, sunk from surface 
to 2 631-ft depth. 24-hr cycle: setting up 0.5 hr, drilling 5.5 hr, blasting 1.5 hr. mucking 
13.5 hr, timbering 3 hr. Timber, 10 by 10-in, sets 4rS ft apart. Powder per ft, 25 lb 
40% gdatin. Costs (1925-28): 


Sinking plant expense 

Labor Supplies Total 


*• 500 ” h(^t*.. 



8 3 242 

“ 2550 ” hoist*. 

8 921 

8 776 

1 697 

Towers. 

1 201 

1 629 

2 830 

Collars and sheaves... 

850 

2 463 

3 313 

Skips and cages. 

2 935 

810 

3 745 

Pumps and motors.... 

3 206 

8 713 

II 919 

Change and dry room. 

3 171 

303 

3 474 

Total. 



830 220 

Total per ft of shaft. 



811.94 


Sinking crew (per ft) 


Jiggen O 86.00t. 8 3.85 

Shaftmen @ 85.50t. 16.39 

Toplanders <9 84.13t. 2.96 

Trammera @ 84.13t. 0.56 

Sinking bonus. 29.76 

Total. 853.54 


* Installation cost, t Base wage. 
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SHAFT SINKING IN BOCK 




Total ooat per ffc 

Sinking crow (above)..... 

Ezploaive. 

Timber. 

CompreiHed eir. 

Hoietiug. 

Pumping. 

Air and water linea. 

Power Unee. 

Ventilation. 

Dump. 

Misodlaneoiu. 

Total. 

Sinking plant expense (above) 


Labor 

Supplies 

$55.54 

$. 


4.12 

2.08 

14.76 

4.84 

0.38 

5.96 

0.71 

0.84 

1.72 

0.58 

2.13 

0.08 

1.38 

1.14 

0.53 

2.20 

2 28 

$71.26 

$28.01 


Power Total per ft 


.... 

1 53.54 


4.12 


16.84 

2 ! 6*1 

2.61 

1.39 

6.52 

1.32 

7.99 


2.56 


2.71 


1.46 


1.67 


4.48 


$5.23 $104.50 

. 11.04 


Total opet per ft 


$116.44 


Mttaluimbre shaft No 2, Cuba (32), vert, 8 by 2fi-ft rock sec, 4-compt, sunk 2 057 ft 
from surface; water, max 5 gal per min. f^rst 70 ft concrete-lined; supported' below 
with steel sets; plates and dividers, 6-in 25-lb H-beams; posts, 3 by 3 by t/g-in angles. 
Btdow 1 050-ft depth, double end plates used, the outer plates overlapping the ends of 
wall plates. 12 bearer seta of 12-in 31.S-lb I-beams under wall plates and dividers. Total 
steel, including pockets and stations, 541.3 lb per ft of shaft. Lagging, 2-in plank. 
Holes per round, 32-33; ft drilled per ft of shaft, 44.5; advance per round. 4.92 ft. 
Powder, 30 and *10% gelatin, 28.3 lb per ft. Power, 018 kw-hr per ft. (1929-31). 


Cost per ft of preparing site, and sinking equipment 



Labor 

Suppl 

Total 


Labor 

Suppl 

Total 

Eng’g and suitcrvieion. . 

. $0 .51 

$0.08 

$0.59 

Blower. 


$0.64 

$0.64 

Preparing site. 

. 0.20 

0.04 

0.33 

Bin and dumping gear. 

$0.24 

0.47 

0.71 

Concrete collar. 

. 0.74 

1.48 

2.22 

Buckete.... 


0 24 

0.24 

1.57 

Transformers and lino... 

, 0,43 

1.01 

1.44 

Drills. 


1.57 

Water and air lines. 

. 0.36 

1.70 

2.06 

Drill hose. 


0 33 

0.33 

Hoist and headframe.... 

. 0.61 

. 0 01 

5 66 
0.50 

6.27 

0.51 

Drill steel. 


0.83 

0.83 

Hoist house. 

. 0.08 

0.29 

0.37 

Total. 

. $3.27 

$14.84 

$18.11 


Man-hours and total cost per ft 



Man-hr per ft 

Cost per ft 

Direct 

Indirect 

Total 

Total 

labor 



Oenerai 

enpensc 

Total 

Engineering and supervision 

9.16 


9.16 

$ 6.80 

$ 0.04 

$. 

$. 

6.84 

DrUIing &. blasting. 

8.55 

4.18 

12.73 

10.42 

0.93 

3.69 


15.04 


1.71 


1.71 

1.40 




1 AA 

Mtiftkinnf.. 

17.97 

3.25 

21.22 

16.90 

1.45 



18 35 

Rh&ft fiu|$pArt... 

7.92 

7.15 

15.07 

12 34 

45.05 



57 39 


2.36 

1.22 

3.58 

2,93 

3.74 



6l67 


1.78 


1.78 

1.46 

.85 



2 31 

Hniiittng. 

9.63 

3.46 

13.09 

9.00 

4.19 

7.17 


20 36 

Dumping and rock disposal.. 

3.19 

4.86 

8.05 

3.02 

0.44 


3 46 


0.16 

0 90 

1.06 

0.87 

3.21 

0.70 


4 78 

1 r. 

Water and air lines... •. 

1.07 


1.07 

0.88 

0 03 

0.10 


1 01 






6.70 



6 ^ 

Contract bonus and crew exp 







16 72 

16 72 

Shop charges and miso repair 

.... 


• • • I 




4 50 

4^50 


63.50 

25.02 

88.52 

$66.02 

$66.63 

$11.66 

$21.22 

$165.53 


Pr^raring site and sinkiop equipment (above). IS. f I 


Pr^raring site and sinkiop equipment (above). IS. f I 

Total cost per ft... $163.64 


22. WORKING SHAFTS, COAL MINES 

No S61 mine, 3 hoisting shafts, Caretta, W Yb (33). Skip shaft, rectangular with 
oval ends, 12 by 28 ft on a-'ies of rock sec, 563 ft deep. Manway shaft, same shape, about 
16 by 29 ft, 572 ft deep. Both sunk from surface trough sandstones and shales, water¬ 
bearing for first 300 ft; about 200 ft in each shaft were grouted. Conorete-lincd, steel 
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bonto&s; no temporary timbering required except near rarfaoe. Cenerete, ou 3rd per ft 
of Asft.: akip shaft, 8.87; manway 4.48. Porter 40% geUtin, lb per ft: skip shaft, 
15.3 ^ manway, 19.8. Man-hr and costs (1922-23): 


Man-hoisr per ft 

Skip shaft 

Manway 

Man-hour per ft 

^p shaft 

Manway 

Drilling, blasting. 

Mucking. 

m 

22.2 

43.8 

10.2 

26.6 

15.3 

5.3 

Rock disposal and miseel 

iiimiH|ii 

3.4 

9.6 

15.3 

Guides, bunions. 

Concreting. 

Mieoel, including grouting. 
Supervision. 

Pumping and piping. 

105.3 

151.9 


Cost per ft 

Skip shaft 

Manway shaft 

Labor 

Supplies 

Total 

r.Abor 

Supplies 

. Total 

Excavation. 

Concrete. 

Guides. 

Buntone. 

Formwork (surface). 

$ 57.50 
25.30 
1.34 
3.06 
0.20 


$106 24 
62.30 
3.87 
7.67 
0.33 
3.58 
24.60 

WM 

1 

$139.90 
69.98 
4. >2 
11.60 
0.27 
3.69 
27.20 
0.70 
3.63 

Grouting. 

18.80 


Mieoellaneous. 


mum 


Total. 

$106.20 

! $104.39 1 

$210.59 



$261 09 


Ho. 861 mine, air shaft (33), circttlur, 19 ft rock diam, concrete-lined to 17-ft inside diam, M3 ft 
deep; sunk from surface near the preceding Grouting (or depth of 168 ft. Concrete, ou yd per ft 
of shaft, 2.62; powder, 40% gelatin, 13.7 lb per ft. Man-hr and costs (1922-23): 


Man-hr per ft 


Costs per ft 


Drilling, blasting. 18.4 

Mucking. 32. 5 

Guides, buntous. 3.4 

Concreting. 18 3 

Hoisting. 11.6 

Pumping and piping. 3.5 

Rock disposal and mieoel surface 1.9 

Mieoel, including grouting. 4.6 

Supervision. 

Total. 106.0 



Labor 

Suppl 

Total 

Excavation. 

$51.90 

$45.57 

$ 97.47 

Concrete. 

16 30 

23.70 

40.00 

Formwoik (surface).. 

0.08 

0.06 

0.14 

Reinforcement. 


0.15 

0.15 

Grouting. 

11.19 

1.82 

13.01 

Piping. 

1.00 

1.80 

2.80 

Miaoellancoue. 

1 68 

1 12 

2.60 

Total. 

$82.15 

$74.22 

$156.37 


Sevier Valley shaft, Utah, (7); vert, 3-compt, 17 by 25-ft rock sec, 182 ft deep; 
concreted. Coats per ft (1924-26): 


Sinking labor: 


Boeees.. 

. $ 7.00 

Shaftmen. 

. 18.50 

Hoistmen. 

_ 5,00 

Topmen. 

. 4 60 

Other. 

. 5.00 

Total. 

. $40.10 


Total sinking: 

Labor. $40.10 

Explosive. 3.56 

Mieoel. _7 

Total. $51,60 


Concreting: 

Labor. $ 42.00 

Bonus, eng’g, super¬ 
vision. 5 43 

Supplies. 1 17. 50 

Total concrete... $ 164 93 
Total sinking.... 51.60 


Total cost, pei ft $216.53 


23. WTTWATERSRAHD SHAFTS 


Shafts of large capacity on the Witwsterarand, So Africa, rectangular and timbered, 
were estimated (19) in 192(>-21 to coat approx £40-£50 per ft, or, at aver sterling exchange 
of $3.75 then prevailing, $150-$190 per ft. 

City Deep, Ltd. Low hoisting capac and cost of sinking and maintenance in heavy 
ground precluded use of inclines below 5 300-ft depth; hence, for 7 OOO-ft depth, a vert 
circular shaft of 20-ft dear diam was designed to hoist 2 000 ton ore daily, handle all men 
and suppiiea and paas 300 000 cu ft sir per min. Hoisting jdanned in 2 stages of 2 500 and 
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4 fiOO ft, lower stage being the ahorter to reduce aiae and beating effect of underground 
eleotric hoist. Shaft comprises 2 cageways, with pipe and cable space (no ladderway); 
concrete-ring supports (Art 15) carry wooden sills outside cageways, for attachment of 
pipes, cables and guides, the latter acting only on one aide of'cage, without central dividers. 
Siting plant: 18 by 64-in direct-acting steam hoist, drums 7 by 3 ft; 15 |>y 80-in geared 
hoist; 18 by 48 bailing engine; 3-ton buckets; 40-in Sirocco fan. 9 water-fed sinking 
Leyner drills made 35-40 holes per round; aver advance, 2 ft per 8-hr shift Water, 
30 000 gal per day. First 2 950 ft (in firm rock), sunk in 1920-21, cost dB29-6s per ft, or, 
at aver sterling exchange of $3.75 then prevailing, $110 per ft (19). 

Government Gold Mining Areas. Southeast 7-compt shaft was sunk 233 ft from 1 738 
to 1971 ft, during Mcb, 1912. Rock: 155 ft quartsite, 78 ft shale. 7-lb hammers used in 
douUe-hand drilling (benches drilled single-handed). Ventilation by brattice. Water 
was hoisted. (An example of sinking with band drilling, now largely replaced by machine). 


Labor per shift: 

I White foreman 
I White oaeiatant foreman 
82 Native driltere (a) 

4 White timbermen (a) 


11 Native helpers 

Sise, rook see. 45 by 10 ft 

Number holes per round. 40 to 45 


(a) Timbermen worked 1 shift per day, drillers 3 


Depth holes. 3.5 to 5 ft 

Avo'advance per mo. 194,3 ft (5) 

Water, gal per min. 21,0 

Timber, pitch pine: 

Wall plates. 9 by 9 in 

End-plates. 9 by 9 in 

Dividers. 7 Iw 9 in 

Guides. 4 by 8 in 


S-hr shifts, (b) Aver of Jan, Feb, Mcb, 1012. 


Randfontein ventilation shaft, circular, 23.5 ft 
rock diam, 22 ft inside lining. Crew, white fore¬ 
man and 40 natives per shift. Round, 58 holes. 
Lined with concrete, lowered in self-dumping buckets 
to sinking platform. Costs per ft (1925-27) are 
converted at aver sterling exchange then prevailing 
of $4.85. 


Sinking 3 421 ft of shaft.... 8 71.78 
Concreting 3 071 ft of shaft. 37.20 


Hoisting. 14.93 

Shaft equipment. 9.98 

Surface equipment. 24.05 

Total cost per ft. 8157.94 


Simmer & Jack Mines, Ltd; 6-compt, 13.5 by 38-ft rock sec, designed for 6 350-ft 
depth, started 1934. Water, 400 gal per min, pumped into skips. Sinking crew, 2 whites 
and 60-66 natives per sbift. Drilling aver round of 104 holes, 5 ft deep, with IS drills, 
requires about 3.5 hr; mucking, 4.5 hr. More than 5 000 ft of shaft was sunk at aver of 
204 ft per month. Timbering, 9 by 9-in pitch pine, 239 linear ft per set; interval of sets, 
6 ft. Bearers of steel H-beams every 100 ft. 

Vlakfontein No 1 shaft, vert, 6compts in line; 14.5 by 43-ft rock section. Round oi 
100 hides: cut holes, 7 ft deep; others, 6 ft; 18-20 hand-held drifter drills; drilling 
time 2 hr, 46 natives at rfiaft bottom. Mucking crew, 80 natives; mucking time for 
225 tons, usually 4 hr. Period from blast to blast, 7 to 9, usually 8 hr. Advance, 13-14 ft 
per day; month of Mcb, 1936, 422 ft: aver for 8 months, Feb-Sept, 1936, 350 ft. Pitch 
pine timber: 9 by 9-in plates and dividers; 8 by 8-in corner posts; 4 by 10-in inner posts; 
sets 6.75 ft c-o. Steel bearers under end plates, and under dividers between compts 2 and 
3, 4 and 5, and 5 and 6. Bearers for compts 4, 5 and 6 placed every 100 ft, others every 
200 ft. Timbering crew, 2 timbermen and 16 natives, working during drilling period. 

This is one of the most recent shafts sunk on the Rand. 


24. SHAFTS WITH CONCRETE LININGS 


Edith shaft. Jerome, Arix (35), 3-compt, rock sec approx 17 by 8 ft, was concrete-lined 
in 1921; mixture. 1:2:5. Upper 576 ft and 2 stations (Section A, see below) lined by 
contract, company paj «ng actual expenses, contractor receiving bonus of half the saving 
bdow successful bid; in lower 630 ft with 5 8tati<»is (Section B), labor received bonus 
on aver daily progress iev entire job. In both cases ground was practically the 
^ma, and shaftmen received current shaft wages aside from bonus. See following table 
fw details. 
















SHAFTS WITH COHCBBTB UNINGS 7-^1 


Seotion A: 575 ft depth; 1251 
cu 3 ^ Coxutrete; aver ad- 
vanes par working day, 
7.2 ft 

Saetion B: 650 ft depth; .1174 
on yd eoaoreta; aver ad¬ 
vance per working day, 
9.1 ft 

Labor, 

inoluding 

super¬ 

vision 

Cement, 

Backs 

d$I.IO 

Sand and 
gravel, 
ou yd 
@$2.50 

Power, 

kw-hr 

@2^ 

BMnforoe- 
ment, lb 
@ $0.10 

Lum¬ 
ber for 
forms 

Bonus 

Total 
east 
per ft 

Per ft lined: 

Section A: quantity. 

1 

II.4 
12.56 
9.9 
10.92 
10.6 
11.70 

2.6 

6.51 

2.3 
5.69 

2.4 
6.08 

44.1 

0.88 

46.5 

0.93 

45.4 

0.90 

to 

1.00 

10 

1.00 

to 

1.00 

mM 

llll 


cost. 

Seotion B: quantity. 

$15.35 

1.50 

5,35 

43. IS 

cost. 

Total lining: quantity. 

$ 8.04 

1.50 

3.26 

31.34 

cost. 

$11.53 

1.50 

4.26 

36.97 

Pm ou yd concrete; 

Section A: quantity. 


5.3 

5.87 

5.3 

5.86 

5.3 

5 86 

1.2 

3.04 

1.2 

3.05 

1.2 

3 05 

20.6 

0.41 

25.0 

0.50 

22.7 

0.45 

4.7 

0.47 

5.4 

0.54 

5.0 

0 50 




coet. 

Seotion B: quantity. 

$ 7.17 

m 

2.50 

20.16 

cost. 

Total lining: quantity. 

$ 4.32 

0.80 

UQ 

16.82 

cost. 

$ 5.78 

6.75 

SI 

18.52 


CoBt of supervision: Section A, 110 per day; Section U, $225 per month. 


Sacramento abaft, Bisbee, Aria (36). Timbering replaced by concrete lining (1915-16) for 
1 645 ft of deptli. 1 service, 2 skip and 2 cage compartments; concrete walls cast between skipways 
and between skip and cageways; pre-cast concrete dividers, 10 by 10 in and 6 ft 2 in long, between 
cageways. Shaft remained in service 14 hr daily, with 10 hr allowed for concreting. Aggregates 
were stored in special bins on top, trammed through adit to shaft sc 71 ft below collar and chuted to 
nuxer located 1 set below. 

For delivery to and design 
of forms, see Art 14. Aver 
wall thickness, IS in; thin 
lining and all partitions 
reinforoed. Concrete poured 
at 3 diderent horisons in 
rotation. Shaft crew: 2 
men in each compt, 1 pipe- 
man, 1 foreman, total 12. 

Mixer crew: 1 man mea¬ 
suring aggre^tes, 4 tram¬ 
ming, 1 helping to dump 
cars and measuring cement. 

1 tripping to miser and 
measuring water, 1 fore¬ 
man discharging mixer, 
total 8; when mixer was 
idle, its crew pre-cast the 
dividers or handled timber. 

Aver time per 5-ft course: 
loading tools and cleaning 
shaft, 30 min; removing 
timbers, 98 min; raising 
and setting forms, 84 min; 
connecting concrete pipe, 

28 min; mixing and pour¬ 
ing, 78 min; unloading 
cages and cleaning tools, 

17 min; miacel, 39 min; 
total, 6 hr 14 min. At 6rst, 

1 course was completed in 
8 hr; later 2, and once 3 
courses in 10 hr. Aver 
wages per day: shaftmen, 

$5.47; pipemen, $6.22; 
electrioiaas, $5.22; laborers 
at quarry, $2.40; laborers 
mixing concrete, $2. 

Spectdator shaft, Butte, Moat. In places, bad ground required use of jacket seta 
outside regular timbering (Art 13), and kept special crew constantly on shaft repair. 
SOB-ft section of timbering replaced by concrete lining, anchored by bearer rings 6 ft high, 
bitched deeply into rock waHs, with IS-in wall between bearers formed clear of rock and 
backfilled. Mixture 1:2:4. Comparative repairs: when timbered, 32 man-shifts per 
day, $5 833 per month (1920 eauivalent); when concreted (aver of 6 months in 1920). 
2.4 man-shifts per day, $389.76 per mon^ (34). 


Cost per cu yd of finished concrete (6 270 cu yd) 


Lining and partitions: 

Quarrying and crushing $1,13 

Transport to bins. 0.22 

Cost of bins. 0.34 

Cost of aggregate... $1.69 

Cement. 3.44 

Mixing. 0.56 

Cost of piping. 0.39 

Cost of forms. 0.75 

Total. $6.83 

Total expenditure. .$42 796.47 
Cost per ft of shaft. 26.01 

Pre-cast dividers; 

Aggregates. $ 1.69 

Cement. 4.13 

Labor mixing. 5.02 

Reinforcement. 3.12 

Pipe cores. 0.80 

Forms. j . 0.39 

Misoel. 0.58 

Total. $15.73 

.$3 663.32 

. 2 2? 

Cost of concreting per ft of shaft depth (1 645 ft) 

Shaft and surface altera¬ 
tions. $0.73 

Alining guides. 0,34 

Shaft labor: 

Removirg timber$3.08 

Setting forms.... 3.04 

Pouting concrete. 2.62 * 

Pipework. 1.41 

On power cables. 1.00 11.15 
Concrete (as above).... 26.Of 
Pre-cast dividers (as 

above). 2.23 

Reinforcement. 0.70 

Miscel supplies. I 4.98 

New guides, ladders: 

Labor. $0.93 

Timber. 0.41 1.34 

Hoistmen. 1.13 

SuperviHon. 2.05 

Accident compensation. 0.05 

Total. $50,71 

Credit timber. 1.70 

Net total cost per ft.. $49.01 
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SHAFT SINKING IN ROCK 


Granite Moantaln ahaft, Butte, Mont (34). osved from 1 700 to 2 800-ft level after a 
fire in 1917. To reopen in 1918, caved section eras concretedined for 1 340 ft. of which 
813 ft were first steel-framed for immediate support. Steel sets: plates. 7 700 ft of 6-in 
12A-lb I-beams; vert members 8 130 ft of 10-in 25-lb I-beams; connections, */s-in angles 
and splice bars, with t/s-in rivets. Shaft sec, 4-oompt, 20 ft 9 in by 7 ft 6 in out^e of seta. 
Concrete lining: anchored with bearers at selected points; wall, 16-20 in thick, formed 
clear of rock between bearers, and backfilled except for clearances of 4 in or lees, where 
concrete was poured to rook. Solid partitions: 10 in thick between main hoist oompts, 
9.6 in thick between main hoist and man hoist, 9 in thick between man hoist and pipeway. 
Mixture 1:2:4; total cu yd in place, 6 380; cement 38 280 sacks, sand 3 190 cu yd, 
eruriied rock 1 075 cu yd, slag 4 655 cu yd, reinforcement of 376 tons. 7 sections in prog¬ 
ress at one time. For costs see following table: 



With steel frame 

Without steel frame 


IS 

62.5 

30 

75 

Ft of aliaft concreiAcl. 


Cost per ft 

Labor 

Material 


Labor 

Material 

Total 



$ 1.34 
10.90 

$10.99 

17.45 

20.50 

17.60 

9.15 

13.35 

2.26 

4.90 


$ 0.25 
14.10 

$ 3.65 
19.30 
16.70 
7.95 
9.15 
11.50 
1.60 
3.45 

Dinnfnn^nii*. 

Rtrip and net fnrmii. 




^inji.t.<»vifk1 . 




13.35 

2.26 

4.90 

11.50 

1.60 

3.45 




Slog. 



r!nneretiii|| pAr ft. 

$63.45 

■yjRfl 

$96.20 

31.40 

4.60 

$42.40 

$30.90 

$73.30 

fltruettir&i . 

Placing steel. 

4.80 




Total per ft. 

$68 25 

1 $64.15 1 

$132 40 


MMM 



Denn shaft, Ariz (37), 2 242 ft deep, of which 2 2.10 ft were concreted to replace old 
timbering; work done during a shutdown. Shaft has 3 compts to 1 350-ft depth, including 
2 hoist and 1 large compt for piping and dinky hoist; below 1 350 ft, 4 full compts. Con¬ 
crete lining: thickness 10-36 in, depending on the ground, with S-in curtain walls rein¬ 
forced in heavy ground with I-beams. Concrete placed, 9 034 cu yd, requiring 10 934 bbl 
cement, 5 991 ton sand, 9 052 ton crushed rock, 65 750 lb celite, which facilitated removal 
of forms and kept aggregate in suspension; mixture, 1:3:5. Batch, t/3 cu yd. containing 
1.51 cu ft cement, 4.59 cu ft sand, 7.56 cu ft rock; total, 13.66 cu ft of materials for 
9 cu ft of mix. Mixed on surface and delivered by 4-in pipe to a sinking bucket with dis¬ 
charge spout, thence by iron launder to the forms. Crew, 7 men and shift boss; 3 men on 
mixer and charging chutes at surface. Ft of ahaft lined in 30 days, 455 max, 115 min 
(heavy ground), 234 aver. Total cost (reported 1932), $178 972, including about $30 000 
due to sliut-duwn, and with no credit for salvage, of which there was some. Following 


costs for concreting per overall ft of shaft do not reflect change in shaft plan below 1 

350 ft; 

costs per cu yd are absolute. 










Per 




Per 


Total 

Per ft 

cuyd 


Total 

Per ft 

ou yd 

Cement. 

. $33 569 

$15.05 

$3.38 

Direct labor. 

$ 46 159 

$20.70 

$ 4.65 

Sand. 

. 6 157 

2.76 

0 .b2 

Eng'g and supervision 

4 496 

2.02 

0.45 

Rock. 

. 11 865 

5.32 

1.20 

Hoisting. 

19 250 

8.63 

1.94 

Celite. 

793 

0.36 

0.08 

Water and light. 

3 373 

1.51 

0.34 

Steel. 

1 807 

0.81 

0.18 

Miscel. 

13 358 

5.99 

1.34 

Timber. 

2 495 

1.12 

0.25 

Total concret’g... 

$162 539 

$72.89 

$16.36 

hliscel. 

522 

0.23 

0 05 

Plant (below). 

16 433 

7.37 

1.66 

Total material.... 

. $57 208 

$25.65 

$5.76 

Total. 

$178 972 

160.26 

$18.02 

Guide pockets. 

3 989 

1.79 

0.40 





Handling materials.. 

. 11 337 

5.09 

1.14 

Cost of concreting plant 


Testing nuttorials.. . 

2 057 

0.92 

0.21 

Misins olant. 



$ 1 586 

Plant maintenanoe.. 

1 312 

0.59 

0.13 

1 Plant for handling materials, 


2 141 





Concrete forms... 



10 824 





4-in oipe column.. 



1 882 





Tot^ .. 



$16 433 





Total per ft concreted.... 


$7.37 





Total per cu yd. 

B 

$1.66 
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SHAFT-SINKING IN UNSTABLE AND 
WATERBEARING GROUND 


1. DIFFICULTIES AND AVAILABLE EXPEDIENTS 

TJndcr'ground water is the principal cause of difficauities arising in sinking a shaft in 
unstable ground, as sand, gravel, clay, or silt. Even in dry soils, the removal of lateral 
support around an excavation may cause a fall, or flow, of the materj^ into the excavated 
space, and when water is present this tendency is greatly increased. The first requisite 
of the shaft is, therefore, a lining or wall; but, if water is pumped out the ground-water 
will flow under the lining into the excavation, carrying with it the finer particles of the 
soil; or partially liquefied .clay or silt may be forced up into the shaft by the superincumbent 
weight. In such case, continued excavation and pumping may cause a continued flow, 
with Blips and falls of the ground, distortion of shaft lining, subsidence of the surface 
around the shaft mouth and settlement of the sinking equipment and adjacent buildings. 
This situation may prevent further progress, except by a change of method. Hence, 
sinking methods requiring pumping have been largely replaced by those in which pumping 
is unnecessary. 

Boulders in soft ground often cause trouble and expense. They may force the shaft 
out of plumb, or their removal may require excavation to some depth below the lining, 
at the risk of flow of the surrounding ground with the consequences noted above. The 
presence of many boulders may cause large and unforeseen increase in cost, or even 
jeopardise success. 

Seal to nock. The shaft having been stmk to rock, or other stable and impervious 
stratum, a watertight seal must be made between the shaft lining and the rock, and this, 
at a depth where the hydrostatic pressure of the ground-water is a maximum, may be 
difiicult. 

Lateral pressure against the shaft lining varies in different kinds of ground and increases 
with the depth. Pressure per sq ft above ground-water level is usually not more than 30 
lb per ft of depth below surface; below ground-water level, rar^y more than 60 Ib per ft 
of depth below surface, except that in partially liquefied clay or silt it may reach 90 lb. 

Borings. The success and cost of shafts are so dependent upon the nature of the ground 
that careful preliminary study of subsurface conditions must be made. The borings are 
often too few in number or too inconclusive, and a shaft is sunk under adverse conditions 
which might have been avoided by locating it elsewhere, or which could have been more 
easily and cheaply surmounted by adopting some other method. Borings in soft ground 
are usually of the kind known as' 'wash borings” (Sec 9), which may be of little value unless 
properly sampled in their original and undisturbed position in the ground strata. 

Methods of sinking in unstable ground are now well standardised. Older methods, 
such as vertical poling boards (analogous to the method used for tunneling), lining the 
shaft by horis timbers suspended from trusses across the shaft mouth, or vertioal shields 
jacked down below the timber lining, have been replaced by cheaper and more reliable 
methods. Among these are: 

(a) Wood or steel sheet-piling, braced by horis timbers or steel beams; or wood lagging 
placed horisontally between the flanges of steel beams, which are driven in advance of the 
excavation. These methods may be used to depths of 50 to 75 ft, or more, in dry ground, 
or where the water level has been previously lowered by pumping. 

(b) Drop-shafts, with walla of reinforced concrete built above the surface, which sink 
as excavation advances. This is usually the cheapest and most reliable method for depths 
of 50 to 200 ft, or mor.'. 

(e) The pneiunatic method, which is generally used in connection with drop-shafts 
in sinking through quicksand, or strata of boulders below the ground-water level, or when 
the ■oftli n g of the shaft to rock may be diflficult. The limit of depth attainable by this 
method is about 115 ft below the ground-water level. 

(<f) Forced drop-shafts, for depths not attainable by ordinary drop-ehafts. 

(e) Freezing method, which is used for very deep shafts luso. 

(J) Grouting methods. 
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2. SHEET-PILING 

Wood theot-pUlns may be used as a temporary lining for small depths above water* 
level (Fig 1). This oonsiats of planks, 10 to 12 in wide and 3 to 4 in tiiick, driven vertically 
around tiie sides of the excavation and braced by horis timbers. The edges of the plank 
are usually tongued and grooved (Fig 2), or splined (Fig 3). The piles are set up in the 
bottom of a preliminary pit, around two sets of horis bracing v^ich serve as a guide frame, 
imd are driven by hand, or by steam or air hammers, as excavation advances. Usually 
the piles are not more than 24 ft long 
and, if this length is not sufficient, two 
or more drives of piles are made, succes¬ 
sively deeper. As each drive, below the 
first, must bo set to dear the bfeast 
timbers above, the necessary excava¬ 
tion is thus increased. If cross-bracing 
is required it will interfere with the 
driving of the piles below, and it is 
therefore desiraUe, w'hen the horis di¬ 
mensions of the shaft permit, to drive 
the pilesaround octagonal frames (Fig 4). 

Lowering the ground-water level, by 
use of weil-pointB, is often possible with 
wood piling. Well-points are perforated 
pipes, usually 2.0 in outside diam and 3.5 ft 
long, connected with 1.5 to 2-in pipes and 
driven 3 to 5 ft apart around the space to 
be excavated. The tops of the pipes are 
joined to a header pipe, just above water- 
level, and a pnmp is connected with the 
header. The bottoms of the well-points 
should not be much more than 25 ft below 
the pump. Pumping should begin some 
time in advance of the excavation, depend¬ 
ing upon the nature of the ground. Lowering 
the ground-water level is most successful in 
medium and ooane sand and gravel. In 
very nne sand, clay and ailt it is rarely feasible. The location of the well-points, when used in 
connection with wood sheet-piles, is shown in Fig 4, 5. 

Wood lagging is a method of temporary shaft lining, which has recently come into use 
(Fig 5). It consists of square-edged wood planks, 10 to 12 in wide and 3 to 5 in thick, 
placed as the excavation advances behind the flanges of previously driven vert steel 
H beams. The steel beams are braced by sets of horiz timbers or steel beams. They 
may be 12 in deep, 5.3 lb per lineal ft, or larger or smaller, as required; driven to their full 
length in advance of the excavation, by steam or compressed-air hammers, and may be 
pulled out and salvaged on completion of the permanent lining. This method is appli¬ 
cable to depths of 60 ft or more, in dry ground, or to about 25 ft below original ground- 

water level, when this can be previously 
lowered by woll-points, as already described. 
But the feasibility of the method depends 
upon whether the steel H-beams can be driven 
in proper location. With many boulders 
this may not be possible. The ground-water 
level can n(A be lowered below the tops of 
the well-points, and when these are driven to 
rock the water level may be 4 or 5 ft above the rock; in which case it may be necessary 
to use vert sheet-piles, wood or steel, to complete the excavation to rock. 

Steel sheet-i^es can be used as a temporary or permanent lining. ^ These are rolled, 
with edges which interlock with each other (Fig 6), in a great variety of widths and weights, 
and in fiiat, U-shaped and Z-ehaped sections. Widths arc from 8 1/2 to 19 s/s in, weights 
per ft, from 21 to 64 lb, and the section moduli from 1.4 to 9.3-in cubed. They are 
rolled by Carnegie-IUinois Ste^ Co, Bethlehem Steel Co, Inland Steel Co, and the Jones 
A Laugblin Co, in the U S, and the Larsen, Kioeckner and Hoeseb sections in Gennany. 

The special advantage of etsel sheet-piles ia that they ore driven in advance of the exoavatioa to 
their full length, down to rock or other impermeable stratum. Thera is thus a shield between 




Fig 2. Tongue and 
Grooved Sheet Pile 


Fig 3. I^Hned Sheet 



Fig 1. Vert Sheet-piling 
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tiie aurrounding ground and the excavation. Sted aheet-pilea ate braced by aeta of boiia timbers 
or ateel beams, placed aa excavation proceeds. In very soft ground the piles when exposed by 
excavation may be bent.inward by ground premure, to obviate which temporary bracing may be 
required at short vert intervalB. Joints between sheet-piles are not entirely watertight and pumping 
la often necessary. The piles are threaded into each other and set up in a preliminary pit around 
two sets of the horis bracing, used as a guide frame. They are driven by steam or oompreesed-air 
hammers, 2 or 3 ft at a time, successively around the frame until all are down to their full length. 
A permanent oonciete lining may be built inside of the aheet-pilea, after which the piles may be pulled 




and aalvaged. Shafts can be aunk to 7S ft depth by using steel pilea, except in presence of many 
bottldera. 

In general, a combination of methods ia used for sinking (Fig 7); wood sheet-piles, or wood lag¬ 
ging between vert steel bemna, down to water-level, and steel sheet-piles below. Most of the 
excavation by any of these methods can be done by clam-shell or orange-peel buckets, operated by 
a stiff-leg derrick and a three-drum hoisting engine. The boom of the dwrick should be at least 
60 ft long, so that the moat and hoisting engine may be set far enhugh from the shaft mouth to be 
unaffected by the sinking operations. 

Coat of Blinking is usually least for bvtris wood lagging. Steel piling eosts more than the 
other modes of support, but can be used in partially liqtiefied clay or silt, where other 
methods are not feaaiUe. At preaent-day prioea and hourly labor rates of 40 ots for oom* 
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non labor, 75 ets for carpenters and $1 for hoisting-MiCineers, the cost of a 40-ft diaft> 
mink by each method, is about as follows: wood sheet-pilm, $13 300; wood lagging, $12100; 

steel shoet>piles, $14 000. Each of these shafts wouUl 
be 14 ft square in inside horis dimensions. The cost, 
including a permanent lining of reinforced concrete and 
contractor's profit, is baaed on the assumption that the 
steel piling and steel H>beams used in the wood-lagging 
method, would be salvaged. The cost of a shaft with 
steel sheet-piling, also 14 ft square, but 75 ft deep and 
55 ft below ground-water level (Fig. 7), would be about 
$33 600, including concrete lining and contractor’s 
. profit. In this case, however, it is assumed that the steel piling would be left in place. 

3. DROP-SHAFTS 

Shafts 50 to 200 ft deep, or even more, are now usually sunk by this method. The 
shaft widis are liuilt above the ground surface and sink as excavation proceeds. As no 
pumping is required, the water press in the surrounding ground is balanced and, except 
in soft clay or silt, there is little tendency for outside soil to flow into the excavation. 

Reinforcing. Drop-shafts arc usually of reinforced concrete. The cutting edge at 
the bottom is usually V-shaped in section, so that it will sink into the ground below the 
excavation level. To prevent injury to the cutting edge by boulders or by blasting, it is 
shod with steel plates 1/2 in thick, or more. These plates sliould extend up on the outside 
of the walls 3 to 5 ft, and to an equal, or greater, distance along the sloping inside faces. 
They are connected together through the concrete by steel diaplu-agms placed at frecpient 
intervals, and the whole shoe should be well anchored by steel bars to the concrete trails. 
The shaft walls should be reinforced horizontally throughout their height, to sustain the 
ground pressure and any unbalanced loads. Vertical reinforcement should also lie pro¬ 
vided for bending streaoes, and for the suspension of the lower part of the shaft from the 
upper, in case of inflow of ground at the shaft bottom (Fig 8). 

Friction. In order that a drop-shaft may sink as the excavation proceeds, and thus 
furnish lateral support to the surrounding ground, the friction which develops between 
the ground and outside surface of the walls must be overcome. Friction increases with 
the depth below the surface and varies in different kinds of ground: least in silt and sue- 
cesRV^ greater in sand or gravel, clay and boulders. The aver friction, between the 
surface and bottom of a drop-shaft, may be from lOU to 1 000 lb, or more, per sq ft of con¬ 
tact surface. With many boulders the friction may be very great, so that the drop-shaft 
becomes permanently locked between them. Usually the friction is from 350 and to 700 
lb per sq ft, and in most cases it is safe to estimate the aver at 500 lb per sq ft for depths 
of 100 ft or less, and 700 lb below 100-fi. To overcome or reduce the friction, there are 
several expedients. The walls are built thick enough to sustain the ground pressure and 
also to furnish the weight necessary to overcome friction, taking into acoount loss of 
weight due to buoyancy of the ground-water. 

Drop-shafts are usually sunk from the bottom of a preliminary pit, 15 to 20 ft deep, thin reducing 
the area of contact between the ground and shaft walls. The pit is backfilled after the shaft is 
finished. If the fretion is greater than anticipated, additional weight, in the form of pig iron, or 
sand, can be loaded upon the walls above the surface. Friction may sometimes be reduced by rais' 
ing the level of the water in the shaft above that of the ground-water, thus causing a back flow 
under the bottom of the walls and up around them; or, the water in the shaft may be pumped down 
below ground-water level, thus causing a flow of ground-water into the shaft. This must be oan- 
fully done because of the danger of an inflow of soft ground. 

Jetting around a drop-shaft by water or compressed air is often eflective in reducing friction. 
Piping for this purpose must be installed in the walls as the drop-shaft is built. Jetting nozzles 
nrs usually placed at two levels, one 5 to 8 ft above the bottom of the walls, the other 8 to 12 ft 
above the first. The noszles are 1-in diam and dtsoharge horisontally, or upwards at an angle of 
221/2 degrees from the vert. Each sot of nozsles is connected by 2-in pipes with a horis header 
2 Va to 4-in diam, and each header is connected with the top of the shaft by a 4-in riser. The 
nozsles should be abou' 5 to 7 ft apart horisontally; sometimes an additional set, discharginx 
vertically dowmwards, is placed in the shaft walls. 

When other means are not effective, light chargee of dynamite, exploded in the shaft bottom, 
may atari downward movement. This may be done in combination with the other expedients. 

Sinking. Excavation ia done by orange-peel or clam-shell buckets, operated by the 
equipment described in Art 2. The shaft must be kept vertical and, in uniform ground, 
this con be done by excavating uniformly around the cutting edge. Deviation from the 
vartical may be remedied by excavating on the high side, or placing additional weight 



Fig 6. Lackawanna Steel Sheet File 
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(A that aide. It ia eapeoially important to keep the 
ahaft vertioal duiiniT the early part of the rinkiag. 
It ia tometianea deairatde to mnk a deep shaft in two 
aeotiona, the lower aection from the bottom of the 
upper aeotion. An eocample of thia is a dtaft for the 
St. Albert Colliery, St. Albert, Canada (Fig 9). 

If boulders are encountered, the ground under them 
may be out away until they roll into the excavation, 
but care must be taken to avoid an inrush of ground 
and diqilacement of the shaft. Drilling and blasting 
fay divers may be required. It is important to keep 
the weiidit of the shidt well in excess of the resistance 
due to friction, or to make use of the other expdSienta 
already mentioned, so that the cutting edge may 
always be buried m the ground below the bottom of 
the excavation. This is especially necessary in very 
soft ground. 

Sealing to rock. When the cutting edge has 
reached rock or other firm stratum, a watertight 
connection must be made between the shaft bottom 
and the rock. Just above the rock level there is 
often a stratum of boulders, gravd and sand, throu^ 
which the ground-water flows under heavy press. It 
may then be necemary to use the pneumatic method 
(Art 4). It is possible, however, to seal the whole 
bottom of the shaft with concrete and grout with 
cement around the shaft bottom, through holes drilled 
through the concrete. The concrete is then removed. 

The sealing of the St. Albert shaft is an example. The 
upper section of shaft was sunk 107 ft through sand and 
clay, and 13 ft into a 25-ft stratum of clay, the presence 
of which made it easy to pump out the upper shaft, and 
start the lower, which was sunk through the rlay stratum, 
and sand and gravel below it, to rock at 200 ft depth. As 
the rock was soft shale it was excavated by orange-peel 
bucket until the cutting edge reached a depth of 21.5 ft. 
A weighted wooden box of conical shape (Fig 10) was then 
lowered, and concrete (1-2-4 mixture) placed around' and 
over the box until the whole shaft bottom waa sealed. The 
concrete was placed by covered buckets, lowered through 
the water and emptied through their tnpping bottoms. 
After allowing the concrete to set the shaft was pumped 
out and cement grout was forced into the surrounding 
ground through holes drilled through the concrete. When 
the grout had set the concrete plug and the wooden box 
were removed in sections iFig 10). Only a small infiltra¬ 
tion of water occurred, which was soon stopped by fine 
materials flowing in from the surrounding ground. 

Cost. At present day prices and labor rates 
(Art 2) and including contractor’s profit, the cost of 
a drop-shidt, 14 ft square in inside dimensions, sunk 
and sealed without unusual difficulty, would be $460 
to $500 per vert ft. In Art 2 the cost of a shaft 
14 ft square inside and 75 ft deep, sunk with steel 
aheet-pflos, was given as $33 (X)0. A shaft of same 
mae, sunk as a drop-shaft, would cost about $37 200. 
In the first case the depth is almost the limit to which 
a shaft can be sunk by pihng, while drop-shafts can 
go to much greater depths at a decreasing cost per 
linear ft, as depth increases. In presence of boulders, 
ainking by steel pihng would involve difiSculties that 
might prove insurmountable, whereas, with drop- 
ahafts boulders are readily handled unless present in 
great numbers, and even then they can be removed 
by unng the pneumatic method (Art 4). For very soft 
ground, however, sted piling has a very defimte place. 
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Fig 9. Drop-ehaft in Two Sections 
St Albwt Colliery, Canada 
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1. Shaft 8 , Roondoot aiphOBt CaMUU atvednct. The oaiaBoii for sofHvound portiooa of aheft . 
was eylindrioal, 26 ft outeide diam. walla 2 ft d is thick. Shoe wae built of O.fi by 2(Mn eteai platee. 
with 4 by l-in filler at otHtuig edge, and waa anohored to ooncrete by 80, Vi by 80-io roda, attached 
alternate to inner and outer platea. Concrete conaiated' of 1 cement, R aand, ^ atone. Inner 
and outer forma were of 2 by 6 dn vertical wood lagging, supported by an^e-iron rbi 0 , tied through 
walla with t/g-in roda. Caiaaon waa built in 5- and 104t lifta to full depth of 56 ft, Ulta bmng 
bonded together by l-in vertical reinforcing roda, 4 ft oo. 

Finiahed ahaft waa 10 ft 8 in by 22 ft in clear. Boringa showed 60 ft aoft ground, the upper 
6 ft bring sandy loam, and the reet a material* reaembliug blue clay when dry, but was eompletriy 
saturated in place, flowing “like cold molaasea and very sticky.” On bed rock, and surroimded by 
soft aoU, were numerous hard boulders of aU rises. The shaft site waa leveled, shoe aaaembled upon 
short planks laid on ground, and concrete forma started. 5 ft of concrete waa placed and allowed 
to aet for a week; 10 ft more was then placed and when sufficiently set, sinking was begun. Mud 
was loaded into shaft buckets, someUmea with shovels, sometimes with water buckets, by men 
standing on plank rafts. Concrete W'ss added oe caiaaon sank. At a depth of 45 ft a layer of very 
soft mud waa encountered, which ran in under one ride of shoe, throwing caisson 2 ft out of plumb. 



Operations to be followed In numerical order: 

1. Hake grout holes and grout up as Indicated 

2. Cut away first sccUon of plug as shown 

8. Excavate and place portion of lining before cutting plug to full slee 

4. Cut away second section of plug as shown 

6. Cut away third and lust suction of plug to full opening and commence 
lining upwords 

Fig 10. Method of Opening the Seal, St. Albert Shaft 

A trendh waa therefore dug through aurface loam on high side of caisson, the material from it waa 
piled againat low ride, and when einking was resumed the caisson straightened up. About 6 ft 
from rook, the shoe was stopped by boulders for long enough time to allow mud to stick to orisson 
walls, so Uiat after boulders were blasted out it waa necessary to load caiaaon with 200 totu of c^y, 
and also to agitate the mud with compreaaed air blown through 1 . 2 a-in pipes built into the wad. 
A layer of hardpan waa found just over the rock, into which the cutting edge sank deep enough to 
seal the ooioaon automatically. Average progress, from building shoe to sealing of caisson was 1.2 ft 
per day, including concreting and delays. Cost per ft, before 1914; concrete and shoe, 161: labor 
excavating, 839; general expense, 132; total, 8133. Before sinking waa stopped by boulders, at 
depth of 50 ft, skin friction was less than 380 lb per sq ft; afterward, at same depth, over 500 lb. 

n. Crilier^ ehaft for D, L fli W RR Co, near Wilkes-Barre, Pa (Fig 11 ). Caiaaon waa id concrete, 
reotangidar section, witn rounded eomeni, and divided into 3 compartments by cross walls. End 
compartments were arranged to permit further subdivision by timber buntona. Outride dimensions, 
28 by 50 Vs ft: total height 90 ft. Tliiekness of walla at bottom: sides 7 ft; ends, 5 ft 4 in; outer 
aurfaeas vertical, inner surfaces iitepped, in lifts of 9 ft 8 in; thickness at top, 2 ft 8 in; main walls 
rrinforoed vertically and horiaonti^y with 1- and 1.25-in rods. At 7 ft above shoe, caisson was 
closed by an air-ti^t deck, for aealing caisson to roeje under air pressure ( 12 ). 

Ground was leveled, shoe aaaembled, and 20 ft of concrete placed. Sinking was carried on day 
and ni^t, each shift coneiating of a foreman and 16 men in shaft. After ahoe reached rook, the 
salt ground was held back temporarily with timber blocks wedgsd into place under borisontal 
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Fig 11. Del, Lack ft Western Colliery Caisson. (Fng Newt) 


portion of the shoe. As this stratum was not firm enough to make a permanent seal, the shoe was 
undercut and shaft excavated 4 to 6 ft larger all around 
than Inside section of caisson at bottom. In blasting, great 
care was taken not to break the ledge under shoe and block¬ 
ing. Sound rock was found 15 ft below cutting edge, and a i 
wall was built up to undermde of caisson. Drain pipes dis- 
poNd oi water breaking through blooking, and were grouted 
after wall was finished and concrete had set. During oon- 
struction of this wall, water was led to the pipes by building* 
a small brick dam upon the ledge. Total depth of soft 
ground, 70 ft; average progress, including bidding of caisson 
and eonatinotion of temporary seal, about 7 in per day. Skin 
friction, somewhat less than 700 lb per sq ft. 

m. Colorado River si^on, Ariaona (17). Shaft 30 ft 
outside diwoi. WaUa 3.5 ft thick, except for 10 ft above 
cutting edge (Fig 11a). Shoe was assembled on bottom of 
a pH 10 ft deep, and concrete walls were carried up 10 ft 
before ainldng began. Sxeavation by h^d to depth of 73 ft, 
making 62 ft sunk and about same bright of walls bmlt in 
71 dasnt. Piunpa were used for lower 45 It. When inflow 
amounted to about 1 000 gal per min, inrushes of ground 
under shoe prevented further progress; the caisson was then flooded and dredged with a I/’g-cu yd 



Fig llo. Catting Edge of Shoe, 
Criorado River Caisson (Rivets on 
outside countersunk) 
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aIua-«lMU bueket. Ground w«a quita Arm, and after oalason had sunk 5 ft farther it stuck, although 
all ntatsrial that dredge could reach was dug out to depth ot 10 ft below shoe. Advance of 11 ft was 
made by lowering water, level inside caisson, and a further advance of 2 ft by exploding dynamito 
charges in pipes jetted down on outaide to depth of 5 ft below shoe. 16 ft more were gained by 
blasting underneath shoe, with d3mamite pla<^ by divers. Caisson then stuck fast, being held 
by akin friction of over 400 lb per sq ft. The 84 ft done by dredging to this point took fiO days. 
Successful attempt to relieve skin friction by water jetting around the outside was now made; 
by which, and with use of dynamite, the caisson was sunk to final depth of 130 ft, a further penetra* 
tion of 32 ft in 38 days. From completion of first 10 ft of wall above the shoe, 128 ft of caisson was 
built and sunk in 160 days. Max skin friction about 460 lb per sq ft even when caisson was flooded. 

nr. Two shafts for Norwood'-White Coal Co, near Des Moines, Iowa (1021), both 8 by 12 ft, 
sunk through 110 ft quicksand. Premoulded reinforced concrete sections 12 ft high, with simple 
cutting edge on bottom sec, were placed as excavation by clam'ohell proceeded. Good joint secured 
by cutting edge settling in impervious material over rook. Main shaft was nearly water-tight 
and only 8. in ont of plumb. Air shaft in poorer alinemeut and more leaky. life of mine being 
estimated at 10 yr, expensive ahrifts not warranted (20). 


4. P1VEX7MATIC METHOD 


This is generally used in connection with the drop-shaft method where there is danger 
of an inflow of soft ground; when there are many boulders below water-level; or when mak¬ 
ing the seal between shaft lining and rock proves difficult. The procedure is exactly the 
same as described in Art 3, except that provision is made in the shaft for an air-tight deck, 
to be put in if the pneumatic method becomes advisable. The space below this deck is 
filled with compressed air, to drive out the water from the interstices of the ground, so 


.Bope sheave 
iuffing box 



that men can work in the shaft bottom. 

Special equipment. The deck is of timber or reinforced concrete, designed to withstand 
the maximum air pressure that may be required, or to sustain the weight placed upon it 

for sinking. Edges of the deck project into a notch in 
the shaft walls. It is usually necessary to pump down the 
w’ater before installing the deck, which is preferably placed 
7 or 8 ft above the cutting edge. It may be advisable to 
provide an upper notch in the shaft walls, in which the deck 

can be set if the lower notch is 
under water. 

Access to the working cham¬ 
ber below the deck is through 
a cylindrical steel shaft, bolted 
to the deck and extending ver¬ 
tically to a point above groimd 
water-level. This shaft is usu¬ 
ally 36 to 60 in diam and ^/g in 
or more in thickness, as may 
be required to withstand the 
air pressure. It is made in sec¬ 
tions 10 to 15 ft long, bolted 
together with rubber gaskets 
at the joints. The shaft is 
equipped with ladder rungs. 

To prevent escape of com¬ 
pressed air tlu-ough the shaft 
an air-lock is mounted on the 
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Fig 12. Mattson Lock 



top. This is essentially a chamber with two doors and means whereby compressed air 
can be admitted to or discluurged from it. When the lower door is closed and the upper 
door open, men or a bucket can enter the lock. The upper door is then closed and com- 
premed air is admitted until the'pressure within the lock equals that in the working 
chamber. On opening the lower door, the men go down the ladder to the working chambo', 
or the bucket is lowered. To leave the working chamber, the operation is reversed. 
Several types of air-lock have been devised, but at present those generally used are the 
Mattsen lock and the Morui lock (Fig 12, 13). 


The upper door of the Mattsei? look is in the side, opening and dosing by rotating about the axis of 
the look. IIm rope by whieh the bucket is hoisted runs through a Btuffing-box in the top. The bueket 
ean not, therefore, be hoisted through the. top, but must be dumped through the si^ or the 
hoisting rope may be detached and another hooked to the bueket. The upper door of the Moran look 
ie in the top, and is in two seotions wbieh dose around the hoieting rqpe; or, in another form, there 
is a siuide door dosing around a slot provided with a stuffingdmx, which is vertically above the 
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ooatec of tbo low door. When n bnekot it lomrod into the look it it tming over until the hoiatinc 
rope entert the ttofBnf^toz. end the dow it oloaed. The tir in the lock hnvi^ berai equehted, 
the lowei door ia opened end the backet lowered into the woricing chamber. Uaually, only one 
ahaft and att*loak are required; men. bueketa and materiala paaaing through the aatne lock. Air* 
loeka ahoukl be placed above the level of the ground-watert ao that in caae of a audden loaa of ^r 
preaBura and the flooding of the working chamber, the workmen can aacape into the look. 
Excavated matenalB are ahoveled 

into bueketa and hoisted from the «_Talwist 


into buckets and hoisted from the 
working chamber by a demok and 
double-drum hoist at the surface. 
Buckets are 24 to 33 in diam and 33 
to 46 hi high, depending on the shaft 
diam and sise of the look. To facili¬ 
tate dumping, they have a steel bail 
at the top and a nng on the bottom. 

'When the excavated material 
is granular, or is soft clay, and the 
air pressure is sufficient, the spoil 
can be discharged from the worki).g 
chamber to the surface by a blow¬ 
pipe. This is a 4-in pipe running 
vertically from a point above the 
surface, through the deck and into 
a water-filled pit m the bottom of 
the working chamber. A quick¬ 
acting valve is placed in the pipe 
just below the deck. The exca¬ 
vated material is piled around the 
bottom of the pipe, the valve is 
opened for a short interval, and 
the air pressure forces the spoil up 
and out of the upper end of the 
pipe. The stream of spoil issuing 
from the blowpipe is deflected by 
an elbow, the back of uhuk is of 
chilled cast-iron to resist wear and 
is renewable. 

Compresced air is supplied to the 
working chamber by a low-pressure 
compressor, uiih a standby in case of 
breakdown. The piping, 3 to 4-in 
diam, should be in dupheate. For 
drilling, a high-pressure oompreasor 
may aho be necessary Smaller pipes 
are provided for electiio light wires 
and a signal wbislle. The pnncipal 
features of a drop-shaft equipped for 
the pneumutio method are shown in 
Fig 14. 
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to sink, by overcoming the uplift |,i ' * ■ * 

of the compressed air plus the ex- 'Botma 

temal fnotion, the walls must usu- CITY TUNNEL •*■••• 

ally be heavier than those of an CONTRACT 67 section s shaft 19 

ordinary drop-shaft, or weight is COMPRESSED air CAISSON 

added on top of the shaft, or on r "'T l l i i "i 

the deck. But, the escape of the *o*4S8l0tt 

compressed air under the cutting KsW. Drop-shaft equipped for Pneumatic Method 
edge and up the outside of the 

shaft may materially reduce the exterior friction. In ground other than soft clay or 
quicksand, the shaft may sometimes be started by suddenly reducing air pressure in the 
working chamber fthe men having left it). 

Air supidy. The air pressure may be greater or less than corrmponds to the depth 
bdow grohnd-water level. A thick bed of clay may cut off water and so reduce the 
pressure; or the water may he below such a stratum, artenan in character and under 
heavy pressure. Greater depths than would otherwise be attainable can be reached in 
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Fig 14. Dropuhaft equipped for Pneumatic Method 
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gravel, botddera or leoee rode, by ntMatainiag a lower prearare ^haa is leeiuiwd' ana 
Uowing out tbrougfa blowpipes the water eateriog the werkixtg ehaoiber. Or tiie watnr 
levd may be lowered by pumping tiirough holes in the shaft wi^ above tiie dedc. The 
supply of air for ventSation (30 cu ft per man per min)'is usually less than is necessary 
to replace air escaping under the cutting edge. 

Physiological effect. Men oan usually work in compressed air, up to a presouro of 18 lb per 
aq in (equivalent to 41.6 ft below ground-water level), with little Inoonvenienoe. At higher p res - 
Buree, the working time in each 24 hr must be reduced, and time spent in pming from the compressed 
air to the normal air must be increased. The maximum pressure in which men oan work is about 
501b (equivalent to llS.5ft below water level). All men who are to work in eompreased air should 
be examined and qualified by a physician (see Cdsson Disease, Sec 15). 

e 


Table 1. Requirements of Ifew York Law for Caisson Work 


Pressure, lb 
per sq in 
above, sormsl 

Shifts and feet intervals 

Decompression 

Total hr 
worked per 

24 hr 

Max length 
of ahift; 

2 per 24 hr 

Min time in 
open air, hr 

Pressure, lb 

I>er SQ in 

Min rats, 

Ib per min 

Up to 18 

8 

4 

Va 

Up to 15 

3 

18-26 

6 

3 

1 

15-20 

2 

26-33 

4 

2 

2 

20-30 

iVt 

33«38 

3 

11/2 

3 

30 and over 

1 

38-43 

43-48 

48-50 

2 

1 Va 

1 

1 

»/4 

V- 

4 

5 

6 




Sealing to rock by the pneumatic method ia similar to that for ordinary droxHdiafts, 
except that the men in the working chamber have direct access to the work, which therefore 
can be done in a more positive manner. The problem is to stop the inflow of water, 
while still preventing the escape of compressed air below the cutting edge into the sur¬ 
rounding ground. This may be done by plastering with moist clay, or by a strip of waters 
proofed canvas, but grouting, with cement or chemicals is often necessary. 

Fig 15 shows the procedure in sealing a number of shafts sunk in connection with the NY City 
tunnel, of the Catakill aqueduct. The ledge rock was leveled, the shaft walls supported on poets, 
and excavation carried 3 ft into the rock, one ft larger in diam than the shaft shoe. The rock walls 
were lined with a 1 to 2 mortar wall, with a S/ 4 -in clearance outeide the shoe. Grout pipes imbedded 
in this lining were sunk into the rock. A thick layer of oakum was placed under the cutting edge 
of the shoe, and the posts supporting the drop-shaft were shot out, thus allowing the shoe to drop 
on the oakum. Grout was then injected into the rock through the pipes imbedded in the shaft 
walla. 

Wages of compressed-air workers. At the present time (1037), union wages of compressed-air 
workers in N Y City and vicinty are $12 per day for pressures up to 18 lb per square inch above 
normal. For each increase in preeeure (approximately as in Table 1) the rate ia increased by 50 cts 
to a maximum of $15. For placing concrete in the working chamber, 50 cte are added to the rate 
psid at the working pressure. Gang foremen receive $l additional. Double time ia paid for 
work on Saturdays, Sundays and holidays. In other parte of the U S, particularly in the South 
and Middle West, rates are considerably lower. 

Coats of shafts sunk by the pneumatic method vary greatly with their diam, character 
of ground and depth sunk under compressed air. To the ordinary cost of the drop-shaft 
method must be added cost of assembling, installing, repairing and dismantling the nnking 
equipment (air compressors, air coolers and receivers, boilers or electrical connections 
and the special equipment already described); fuel or electric power; maintenance of 
compressed-air supply; experienced supervision; dressing and bathing facilities for the 
compressed-air workers; and the greatly increased cost of excavation done under 00 m- 
pres^ air. A shaft 14 ft square inside and 125 ft or more in depth, sunk in part and sealed 
by this method, may cost, including contractor’s profit, $550 to $600 per vertical ft, or 
more, depending upon i-haractcr of the ground. 

Advantages. Notwithstanding its higher cost, the pneumatic method, within the 
limit of depth for which it can be used, is the most reliable. The men have direct access 
te the work: boulders can be blasted and the excavation made without danger of influx of 
the aurrounding ground, cs displseement of the shaft. Even if a drop-shaft becomes 
friyf*** in the ground by boulders and refuses to rink farther, a new riioe can be assemUed 
fcWgm the first one and jacked down, uaing the weight of the shaft walls as a reaction. 
Wmloosn be built on the new shoe as it moves downward. For these reasons idl drop> 
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•ihiltt riioujd be provided with notohea in the walle, at one or mote levehh ao that, if 
neeeauiy, a dedc can be put in and the pneumatio method need. 

Z. Shaft it. If Y aenednet (Fig 14). For atraotural'raaaona not ralated to ainkiag, both vortical 
and horiaontai ndnforoenicnt of oonoroto waa made nnuaually heavy. The wall tluoknaaa of 2 ft, 
for a tOQuired inaide diam of 16 ft d in, waa at leaat 1 ft leas than ordinarily required for a oaiason 
of same depth. The deok waa a 3>ft slab of reinf weed oonerete, east -integral with eaiason walls, 
and was eat out after seal was made. Except for the oonerete deck, thedesign was typioal: a 36-ln 
oirottlar opening was provided in deck and a vertical line of 36*in flanged stedl pipe (air shaft) waa 
led from opening to top of eaiasmi, where air lock waa attached. Opening was formed by easting 
bottom length of air shaft into the deck; (where deck is of wood or iron, the lower of air eltaft 
is bdtSd to it). Air shaft was long enou^ to keep look always above ground-water level, so that, 
in ease of accident to lock or to air-eompresaing plant, the caisson men would not be trapped by 
r'aing water. Air shaft had ladder rungi so arranged as not to interfere with operation of bucket. 
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Fig 15. Sealing Details for Drop-ehsfta 



Besidas the air shaft, one or two 3-in inlet air pipea, fitted at bottom with check valvea, a 0.75-in 
whistle (signal) pipe, a high-pressure air pipe, a conduit for electric wires, and sometimes a 4- or 
04n <&oharge or "blow” pipe, are led throngh deck. In deeper eaiaaona, 2 air shafts were pro¬ 
vided. flttml reepeetively rdth a material look and a man lock. 

IL Kiddor ahatt, Cleveland-Clifle Iron Co, Mich. Caisson waa 24 it outaide diam (Fig 16). 
Air shaft, 10 ft ttiam, was used first ae a dredging shaft for a olam-ehell bucket, which excavated 
to a depth of 87 ft. As it then beeeme neoceeary to tiae eompreaaad air, a deck and air lock were 
bolted to the top. Ledge rock waa reached at 104 ft. Shoe waa sealed to rook at 113 ft. Average 
progrees, 0.72 ft per day elapeed time. 

UL Two colliery ehafte, near Terre Hante, Ind, 16 and 20 ft inside diam, were sunk in 1923 
by pneumatic eaiaaona, through 140 ft of sand and gravel, 111 ft of which were water-bearing. 
Caiaaons and working chamber roofa were ot eonorete. Air preae reached 61 lb per aq in. One 
eaimon landed on a eoal stratum and then penetrated fireclay before reaching rock. Lubricating 
pipea were used. Shafta were near Wabaah River and water oonditiona were probably affected 
this proximity, ^me difBoidty in controlling the sinking of the oaiaBona. 
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Tab|i 2 . Dstitts of Sinking 8 Reiaforcod Coocreto Coi—oao, Cntikill Agnodnet 


Outside diameter, ft. 
Inside diameter, ft.., 
Total height, ft. 


Concrete proportions, ce> ] 
ment: sand: stone 
D^th sunk under com¬ 
pressed air: 

In sand, ft. 

In rook, ft. 

Average progress; 


ing day. 


in sand, ft per hr. 


in rook, ft per hr. 
Hours conatrueting seal.. 
Average progress, ft 


lion dip total depth. 
Maximum air pressure, lb 

per sq in. 

Weight of caisson, tons... 
Weight of caisson, with 
max load of sand anc 

pig-iron, tons. 

Frictional resistance, lb 
per sq ft of outer sur¬ 
face, at various depths 
of shoe' 

Contraet price per ft for 
sinking only (concrete 
and reinforcing steel 
paid separately)... 


Shaft 19 


Shaft 22 

ShMt23 

Shaft 24 

19 Vs 

19 Vs 

191/8 

24 

24 

15 Vs 

151/8 

151/8 

18 

18 

45 

105.3 

too 

123 

105.6 

* 1 

2 

2 

2 

2 

} IV8:2:4 

11/8:2:9 

9r 

1 Vs : 2: 4 to 
1:2:4 

1 Vs : 2:4 to 
1:2:4 

II 

77 

30.3 

105 

59.5 

14.2 

33.7 

13.7 

14 

to 

3.75 

2.85 

3.56 

3.23 

3.08 

0.0275 

0.0346 

0.0393 

> 0.0591 

- 0.028 

0.0035 

0.0075 

0.0056 

0.004 

0.0825 

64 

35 

51 

511/8 

51 

1 

0.82 

1.18 

1.25 

1.20 

1.22 

17 

39 

28 

46 

29.5 

460 

1 050 

978 

2 323 

1 780 

700 

2 100 

2 470 

4 612 

4 046 



( 630 at 81 
1751 at 95 

f 1 411 at 45 

1 685 at 49 

300 to 400 

630 

{ 1 202 at 86 

1 lOf at 79 


1 872 at 116 

945 at 93.5 

8466 

$471 

8456 

8735 

8614 


Note.—All these caissons were weighted with excavated sand piled on top of deck around air 
shafts. In each case, a pit was excavated and timbered square to depth of about 20 ft.' The shoe 
was set on bottom, and caisson built to its full height before sinking was started. Contract pries 
allowed a fair profit to contractor. 


5. FORCED DROP-SHAFTS AND HONIGMANN METHOD (30-35) 

Until it becomes necessary to reach the more deeply buried orebodies, American 
practice can furnish no such examples of deep shaft sinking iu soft soils, by freezing, 
cementation and forced drop-shafts, as are common in Europe. There, exhaustion of 
the easily accessible deposits has compelled high development of the art, intensive study 
of methods and large expenditure of money. Hence, for detailed information, it is 
necessary to consult the large voltime of European technical literature on this subject. 

General description. To penetrate depths of quicksand and otiter unstable, water¬ 
bearing material, beyond the limit of open or pneumatic caissons, a method has been 
developed in Germany of jacking down a telescopic aeries of iron drums, inside of and 
reacting against a previou^ installed concrete curbing. The latter is strong and heavy, 
and built into it, near the top, is an internal Cast-iron flange, the sbactzoh biko. Th^ 
anchored by vertical rods extending to the shoe, resists ^rust of the jacks, which are 
attached to and bear agunst under side of ring. The caisson is sunk by dredging in 
the open to a depth of 50 or 60 ft; then a concrete floor (bbal) is placed in the bottom 
(under water if necesab'y), and shaft is unwatered. A oast-st^ shoe, with an outside 
diam slightly less than inside diam of curbing, is set on the concrete floor, and a cylindrical 
drum, of flanged and bolted cast-iron segments (similar to shaft tubbing. Sec 7) is built 
up from shoe to under side of the jacks. The concrete seal is then broken, thus admitting 
water to nature level, and Uie dram is jacked down, the matmal being excavated under 
water by grab bucket, “ mammoth ” pump, or sack borer (deacri^ below). Piually, the 
jacks are removed and more segments of lining added as required. 'With hydraulic jacks, 
a drum 20 ft outside diam can usually be for^ down 250 to 300 ft before it stiol^ If 
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rock lies stiU deeper, the bottom is again sealed, the shaft is unwatered, a Moond drum 
of smaller diam is built iiudde the first, the jacks are shifted inKTard to bear upon it, and 
si nk i n g is resumed. Frequently a second drum has been necessary; less often, a third (3). 

e 

Details of eonstructioB of curbs, drums and sinking plant are shown hi Fig 17 and 18. A bead- 
frame handles the machinery, which includes; trepsnb, similar to those used in the Kind-Chaudron 
boring method for rock (Seo 7), for breaking up the concrete floor and any boulders or partly 
cemented ground that may be met; the curbing, with reaction ring and hadraulio jacks; and sinking 
drums. The outer drum (Fig 17) is the patented Pattberg compound, the cast-iron shell of which 
is lined with 22 in of strong brick or concrete, for additional weight and stiffness; the second is a 
simple iron-segment drum. The compound drum is made necessary by the great earth press at 
depths of 300 or 400 ft, a number of shafts having been lost by otfllapse of unsupported iron drums, 
notwithstanding use of segments 3.5 in thick. The segments are about 5 ft high, flanged and 
bolted on both horis and vert jointe, and 8 to 10 of them make up a ring. The slioe must be very 
strong and heavy, and anchor and reaction rings and all bolts must be designed to carry safely the 
full thrust of the jacks. For considerable depths, the grab bucket used in ordinary caissons has 
been superseded by the mammoth pump in firmer, and the sack-borer in softer, soils. 

Mammoth pomp (Fig 17) is essentially an air-lift pump (Sec 16). Inside the hollow 
stem of the trepan is a small pip>e carrying compressed air to a point near bottom of the 
cutting tool and releasing it into the stem. The air lightens the column of water in the 
stem, and discharges it at the surface, carrying with it the material pulverised by the borer. 

, Sack-borer (Fig 18) is a largo auger-like tool, with its stem in center of shaft. The 
stem is composed of a series of lengths of heavy flanged pipe, terminated at upper end by 
a splined section, on which is mounted a large horisontal gear-wheel. A wire rope, from 
hoisting engine drum to swivel link at top of stem, suspends the sack-borer. llMr stem 
is rotated through the gear-wheel by another engine, and is lowered gradually by hoisting 
rope. New sections of borer stem are added as shaft is deepened. Cross arms are attached 
to the stem at intervals, having rollers at their ends which bear against sides of shaft and 
keep stem in line. Material cut by the rotating borer is swept into two heavy, open- 
mouthed canvas sacks, fastened to backs of cutters. From time to time the borer is raised 
and emptied. In an improved form, the sacks are mounted on a frame sliding on guides 
attached to cross arms on stem, and are hoisted by an independent engine. The saok- 
borer is best adapted to clay and sand. 

I. Shaft 8, Rheinprsussan colliery, Homburg am Rhaio, Germany, was started in 1001 with a 
brick caisson 29.2 ft inside diam, walls about 3.5 ft thick. This reached a depth of 65 ft. Concrete 
plug, 9 ft thick, was then placed on the bottom, under water, the shaft was pumped out, the anehor 
ring, rods and reaction ring (designed for a pressure of 3 000 tons) were erected, and an inner truly 
vertical, brick lining was built, reducing inside diam to 25.68 ft. A compound sinking drum with, 
outer and inner diam of 25.52 and 21.32 ft respectively was then construct^, and sinking was begun 
with a percussion borer and mammoth pump. The concrete was bored through in 4 days, and 
thereafter the average progress was about 5 ft i>er day. The compound drum stuck at 245 ft, and 
shaft was filled for 60 ft with sand and gravel (instead of concrete). Shaft was next pumped out 
and an iron drum, 3.5 in thick and 19.35 ft inside diam, was built up to the jacks. This drum stuck 
at 31.5 ft; the shaft was again partly filled and pumped out, and another drum, 17,38 ft inside diam 
was forced to a depth of 343 ft, where the shoe entered clay firm enough to permit shaft to bo 
pumped out. A fourth drum, 15.3 ft inside diam, was finally forced to the coal measures, at a 
depth of 608 ft. The sinking took 3 years, the average progress being about 6 in per day (3). 

n. Sterkrade shaft, near Holten, Germany, was started with a brick caisson 24.6 ft inside 
diam, which was sunk to a depth of 59 ft. The excavation was continued by hand to 131 ft, where 
on iron sinking drum, 22 ft inside diam, was constructed. This drum was forced to 204 ft; a second 
drum, 19.3 ft diam, to 433 ft; and a third, 10.75 ft diam, to 448 ft. Here the water woe found to 
be Bucceesfully shut out, and sinking was continued by hand (3). For cost, see Table 3. 

Average cost per ft of sinking-drum method in Germany, at varioua depths, is mven by Hmiry 
Louis (1) SB foUows: 82 to 164 ft $260; 164 to 328 ft $593; 328 (o 492 ft $817; 492 to 656 ft $1 040. 

Sossenberg process of hydraulic flushing reduces skin friction and adhesion in some soils. 
Shoe and 4 lining rings above it are about 1.5 in larger outside diam than the rest of the lining, 
and in the shoulder thus formed are water passages, connected through pipes to a high-press pump. 
By operating this pump during einking, the drum is partially surrounded by a film of water. 

The foTcod-drop-shaft has been used in sinking a number of shafts. At present, how¬ 
ever, it has been replaced by the Honigmann method, or by freezing, or cementation. 

Hoaigmann nethod (35). The eascmtial difference between this and a forced drop- 
shaft is that the lining is installed after the excavation is completed, instead of closely 
following the cutting tool. The advantage of this is that the cast-iron tubbing can be 
assembled and bolted together above the surface, before it begins to sink. Access for 
calking the outside of the joints can therefore be had, and the coat of assembling and plac¬ 
ing the lining is reduced. 

Honigmann observed that the walls of a boring in sand fell in, even when the hole is filled with 
water to a level above that of the ground-water, but if the walls were coated wit^ clay they remained 
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Ftg 17. Honigmann Method, Mammoth Pomp ud 
Borer. Shafts IV and V, Rheinprewaen Orrery, Ger¬ 
many. A, Suction Pipe and Overflow: B, Compressed 
AirT C, Caisson; B, Shoe; B. Anchor F. Com¬ 

pound Liidnc; H, Cast-iron Lming (Riemer) 


Fig 18. Sack Borer. Adolf Shaft, 
Ihohweilsr Mining Co, Germany 
CEUemer) 
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Table S. Cest of Sterkrode Shaft 


Briek caisson, 59 ft @ 9285. 


916 900 

let iron drum sunk 153 ft @ 8502 

Segments. 

932 900 

33 900 

75 300 

45 900 

71 500 

19 300 

Labor and supplies. 

' 66 800 

2nd iron drum su^ 169 ft ^ 1715 

Segments. 

Labor and supplies. 

121 200 

3rd iron drum sunk 15 ft @ 86 060 

Segments... 

Labor and anppliea. 

90 800 

43 300 

8338 900 

35 700 

9303 200 
807 

Detweeiation of plant and fittings, 50% of new value. 

Total. 

Less salvage on tubbing recovered from inner drums. 

Coat pw ft..... 



standing. The theory is that the increased head of water in the boring, over that in the ground, 
causes a pressure against each grain of sand in the walls. As the water flows between and around 
the grains, the pressure is equalised, with no force to resist the force of gravity which caused the sand 
to fall. But, if the wells of the h«fle are coated with clay, no water can enter between and behind 
the sand grains in the walls, and there is therefore a pressure against the inside face of each grain 
to keep it in place. This idea he applied to large borings like shafts. 

The boring tool of the Honigmann method (Fig 17} is an inverted cone, with the apex 
at the center of the excavation, provided with steel knives w>hich cut the ground as the tool 
is rotated. The hollow stem is extended through the tool to the bottom of the conical pit 
thus made. Compressed air is carried down through a small pipe in the stem and dis¬ 
charged just alx>ve the bottom. The stem thus becomes a mammoth pump (Fig 17), 
which discharges at the surface the material loosened by the borer. The shaft is filled 
with an emulsion of clay to a level considerably above that of the ground-water, to provide 
support for the excavation walls. At the surface the spoil deiK>sits from the discharged 
water by sedimentation, the water being returned to the shaft with an additional admixture 
of clay if necessary. To coat the sides of the shaft properly, the percentage of clay in the 
water varies with the character of the ground. In clayey soil, 15% is considered suflScient; 
in sand, 20% and in gi-avel, 35%. 

The shidt excavation <s never made to its full diam in the first cut. It is begun with a 
diameter of 6.5 to 8 ft and completed to the bottom. The diom is then increased by 
one or more succossivo cuts, with larger tools mounted on the stem. Between the tools, 
the stem carries a cylindrical g<iide fitting closely to the walls of the first cut, which must 
be true and plumb; otherwise, the installation of the sinking lining would be difficult. 

The first ring of the tubbing or lining, which has a cutting edge on the bottom, is 
assembled over the mouth of the shaft. It is laid out in a true circle, leveled with its axis 
coinciding with the shaft axis, and hung by threaded rods to the tower over the shaft. 
This ring is lx)ltpd up with lead gaskets in the vertical joints. The second ring is assembled 
and similarly bolted to the first. The gaskets are then calked from the outside and a 
false bottom of concrete is placed in the bottom of the assembled rings. By means of 
the threaded rods the two rings are lowered in the shaft and additional rings are added 
and calked. Because of the false bottom, the assemblod rjpgs will eventually float in the 
water, and, to continue sinking, water must be run into the cylinder. When the lower 
edge of the tubbing reaches a point about 3 ft above the shaft bottom, the space under 
the false bottom and around the outside of the lower rings if filled by a tremie with cement 
grout between the lining and shafti-walls. The lining is then lowered into the grout, and 
when it has set, the grouting behind the lining is continued to the top of the shaft. The 
false bottom is then cut out by jackhammers, after borings t.hrough it have tested the 
watertightness of the grouting. 

This method is simple and ingenious in all its details. It requires little material and eqiupment 
and lew men, and is much less costly than the freezing method hereinafter described. It is best 
suited to soft ground, but strata of cemented sand and gravel, sandstone or Umestone can be passed 
if not too thick. A great advantage is the security afforded the workmen, in not being exposed to 
aemdent during »<tikin g and lining the shaft. The method can not be used, however, if a sub¬ 
terranean water course or abeorbeot stratum is encountered, which might carry away the water 
in the shaft. This situation developed while a shaft, 17 ft net diam, was being sunk for the Dutch 
Oovt; after reaching a great depth, the work had to bo abandoned. Another disadvantage is that 
the oxoavation may get out of line, if inclined hard strata are encountered. Trouble may also arise 
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b«eftUM of the Bwelling of the walla of the exoavatiou and sticking of the lining during ita deaoeat. 
To obviate this the bottom of the lining is furnished with a conical i>iece which is removed after 
the false bottom is cut out. 

The Homgmann method has been used successfully for a shaft 19.7 ft net diam, excavated to 
a diam of 24 ft and sunk to a depth of 1 3S5 ft. The Duteh company (La Society Mijnbouw) 
bolding the rights states the coot and rate of progress as follows (39): 


Depths, meters 
to 100 
100-200 
200-350 
S.'iO-oOO 


Cost per meter 
15 000-25 000 francs 
25 000-37 000 “ 

37 000-52 000 " 

62 000-75 000 " 


Monthly progress 
l.>~20 meters 
10-13 *• 

9-11 *• 

8-10 “ 


The above coats apply to 1933, or early 1934, when the franc was worth 6 1/4 to 6 l/g cents. 
U S currency. Furthermore, these costs are much lower than would be possible in the U 6. 


6. FREEZING METHOD (3, 6, 7, 8, 14, 18, 22, 24) 


I eoniMctod witb 
tracing pUat 


General principles. This method was invented by F. II. Pootach in 1R83 and intro¬ 
duced into this country by Churle.s SooyBmitli. Its essential feature is the solidifying, 
by freezing, of water-bearing ground in which the .shaft is sunk. The freezing is sometimes 
continued into water-bearing rock. The method has b«‘en much used in recent years in 
England and on the Continent, for shafts 200 to more than 2 000 ft deep. Vcrtioal holes, 
2 to 4 ft apart, are first bored on tlie circumference of a circle out- 
side the periphery of tlie proposed shaft. Into each hole are lowered 
f f \\ pairs of concentric pipes, tiii'otigh which brine, cooled to low tem¬ 

perature, is circulated. The brine passes down thi-ough the inner 
pipes and up through the space between the two. the outer pipe being 
closed at the bottom. Tins method has been used even when the 
ground-water is saline and in circulation. It is, therefore, so widely 
applicable in all kinds of soft ground and fissured rock, and its details 
have been so well worked <»ut, that for very deep shafts, it has largely 
replaced all other methods. 

Freezing pipes. The holes for these are bored by the usual methods 
and, in soft ground, are cased (See 9). They must be vertical, or 
nearly so; otherwise the distances Ixjtween them, at the bottom, may 
be too great to permit the formation of a complete ice wall. In 
very deep shafts, due to the diffi«!ulty of keeping the borings ver¬ 
tical and properly spaced, the freezing is sometimes done in stages, 
each 200 to 300 ft deep. Each section of shaft is then excavated 
and lined before freezing the succAJcding section. In this case, the 
holes for the freezing pipes are driven outward, at a slight vertical 
angle, from the bottom of the preceding section. In the most recent 
practice, however, the holes arc bored continuously from the surface 
t(y the l)ottom of the proposed shaft; their direction being checked 
at frequent intervals and, in case of deviation, is corrected, or in 
case of great deviation, ailditional borings are made. The usual 
form of freezing pipes is shown in Fig 19. The outside pipe, 4 to 6 in 
diam, closed at the bottom, is lowered into the casing and tested 
hydraulically. The casing is then withdrawn so that the ground 
may close around the freezing pifie. The inner pipe, one in or more 
in diam, is lowered into the outer pipe. Both pipes are connected 
at the top to header pities, to and from which the brine is pumped 
from the central freezing plant. 

Additional Ixirings should bo made, one at center of xhe pro¬ 
posed shaft and others inside and outside of the circle of the freezing 
pipes. These are used to take the ground temperatures at different 
levels, for checking the formation and maintenance of the ice wall. 
As salino solutions freeze at lower temperatures than pure water a 
leak in the piping may cause a weak spot, or a hole, in the ice wall, 
making necessary a longrv period of freezing. 

Ice wall, in its several phases of formation, is shown by Fig 20. It must b^ thick 
enough to withstand the pressure Ut which it will bo subjected, and the freezing pipes are 
located accordingly. Frozen sand is stronger than clear ice. Abby’s experiments show 
that frozen saturated sand crushes at about 2 500 lb per sg in at a temperature of —25" C, 
and at about 1 700 lb at —12" C. It should therefore carry safely 300 lb per sq in and. 



Fig 19. Freezing 
Pipm, Dawdou 
Cmliery, England 
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MRiming fall hydroBtatio pressure on the outside of the ioe cylinder, the thickness of the 
wall, for a shaft 300 ft deep and 20 ft diam should be about 7.5 ft. 

Freesiag ptaat. Ammonia, compressed and expanded, is generally used as the refrigerating 
medium. Carbonic acid is occasionally used because lower temperatures are obtainable. Tiw 
brine, chilled by expansion of the ammonia and circulated through the freesing pipee, is commonly 
CaCls, but MgClg is recommended, as it 
has less tendency to precipitate at low tem¬ 
peratures and olog the piping. The capacity 
of the freesing plant depends upon the diam 
and depth of shaft, thickness of the required 
ioe wall, and the time allotted to the frees¬ 
ing of the ground. 

Sinking, after the ground is frozen, 
is done by drilling and blasting with 
light charges, but, to avoid cracking 
the ice wail, pneumatic hammers are 
often preferable. 

li^ng. Shafts of 200-300 ft, or 
even more, may be lined with concrete, 
but care must be exercised because of 
the effect of the frozen ground upon 
the concrete. Shafts of great depth 
are usually lined with cast-iron rings 
(tubbing), bolted with lead gaskets and backed with concrete. 

Thawing. After completing sinking and lining, the ground is thawed by filling the 
shaft with water, or by gradually raising the temperature of the circulating brine and 
continuing circulation for a long period, or by the aeration of the shaft. During this 
time, in deep shafts, the lining requires continual tightening and calking. 

Average speed of sinking, considering the process as a whole, depends largely upon the boring, 
and is quite variable. If holes prove to be nearly plumb, both boring and freezing are expedited; 
but, if some of the boles deflect badly near the bottom, now holes must be bored, and the irregular 
•paciDg of the lupes makes necessary a longer freezing period. 


Table 4. Speed of Sinking by Freezing 


Shaft 

Location 

Depth 
sunk by 
freez¬ 
ing, 
ft 

Time, months 

Average 
progress, 
ft per 
month 

Boring 

Freez¬ 

ing 

only 

Sink¬ 
ing and 
lining 

Anhalt government salt mine. No 6 

Germany 

310 

17 

5.5 

7 

10.5 

Marie mine. 


ISO 

6.5 

5.5 

4.5 

10.9 

Consolidated Sophie lignite mine. .. 

14 

262 

6 

2.5 

6 

18.1 

Castlereagh shaft. 

F.iigland 

259 

10.5 

6 

12 

9.1 

Theresa shaft. 

* * 

113 

10 

13 

6 

3.9 



Srd Phase 

Fig 20. Formatioa of Ice Wall 


l. Shaft 4, Anhalt government salt mine, Leopoldshall, Stassfurt, Germany. Twenty-six &-in 
holes were bored in a circle, 26.2o ft diam and cased to depth of 325 ft. The boring was difficult, 
and, as shown in Table 4, consumed 17 months. Freezing was continued for .1 months before sinking 
was begun. After only .30 ft had been sunk, a small leak brpke through in shaft bottom, and 
flooded shaft. Sinking was stopped and freezing continued for 2.5 months more, after which a 
progress of over 60 ft per month was maintuned to a depth of 202 ft. The shaft was lined with 
iron tubbing (Sec 7), the space behind being filled with concrete mixed with water containing 
calcined soda. Sinking and lining were prosecuted alternately until the tubbing was sealed to rock 
at 32a ft. Aside from difficult} of boring the holes, this sinking was entirely suceessful (3). 

n. Theresa and Castlereagh shafts, Dawdon, County Durham, Kngland, were first sunk 
(with pumping) through very wet rock to depths of .3.50 and 204 ft respectively. It was then decided 
to continue them by freezing through underlying sued to the coal measures at a depth of 463 ft. 
Thirty-eight holes were bored around each shaft, including two extras at each, on 30-ft circles, 
7 well drills being used. The holes were S and 10 in diam, lined with 6.2.5-in casings. The freezing 
plant comprised two 13S-h p steam engines, driving 4 nromonia compressors. As shown by Table 
4, the freesing of Theresa shaft was especially slow, 13 months elapsing before sinking could be 
begun. Both shafts were successfully sealed to rook in 2.5 years (10). 

m. Chapin shaft. Iron Mountain, Mich (7) was sunk in 1,383-0, through 93 ft sand, gravel and 
boulders, with water level 10 ft below surface. Twenty-eix 10-in casing pipes were put down in a 
30-ft circle; inside of these were fl-in freezing pipes, inclosing 1.5-in circulating tubes. Casings 
were then withdrawn. Ioe maohine was a linde (ammonia type) of 50 tons daily refrigerating 
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Mpsoity (1 ton •quals Moling effect erf 1 ton melUng iee). Freoing fiuiff wee enturnted solution ol 
oonunerdal CsCls: vdoeity of flow in the 1.6*in pipes. 2 ft per sec. In ebout 21 dsys efter stuting 
Im ntMhine, the frosen ring was complete and exoaration was begun. Rock was reached in 13& 
days (including a SOday stoppage, when shaft was allowed to &1 with water). There was some 
trouble and delay from leakages through ice wall, the elapsed time being about 200 days. 

IV. In Campiae district. North Belgium, so great an i^vance has been made in developing the 
freesing process for shafts 1 600 to 2 000 ft deep to the recently ^covered coal measures, that 
previous applications of the process do not maintain their former importance as examples to be 
studied. Binking in stages by freesing has in some of these shafts alternated with cementation. 
Some of the most notable work is the sinking of 2 shafts for the Helohteren and Bolder project, 
where 2 (134 ft of ground were frosen by a single current of refrigerating fluid in 7 months' time. 
Sinking and lining took 21.5 months; cost, aside from fuel and tubbing, gl 177 per ft (22). 

H. Muller gives (1917) estimates of cost, under two different assumptions, for a shaft sunk 300 ft 
by frMsiug in stages, at $1 100 and gl 600 per ft, respectively (20). 

V. Two shafts, sunk by freezing for the Houthaelen Coal Mines (42) in the Campine 
district were completed in 1932 and 1934. Cementation was first tried and abandoned. 
Shaft I was sunk to 2 106.3 ft; shaft II, about 230 ft from shaft I, to 2 139.1 ft. Both 
passed through 1 968.4 ft of water-bearing ground to a much fissured stratum of sandstone 
about 33 ft thick, overlying the coal. The soft ground above the sandstone was as follows: 


Tertiary deposits | 

I clay and 

1138.1 ft 

In each esse a preltminary pit was sunk, 42,7 ft diam and 16.6 ft deep. 

The borings for the freezing pipes, begun Sep S, 1927, for shaft I and Nov 20, 1927, 
for shaft II, were spaced about 3.5 ft c-c, on the circumference of a circle 36.1 ft diam. 
The borings were 2 066.9 ft deep for shaft I and 2 093.2 ft fur shaft II, continuous from 
surface to full depth. The plumbness of the borings was checked by the Denis-Furaky 
teleclinograph and in case of deviation the direction was corrected (Sec 9). The theoretical 
number of freezing pipes for each shaft was 32, but 5 additional borings were required for 
shaft I and 4 for shaft II. The borings were cased to 1 148 ft, below which no casing was 
installed. The freezing pipes were lowered into the borings and their headers, in the 
bottom of the preliminary pits, were coimected with the freezing plant. 

Net diam of each shaft was 16.4 ft. The cfist-iron tubbing lining was 19.4 ft outside diam; 
behind it woe placed 1.3 ft of concrete, so that the dmm of the excavation was 22 ft. At center of 
each shaft an additionsJ boring was made, in which were placed concentric pipes for drawing off 
water at 4 levels, viz: at bottom of the preliminary pit, at bottom of the clay (636 ft below surface), 
at top of the tufa (1 158 ft depth), and in the marl at 1 739 ft. These pipes were to draw off excess 
water after the closing of the ice-wall. The amount of the water was 2/.323 gal in shaft I and 41 889 
gal in shaft II. For test purposes additional borings were made from the bottom of the preliminary 
pits. These were on the circumference of circles, around the center of each shaft, with diameters 
of 21.3, 32.8, 36.1 and 41 ft. The total length of casing for borings was 132 961 ft; of outer freesing 
pipes, 152 334 ft; and of inside freesing pipes, 147 711 ft. 

The freezing plant was in six units (total, 2 891 h p), each unit of a capacity equivalent to 100 
tons of ice per day, melted from and at 32° F. The elec power for the sinking operations was 
1 285 h p, supplied from an outside source. A standby Diesel unit of 800 h p was installed. 
Ammonia was wed at a pressure of 1.3.4-26. 4 lb, reduced to 1.1-2.2 lb at the condensers. Chloride 
of calcium, at 27°-15° Baum6, with point of freezing at about —16.6° F, was used as the circulating 
brine. 

The ground was frozen to 2 050.5 ft for shaft I and 2 091.5 ft for shaft II. Freezing 
for shaft I began June 13, 1930 and to Dec 6, 1930, when excavation was begun, 
19 842 500 000 btu had been used for refrigeration; equivalent to 68 898 tons of ice melted 
from and at 32° F. At a depth of 2 106.3 ft (Dec 15,1932), 45 637 750 000 btu had been 
used, equivalent to 158 464 tons of ice melted from and to 32° F. For shaft II freezing 
began Jan 29, 1931, and when excavation was begun (July 6, 1931) 17 858 250 000 btu 
had been used, equivatpnt to 62 008 tons of ice melted. At depth of 2 139-ft (Jan 9, 1934) 
67 464 500 000 btu bad been used, equivalent to 234 252 tons of ice melted. The flow 
of brine through each freezing pipe was 282.4 cu ft per hr, at velocity of 3.67 ft per see 
in the descent and 0.98 ft per sec in the riser pipe. 

The performance of the freezing plant and the formation and maintenance of the ice-wall was, 
at all timee, under strict surveillance. Temperatures of the ammonia throughout its circuit were 
taken every 3 hr; also the temperatures at the start and return of the brine, and the pressure end 
dfacharge of the pumps. A weekly check of the discharge from each freezing pipe wn nuula 


sand 426.5 ft 
clay 232.9 " 
sand 183.7 “ 
marl 298.6 “ 
sand 16.4 “ 


Secondary deposits 


tufa 203.4 ft 
chalk 147.6 “ 
marl 380.6 ** 
sand 78.7 " 
810.3 ft 
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Metm inatiJled at tha oantTBl statioa mMunirod tbe genanU diacbarg^ of tha brim and aleatrio 
indioaton wanted of any oonMdarabla loaa. The cloaing and progreas of formatioa ol the ioa-waU 
waa obaok^: (a) by temparatarea taken at every 328 ft down to tbe 1 640-ft levd, at the center 
boring of the abaft and in aaoh of the other 4 aeriea of borings made for tiiia pnrpoea; (b) by amount 
of water pumped from each of the 4 levels in the center boring. 

Excavation and lining of abaft I begun Deo 6, 1930; oomideted Deo 16,1932; aver progreaa per 
worldly day, 3.33 ft. Shaft II, begun July 6,1931, reached 1177.8 ft June 3,1932, when a rupture 
of the ioe*waU occurred, due to breakage of one of the freasing pipes. After repairs, excavation 
was reeumedi Jan 12, 1933 and completed Aug 1, 1934. Average progress per working day, 3.0 ft. 
Nearly all excavation was done by jackhammer; only in sandy tufa and chalk were tbe ordinary 
mining methods used. At the bottom of the preliminary pit the non-frosen core waa about 20 ft 
diam; at 3?S ft, this core was only 3-7 ft diam and thence to 1148 ft tbe ground was frosen to the 
center, or nearly so. At top of the tufa was found a non-frosen core containing water under pressure. 
Below, the ground waa completely frosen. 

These shafts were lined with‘cast-iron tubbing, tbe possible pressuree upon which were computed 
as the hydroetatio pressure multiplied by the following coefficients: 1.8 for sand; 1.5 for mixed 
sand, day and marl; 1.25 for marl; 1.0 for tufa and chalk. The ultimate compressive strength of 
oast-iron was taken at 85 0031’> per sq in, for thicknesses of 23/g in or more, and 71 000 lb per sq in 
ior ttucknessee oi 316/13 more. Safety factor of 6.3 was used in soft ground and 5.3 in firm 
ground, the thickness being determined by the cylinder formula. Theee computations gave thiok- 
neasee d 13/i3 to 6II/13 in. Tbe ringa were abont 6 ft high; bolted with lead gaaketa. In upper 
part of shafts the excavation was made to some depth before starting lining, which waa then built 
up from tbe bottom. Below this, lining kept pace with excavation. The lining segments were 
provided with holes for grouting. 

On completing excavation and lining, and before thawing was begun, ail bolts in the lining were 
tightened, lead joints wese calked and cement grout injected at a pressure equal to half the pressure 
which each ring might be called upon to support. Thawing was done by progressively warming 
the brine in the freering circuit, and by aeration of the shaft interior. Other shafts sunk by this 
method In the Campine dietrict have been thawed by inundating the shafts, with the idea of keeping 
the tubbing in balance and avoiding a sudden .thaw, but this method stops all work below and pre¬ 
vents observation of tbe behavior of the lining. As tubbing adjusts ita^ for some time after it is 
placed, joints which open must be car4d for. After thawing was ended, another calking and tighten¬ 
ing of bolts was necessary. Before this, leakage through joints waa about COO gal per hr per 328 ft 
of depth, but after reoalking and tightening the joints, leakage was only about 6.5 gal per hr per 
328 ft; practically watertight. Thawing of shaft I was begun Nov 22, 1033 and oumpleted Oct 6, 
1934, 72/3 years after beginning work. The time for thawing shaft II was not reported. The 
freasing pipes were removed down to the 1 148-ft level. The holes whioh were oooupied by them 
were filled with cement grout. 


7. CEMENTATION AND GROUTING METHODS (2&-28, 43) 

The idea of filling fissures and voids, in the ground, with cement is old. By injecting 
cement in a boring in. the Lens mines, M. Reumaux succeeded in 1882 in closiag a large 
flow of water. From 1900 the method has been much used for shaft sinking. In 1904-7, 
La Compagnic des Mines de B^thune sank 4 shafts by cementation, and later several 
others at Lens and Litvin were successfully completed. Thereafter, the method spread 
over France and other countries (39). It is most successful in fissured rock; in quicksand, 
it is entirely unsuccessful, because the bore-holes can not be kept open except by casing, 
or by clay coating (Honigmann method, Art 5), both of which prevent cementation. 
Also in spongy ground such as tufa the cement coats the surface but does not penetrate 
the pores. Fissured chalk and limestones lend themselves best to this method. In 
the first applications, 6 to 8 borings, 5.5-6 in diam, were mode to full depth around the 
site of proposed shaft. A mammoth (air-lift) pump was lowered gradually into each bore 
hole, so that the induced fiow of ground-water would wash'out the mud from fissures and 
voids. Then water under pressure was pumped into the holes, to force any remaining 
mud back into the ground, and cement grout was injected under pressure. In the Saclier 
method the grout is injected into all holes simiiltaneouslgr; in the later Fortier method 
injection is made into each boring singly, one at each end of a shaft diameter, then at each 
end of a diameter perpendicular to the first, and finally at ends of other diameters. 
Pressure is maintained until the grout has set, otherwise it might be washed out by the 
flow of ground water. 

Franfiois method employs 29-24 borings, 1.5-2 in diam, in two concentric circles around 
tbe site of the shaft. They are not immediately bored to full depth, but deepened after 
each injection of cement. The pressure on the grout is 1 500 to 3 000 lb per sq in or even 
4 500 lb. The grout is inject^ into each hole separately. After injection, boring is 
resumed when the groat has taken its initial set, but is not yet bard. In certair clayey 
ground chemicals are first injected, to coat the ground particles and facilitate flow of the 
grout. The theory of the PVancois method is that more bore holes of the larger number 
used are likely to reach fissured ground, and small diameter holes cost less than larger ones. 
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Alao, injection of grout in s part of the bore hole, instead of its whole length at one time, 
is more likely to fill the smaller fissurra, and great pressures still further increase ^e flhimnMi 
of success. The chemicals used before pouting are silicate of sodium and sulphate of 
aluminum, injected separately; the combination of the two forming silicate of aluminum, 
a white colloidal precipitate. This, under pressure is dehydrated, leaving a solid filling 
in the capillary fissures which the grout could not enter and covering the clayey walls of 
larger fissures, thus facilitating entrance of the grout. 

Only the Portier and Francois methods are now used. Both are cheaper than freeaing, 
or the Honigmann method, but ue applicable only to cementable grormd. Shafts unlr 
by cementation are lined with reinforced concrete, or with cast-iron tubbing. 

Injection of other materials hoe also been used to shut off water, but only in shallow shafts. 

Joosten method uses sodium silicate, injected under pressure and followed by an injection of 
calcium chloride. These form an insoluble calcium silicate, which sets so quickly that the easing 
pipes must be pulled os the calcium chloride is injected, to prevent their being immovably set in 
place. The chemicals penetrate to a dietance of about 3 ft around the end of the casing pipes, which 
are spaced aocutdingly. Tliis method is especially useful to consolidate the ground around the 
bottom of a shaft, at its junction with the rock, but bos recently been used successfully for shaft 
sinking itself. 

Asphalt grouting has been used considerably in the U S, and is bettor than cement grouting for 
fissured rock where there is a large fiow of water. The asphalt is pumped into the ground as a hot 
fluid, which solidifies in the w.iler. Its injection is facilitated by steam, or by a method patented 
by G. W. Christians, consisting of an electrical resistance wire in each casing which keeps the asphalt 
hot. The asphalt is injected at a pressure of 50 lb, or mure, and can be forced for a long dietance 
into open fissures. 

Clay grouting (431. In cose of large cavities, as frequently found in limestone, thoroughly 
mixed clay and water, pumped in under a pressure of 100 lb per sq in, or more, has been successfully 
used. At the Madden Dam, Panama Canal Zone, as much os 70 000 cu yd of clay grout were used 
to fill cavities around the rim of the reservoir, at a cost, exclusive of drilling, of $.'>.35 per cu yd. 
Clay grouting is not efficient in seams containing running water, as it is easily eroded. 

Choice of method for sinking in soft, water-bearing formations is often a matter of 
great difficulty, and the reconnaiasanco borings, upon the results of which the decision 
rests, should be in sufficient number and so carefully made that a thorough knowledge 
of the ground is obtained. The cementation method is probably the cheapest when the 
ground can be cemented, but it can not be used in quicksand or clay. Honigmann method 
is almost as cheap, in some cases cheaper, when the groxind is soft, and diam and depth of 
shaft are not too great. The freezing method has the widc.st application, but is too costly 
for ordinary depths where another method could be xised. It can however compete 
with the Honigmann method in harder ground for shafts of large diam and great depth. 
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BORING 


1. WASH-BORING RIGS (DRIVEPIPES) 

These rigs are for sampling soft strata overlying solid rock, to ascertain depth of 
bedrock below surface, and to sink standpipe for diamond drills. Rarely used for depths 

exceeding 100 ft. For testing superficial deposits much time is 
spent in moving from point to point; hence a light, portable 
outfit is necessary, as follows: 1 derrick, with 20-ft legs of 4 
by 4-in timber, complete with windlass and sheave for 1.25-izi 
rope (Fig 1). Truck wheels should be heavy, about 40-in diam, 
one tight and one loose on axle. 50 ft of 1 hoisting rope. 
Flush-joint casing, 2.5-in, 5-ft lengths, fur the probable maximum 
depth of hole; also a few lengths, each 1, 2, 3 and 4 ft. (Sleeve 
couplings can be used, but are troublesome in sinking and pull¬ 
ing.) 1 casing driveshoe; 1 casing drivehcad; 1 casing tee. Flush- 
joint, 1 i/s-in drill rods, in 10-ft lengths, with couplings, totaling 
10 ft longer than casing. Add two 5-ft lengths. (0.75-in gas pipe 
can be used in light sandy material.) 1 hoisting water swivel and 
coupling; 1 hoisting swivel; 3 cross chopping bits; 1 chisel bit; 
1 bushing, water swivel to casing; 1 shoo for taking dry sam¬ 
ples; 1 worm auger; 1 hand forcepump, 4-in cyl by 4.5-in stroke; 
15 ft, 1.5-in suction hose, >rith coupling and strainer; 50 ft, 0.75-m 
Fig 1. Derrick for Wash rubbtsr pressure hose, with couplings for pump and water 

Boring swivel; 1 axe; 2 5-ft crowbars; 15 ft of S/g-in chain, with hook 

and ring; 1 coldchisel; 2 hose couplings; 1 150-lb drive-block; 
2 three-cornered 6-in files; 2 lO-in flat files; 1 machinist's hammer; 1 oiler; 1 pick; 1 gal¬ 
vanized pail; 1 saw; 1 screwdriver; 1 shovel; 1 tajie line; 2 36-in 
pipe tonga; 1 tool lx>x; 2 hose unions; 3 Stillson wrenches, 10, 14 and 
24-in; 2 monkey wrenches, 0 and 15-in; sample boxes and 4-oz wide 
mouth bottles; 1 firing battery: dynamite, electric detonators and 
400 ft insulated copper wire; 1 pair sister hooks for 1.25-in rope; 1 
shovel; 1 pair combined nippers and pliers; 1 brace with bits 0.25 to 
1 in; 4 pairs Brown's patent pipe tonga, 2 No 3 and 2 No 4; 1 pair pipe 
clamps for 2.5-in casing; 2 10-ton jack screws; extra valves, liners and 
packing for pump; 4 balls candle-wick; 1 hank sash cord; 1 1-gal 
oil can and lubricating oil ; 1 wagon. This outfit, for 60-ft holes, costs 
$350 to $400, and will la.st several years. 

Operation (1). A pipe of tiie required diom is sunk, the core is 
broken up by a jet of water, or, if necessary, by a chisel bit, and the 
disintegrated material is brought to surface by the current of water. 

F'or penetrating soft ohouxd, a smaller pipe carrying water under 
pressure is worked ahead inside the di-ivepipe as fast as the loosened 
stuff is carried to surface. In such material the drivepipe sinks of its 
own weight, or can be made to do so by rotating it by cross-bars 
(brace head), weighted by old carwheels, if necessary. In harder 
MATERIAL, a chisel bit is attached to lower end of wash pipe, and 
churned up and down to cut a hole below the drivepipe. Cuttings are 
washed to surface by a stream of water issuing from holes in the sides 
of bit. In this case the rig shown in Fig 2 is used, ropes A and B 
passing through a double block in the derrick. In gravels the fine ma¬ 
terial is washed out, leaving coarser pebbles in the hole. If small 
enough, these arc bailed out with a sand pump. If too large, they are 
broken with a cross •■hopping bit before pumping. Boulders are 
drilled through ahead of the casing, then broken with dynamite. 

The charge, made up for electric firing, is lowered to the proper 
depth by the loading wires. Betore shooting, the casing is raised several 
feet to prevent injury. After shooting, casing can usually be driven 2. Chopping 
through the broken rock. For testing overburden 2.-5-in drivepipe and 
0.5 or 0.75-in water pipe for drill rods are common sizes. ^ 

For deep holes or holes in bad ground, several strings of pipe may have to be unlr, 
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before reaoUnK bedrock. Obuqub holbb can be sank by wash bonog, but coat increases 
rapidly with degree of deviation from the vertical. In soft boils, and when samples are 
not required, pipe can be flushed down rapidly by attaching a water swivel and drivehead 
to the pipe itself; then driving and twisting the pipe ahead, while pumping down water. 
The watOT washes the core from under the shoe and rises outside of the pipe. Crew for a 
wash-boring rig consists of a foreman, 3 or 4 laborers, and a team. 

Palling casing. Drivepipe is pulled from test holes after they have served their 
purpose. If possible, this is done by attaching windlass rope to the pipe by a swivel head; 
then pulling while the pipe is twisted with tongs. If necessary, clamps are put on the 
pipe and it is raised by jacks or levers; a bight of chain around the pipe will sometimes 
take place of a clamp. By proper arrangement of clamps, the drivehead may be caused 
to give an upward blow on the pipe. Pulling pipe is often more difficult than placing it, 
especially in clay. 

Speed. In soft soils, 12-18 ft per hr may be made to depths of 5U ft. In stiff clays. 
5-0 ft per hr is good work. In holes over 100 ft deep, in sand, 12-15 ft per day ia aver 
progress. 

Cost of wash boring depends on the speed of advance, size of crew, wages paid, distance 
apart of holes, character of counry, water supply, and climate. 

In exploring a route for the N Y State Barge Canal, 666 boles were sunk by wash 
boring in alluvial soil, clay, sand, gravel, and hardpan. Aver depth of holes drilled in any 
mouth, 14 to 47 ft. Lowest monthly aver cost per ft was $0.18, in Sept, 1906, when 49 
holes averaging 40.5 ft deep were sunk in easy soil. Highest monthly cost, $2.70 per ft, 
in July, 1905, when holes averaging 47 ft were sunk in clay, sand, and hardpan. .\ver 
for 666 hole.s, totaling 18 130 ft, was $0.35 per ft. (U'cw: 1 foreman, 3 laborers, a double 
team and driver. Charge for lalx)r and team ranged from 87 to 98% of total coat (1). 
In making the Bahio dam borings for the Panama Canal, aver cost of 115-ft holes, in 
material ranging from quicksand to coarse gravel, was $0.83 per ft, including $0.14 for 
freight and traveling expense, and $0.15 for plant. 


2. AUGER AND HAND CHURN DRILLING (2) 

Augers are used for wells and for prospecting in soft ground. Fig 3 shows typical 
outfit for wells in middle west and south, consisting of derrick, windlass, auger, rods, and 

handles for rotating the rods. Rotating may be 
done by a horse, and in some more elaborate 
rigs horse power dnvos both rods and hoist. Fig 4 
shows typical augers for well work, varsdng in 
diam from 6 to 24 in. Form A is used for clays, 
B when considerable sand is present, C in sand, 
and D in clayey ground containing boulders. 







Fig 3. Well Borer Operated by 3 Men 


Fig 4. Four Types of Earth Augers 


Holes to 700 ft deep have been bored with this typo of rig. On Long Island, wells 260 ft 
deep are bored with the auger rig more cheai)ly than with power machines. Small 
AUGKRS, 1.5 in upward, with post-hole diggers and chisel drills as accessories, have been 
largely used for projecting and geological work. 

C. Catlett lists following outfit as used by him in proepeeting eoft, superfioial iron-ore deposits ; 
(a) 2-in auger bit of steel or Swedish iron with steel point, twisted into a spiral, thickness of blade 
not less than 0.25 in. length 13 in, pitch of spiral 4.26 in. This was welded to one end of an 18-in 
loxisth of l-in iron pipo which was threaded at other end. (6) 2-iii chisel bitg made of 1 ft of W/g-in 
potacon ateelg wdidedf like the auger, to an ld~in length of l-in pipe threaded for oonneotione (c) 10 ft 





















9-04 


BOIUKO 


of 1.25-ill iron rod« th r ando d both enda for aonnoetioo with 1-in idpe. (d) Lancths of 14n idpa with 
eoujitinai. (a) Iron handle, lencth 2 ft, with central eye and eet aerew. (/) Sand pomp or aludger, 
1 in diam, 2 ft lonsi with a leather dap valve, (a) 2 pipe tonga. (A) Oil oan, 26-ft tape, flat file, 
epring bahuioe, water bucket. The auger waa turned by 2 men, atanding on oppoaite aidea of hole, 
^ough water waa added to soften the material. Hard ground was penetrated with the chisel bit. 
Two men operated to depth of 26 ft; 3 men, 25 to 35 ft, a rough frame 15 to 20 ft high being built 
for the third man. Table 1 records the work done by one of these outfits in favmable drcumataneea. 
A similar outfit was used in prospecting residual iron deposits at Moa and Mayarl, Cuba. B. Balber- 
stadt lists a similar outfit for coal proapeoting, costing about 325. 


Tablg 1. Proipeetiag with 2-iii Auger end Chigel Bits 


Hole 

Material 


No 

men 

Time, 

hr 

m 

Material 

Depth, 

ft 

No 

men 

Time, 

hr 

t 

Bond, gravel, clay, ore. 

16 

2 

m 

D 

Sand, ore, clay, sand- 





Surface ore, day.... u 

40 


In 

■■ 

stone. 

19 

2 

8.5 

IS 

2 



Sand, eandetone, olay. 




1 3 




(2 

3 

Clay, eandetone, flint.. 
Moetly olay. 

■ 9 

2 


■■ 

flint. 

52 

{ 3 

4 

4 

mm 

2 

M 

D 

Sand, sandstone, day, 
ore, flint. 

{2 

5 

5 

Clay and ore. 

mm 

2 

mm 

H 

63 

{3 

25 


At Toronto, Can, in similar work, the cost of 30 to 70-ft holes with labor at 92 per shift was 20 
to 66^ per ft, respectively in clay and made ground. Supplies and blacksmith repairs comprised 
15% of total coat per ft. 

E. Low statee (2) that boring 450 0-in holes, averaging 13.26 ft deep, with pod auger, in earth, 
day, sand, and gravel, 3 men to a crew, the aver progress was 40 ft per day; length of moves 
200 ft; ooet about 18^ per ft. 

R. V. Thompson, Ophir Hill Consol Mining Co, Utah, wed a 2-man sand auger for sampling 
inlee of mill tailing varying from coarse dry sand to wet clayey slime with 35% moisture; all 
—200 mesh. Holes averaged 50 ft. Core-barrel, jwt above cutter, was a section of 6.6-in pipe, 
9.5 in long, with a wood fiber cover wired in place. Two cutter blades, 6Vl6-in diam by l/g-in 
thick, were brased on a 0.75-in pipe. A short tripod and chain blocks were used to pull auger when 
eore-barrsl was full. Aver speed, 10 ft per day; aver cost, 854 per ft. Casing was wed in sampling 
a dry sand with no clay binder. 

Pog|-hole diggers ore used alone or in connection with earth augers. 

New Market Zinc Co, Tenn, used an ordinary poet-hole digger for prospecting a deposit of sine 
carbonate and ailioate, in tough, residual dolomite olay, 10 to 75 ft thick. The strap by which the 
handle wae attached to the cutting blade was reinforced. Upper end of handle was threaded and 
attached to a 10 or 12-ft piece of 1-in gas pipe, making a l.'i-ft handle. From a ring at upper end 
of gas pipe a rope passed over the pulley in an ordinary 3-leg derrick, by means of which the digger 
was churned. In ordinary soil half-a-dozeu drops filled the tool, which will extract 3 or 4-in lumps 
of ore. Bouldete were broken by dynamite and churned up. Two men made 20-40 ft per day. 

Hand chum drill is used for shallow holes, where conditions do not warrant machine 
drilie. Hexagonal 7/g.in steel 8 ft long is common, with chisel point, which for extra 
hardness is coated with Stoodite by an acetylene torch, and then ground; thus avoiding 
frequent sharpening by blacksmith. In soft rock, holes 5.5-6 ft deep are drilled in 30-35 
min by 1 man, at labor cost of 18-20^ per hole; in harder rock, 3 or 4 times these figures. 
For drilling in overburden of coal-strip mines, a string of hollow rods may be used, with 
a chiad bit. A ball valve is placed between rods and bit. As the hole is kept full of 
water, lifting and dropping the rods produces a pumping effect, causing the cuttings to 
enter the rods through holes in the side of the. bit and then rise to discharge at surface. 
Crews of 2 or 3 men can drill to 70 ft with fair effic (4). 

3. SPRING-POLE DRILLING RIG (3) 

Spring-pole rig is a primitive form of chum drill, useful where fuel and water are scarce, 
transportation difficult, labor cheap, and where few holes are to be drilled. For such 
work, due to low first cost, maintenance, and operating cost, it rivals the power chum 
drill in cost per ft of hole. Fig 5 shows usual ouffit: spring-pole, 20-30 ft long, with ratio 
of lengths on the two sides pf fulcmm of 1 to 3 or 5. Anchorage may be a pile of rocks, 
or a wooden frame. Fig 6 is a special fonn. Drilling is done by a chisel bit on a string 
of iron rods, suspended by rope and swivel from the spring-pole. The rods are churned 
up and down with aid of the pole by 1 or 2 men, and turned in a direction that will toad 
to tightm the screw joints. Water is poured into hole to keep cuttings in suspension, and 
pumpqd'jPOlltiM necessary, with a sand pump. Holes 75-200 ft deep can be drilled. 

Bqri^Ssent: round spring-pole, 6 in smril end by 10 in butt; derrick and windleae eith ifiat- 
fens for foot wrench; 60 ft, 1-in Manila rope, to attach rode to epring-poie; 50 ft, 1-ia tops 
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tor BfUng roda wltb windUa; 250 ft, as-ia npt for nad pomp; apUrfac iroa, 10 ia loac: iron* 
bouadookpIpo^ver.dftloaCtUby 18 ia; 3-ia aarth aogor; 5pioow 2-iB diivcqpjpo, 1,2,8 , 4 aad 
£ ft loos; 83 piooM 2^ drivopipo, 6 ft ioii«: drivohMduid 
drivesboe; pipe lift; chain wrench for pipe 5 in outeide 
diam; allixator wrench for pipe £ in outside diam; 2 serew- 
iaoke for loosening easing; 2 dampa foi holding and raising 
pipe with jaelca; 1 rod 1 ft 8 in. 1 rod 8 ft 8 la aad 1 rod 


Fig 6. Bprin»<pole Big Operated in 
Fig 5. Spring-pole Drill Pit 

5 ft 8 in between shouldera; 16 rods 11 ft 8 in between shoulders (all rods 1.25 or 1.5-in round 
iron, with 1.25-in square section near joints). 6 3-in drills, of 2-in octagon steel; 2 swivels, for 
windlass and spring-pde ropes; brace head; reamer; foot wrenoh; hand or disconnecting wrench; 
sand pump for light drillings and 1 for coarse or pasty drillings; grab for drills and rods; grab 
for pump; 2 water barrels; black oil for rod and pips joints; bUeksmith’s and pipe fitting and 
threading tools; carpenter's toids. Fig 7 shows several of the tools used. Cost of a rig for 250 ft 
will not exceed 8400 (3). 




Speed of drilling. In shalee and soft sandstones, 1.5 and 2-in holes, 8-10 ft per shift 
for first 100 ft, and 4-8 ft for second hundred, are fair averages. In the same rocks 
3-in holes will advance 7-8 ft per shift for first 1()0 ft and 4-5 ft for second hundred. 



Fig 7. Farts of Sprinc-pole Drill 


4. EMPIRE DRILL 

This drill is well adapted to testing placer deposits where depth is not over 100-125 ft, 
and, due to its light wt, is useful in remote regions where transport is difficult and labor 
cheap. It is generally worked hand. A power drive can be used, but decreases accu¬ 
racy of sampling for Au, Pt or Sn. Coats: $1 per ft for shallow, easy drilling, to say $3.50 
for deeper holes. Outfit (Fig 8) consists of a string of seamless high-carbon, flush-joint 
pipe, with a toothed bit. Near upper end of pipe, above the surface, is a circular steel 
platform, on which stand 4 men. By a sweep, platform and pipe are rotated by man or 
horse power. In loose ground, the pipe sinks due to turning a:^ wt of platform and men; 
or, a 200-lb driving ram is operated by tlie men while the pipe is rotated. Coro is brou^t 
to surface by a drilling “pump,” on a string of rods within the pipe; 8 or 10 strokes bdng 
required to fill the pump with the sample, which is then withdrawn for examination, and 
dtUling is resumed. In ruxxning ground, the pipe is driven‘to a firm stratum, before pump- 
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ing out the core. Generally, 3-4 in of core are left in bottom of pipe m b plug to prevent 
entrance of unwanted material. For depths over 30 ft, a qnring eounterbai^oe minimises 
wt of the rods. Equipment for a 50-ft, 4-in hole, indudi^ pipo, weighs about 2 200 lb; 
cost, approx $1000 at N Y; for a 6-in hole, wt is 3 200 lb; cost, $1 500. All can be see- 
tionalised into 1-man packs of 75 lb. One 30-ft hole per day can be made in aver placer 
ground (see below), by 6 to 8 men. Additional equipment: 180-lb sample rocker, $65; 
120-lb steel dump toz, $55; 150-lb water heater and tank, $76; assay outfit, 75 lb, $75. 

Bzampl**. Cost and speed. Proepeotinc on Iblxmd or BxmcA in tough day, holes 11 to 32 ft 
deep, with raw orew, 4 men on platform and 6 on ground, averaged 1.33 to 2.06 ft of 3.5-in bole 
per hr. Actual boring occupied only 8 to 30% of total time. Becord of work done in Colombxa, 
in a junsle where steam drill could not be used: Day 1: Moved aoroee river and made 14 ft in top 
and 11 ft in gravel. Day 2; Finished hole 1, 2.5 ft to bedrock, 27.5 ft total depth. Pulled 
easing and moved 100 ft before noon. Sunk 17 ft to bedrock in 4 hr. Pulled casing and moved 
to hole 3 and made 0 ft in overburden. Day 3: Finished hole 3, 24 ft total depth. Pulled easing 
and started hole 4 by 2 p m. Drilled 12 ft overburden and 10 ft aand and gravel by 6 p m. Day 4: 
Finished hole 4, tot^ depth 28 ft to bedrock. Pulled casing, moved 300 ft to hole 5 and started by 
noon. Made’22 ft by 5 p m, passing through buried tree. Day 5: Finished hole 5 to 28 ft. Pulled 
casing and began hole 6. Made 14 ft in overburden and 6 ft in gravel. Day 6: Finished bole 6, 
to depth of 32 ft. Moved across and 1 mile up river and at 2:45 p m started hole 7. Made 6 ft 
in overburden and 0 ft in gravel. Day 7: Finished hole 7, total depth 29 ft. Moved 50 ft, sunk 
hole 8, 22 ft to rock. Started hole 9 after 50-ft move and made 0 ft in top soil. Summary: 7 days; 
213.5 ft drilled; 30.5 ft i>er day. J. Chisholm reports aver advance of 30 ft per 9'hr day; 5 to 
30-ft holes; 0-in drill; 9 to 10 ft of loam underlaid by gravel (0). In aver tin alluviate in Banka, 
native crews of 8 men make 4 to 8 holes, 18 to 30 ft deep, in 8 hr, when distance moved between 
the holes does not exceed 60 ft. One blacksmith can do repairs and sharpening for 8 outfits (7). 
Following are figures on work with two 4-in Empire drills in Siberia, when the thermometer read 
from 0‘ to —45° F (7). Total depth, 6 696 ft; time, 193.5 days. Percent total time in field, 81, 
as follows: drilling, 63.7; putting on pipe, 2.9; pulling pipe, 5.0; clearing surface, 1.8; moving 
from hole to hole, 2.8 (aver time, 17 min); moving from line to line of holes, distance 6 083 ft (aver 
time per move, 2 hr 5 min), 3.1; lost time while drilling, 1.8. Percent total time lost, 18.9, as fol¬ 
lows: moving camp (twice), 1.8; storms, 8.8; holidays, 5.2; resting screws, 3.1. Crew of 7 men 
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&Md*d, men stead on pintform mddram tiwotriac erf tobbt tho nwtertel Mnc wnaliod out of halo. 
Canac ten be driven by etrildng on e drive beed eritb b wooden aukul. On rMohinc bedrote, tbe 
eeaint ip ptdled by ebeln t<m 0 and light ieek, or by a heavy eaaiug jeok. A light eorenltilling rig 
eaa be for eoring to anall deptlw in bedrook. Drill ia driven Iv a water motor, opwated by 
the pump. Wt of oomjdete outfit for depth of 50 ft, 800 lb; ooet, approx f1030. 

Bmpir* drill (Ward type), with light derrick, is also uaed for prospecting to deptiu of 
aboQt 100 ft. For driving Ihe pipe or for drilling, a bar or 24n pipe is put tiirough a loop 
on riie spudding aitn, which is worked by 2 men for raising and dropping the drill stem. 
The pipe is 4 >/$ in outside diam, and */ie in thick. Complete outfit for 50-ft poles weighs 
about 2 600 lb; approx cost, $800. Speed of drilling depends on accuracy of test desired, 
as well as kind of ground; a 50-ft hole in aver placer gravel takes 2 days; a 30-ft hole is 
often made in a day. 

6. MISCELLANEOUS BIGS FOR SHALLOW BORING 

Mackintosh outfit is used in soft material, to reach bedrock or ground-water level; 
not suitable for hard rock or very atony soil. Depth of holes, rarely over 50 ft; has been 
used for locating placer gravels below overburden, and sampling subsurface water. 

A serise of 4-ft by 0.5-in rods are coupled by 1-in nipides, and have a nickel-eteel, 11/is-in 
driving point. One man operates tbe tool by a lifting and driving device of two 15--n hinged steel 



Fig 10. Stripborer Drill 

arms. When the arms are folded, they will pass over the rods; but, when brought into slinement, 
the jaws grip the rods. By bearing down and turning on the arms, the rods are forced down. 
On reversing the jKieition of arms, and pulling and twisting, tfis rods are withdrawn. The outfit 
can also be used for boris or upward boring underground, requiring only 4 ft width of operating space. 
In tough ground on surface an anvU ring ia attached to the top rod. Striking on it is an annular 
hammer, which is dropped and raised (as in Fig 2). 

The borer can make 20 holes 20-30 ft deep in a day. Outfit for 50 ft: 12 rods, 1/2 in by 4 ft, 
with nipples; 1 driving point, 9 in long fay 1.25 in ^am, and another, 18 in long by 1.25 in; ^ving 
head; core tube, 24 in by S/g in;' lifting and driving head; total wt, 50 lb. Extras: additional 
rod*, auger tool, pulley block, 30 ft of 5/g^n wire rope and swivel book for lifting rods. 

Core samirfes are taken by replacing the driving point by a core-barrel, 24 in long and S/gen 
bore, the rods being hammered and rotated to cut the core. Two porta in top of core-barrel allow 
eeeape of solids picked up as core enters ths tube. To take sampi.bs op water, a driving point with 
1 aperture is used, eliding in a alaeva also having an aperture. IVhen lowered, the aleeve is kept in 
ite top poeition by friotioa on the aides of the bole. On resohing water, the rods are raised a few 
inchee in the sleeve, to bring Uie 2 aperturea together. Water enters and ia retained by ri'ving the 
rode a half turn. 

Stripborer drill » self contained, caterpillw or skid mounted, for bom bolee 2-6-in 

to lOWt depth, in easily drilled material, without use o/ water (Fig 10). Operated 
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fay 80«hp Diesol engin* or eleo motor. Boda>are in lO^ft lengths. Hie Sowing, tootibed 
bit is faced with tungsten-carbide. The twin-blinder oil feed has a toivel of 30 in, and 
can exert a 5-ion press. Two vert hydcaulio cylinders adjust position of the drilling 
head. Total wt, 10 000-10 500 lb; cost, $9 400. At one co^ mine, 1886 0-in holes were 
drilled in shale to aver depth of 48.4 ft, at 46.5 ft per hr. 

Concore core-drill is a small, light mschme, for 1.5-16-in holes, chiefly used for 
cutting test specimens, as from dams and walls. Holes can be drilled in any direction, 
as the base-plate is bolted against tlie face of the material to be drilled. Usual diam of 
core is 4 in, in lengths of 12-15 in; length of feed, 2-5 ft. The toothed bit, of mild steel, 
is faced with tungsten carbide. Wt of drill, with 4-hp1eaaolene or 3-bp dec motor, 240 lb; 
with 4-hp air-motor, 190 lb. Rate of drilling 4, 6 or 8-in cores is 30-45 min per ft. 

McKinley entry borer. Two of these, installed in New Orient coal mine, Nov, 1927, 
have been developed efficiently (5). Cutter bars E and F (Fig 11), each 7 ft 2 in long, 
have 6 rows of teeth, with an axial bit at center. The bars, 5 ft apart, make overlapping 


B C 



I I 

Fig 11. Diagram of MoKinlay Entry Borer 


circular grooves AB and CD, by means of 
teeth 1 and 6; tooth 2, 3, 4 and 5 cut con¬ 
centric grooves around the bit. Coal be¬ 
tween the grooves is broken out by bevel 
rollers. Back of the cutter bars are toothed 
chains, supplementing the cutters’ work 
by removing the coal from B to C and A 
to D. The coal is carried by buckets on 
the cutter-bar shafts to a conveyer, driven 
by a 15-hp motor, and dumping into a car. 
A pump, driven by a 5-hp motor, exerts a 
press against the face of 3 000 lb per sq in, 
giving a normal advance of 5 in per min; 
generally, the pressure control is set to kick 
out at 2 400 lb, for an advance of about 3.5 


in per min. The cutters and chains are driven by a 100-hp, 460-rpm motor, through 
bevel and worm gears. Power is brought to within 300 ft of the borer by a 1 000 000 
circular mil cable, with a trailing cable to the machine; current is 200 ampere, at 240 
volts. 


Curves of 80-ft radius, and grades from —11% to +17% are easily negotiated. The smooth 
surface left and the arched support on the ribs, no explosive being used in driving the entries, mini¬ 
mise cost of timbering. From Apl, 1934 to Jan, 1938, aver advance was 45 ft per 7-hr shift. Typical 
time study (minutes): bonng and loading coal, 175; changing ears, 73.5; track work, 17.1; waiting 
for locos, 27; setting jacks, 17.8; setting bits, 46.2; repairs, 32.4; miso, 26; total, 420 min. 

P. A. P. alluvial prospecting drill is a light 4-in drill, with 3.5-hp gasolene engine 
mounted with gearing and drum, on a base of small channels and I-beams; operated by 
2 men. The tubular derrick has 4 legs, 2 of which are hinged to base plate. The outfit 
can be mounted on 2 wheels for moving. With engine running, drilling is done by tight¬ 
ening a turn or two of the rope on the drum to lift the drill, then loosening the rope to 
allow it to drop. To change from drilling to pumping, the rope is reversed, the driU 
being attached to one end, the pump to the other. Equipment for drilling 50-ft holes: 
drill with engine, gears, drum and derrick; 125 ft of 1-in rope; bit; jarring clamps; 50 ft 
4-in casing; drive head; cutting shoe; pipe clamps; sand pump; pipe wrenches; Barrett 
jacks; net wt, about 2 450 lb. 

Bnda-Hubron drill is for shallow boring, for soil testing, etc. An attachment for 
drilling small holes in soft rock can be furnished. Standard rig makes holes to 30-in diain 
and 24 ft deep; 42-in holes can be drilled to 10 ft; 50-ft depths are posrible. The helix 
cutter resembles a post-hole digger, but has lips and teeth for boring in frozen ground and 
shale. Engine rotates a square shaft carrying cutter, the weight of which forces it down 
until 15-18 in of dirt is built up on the cutter. Rotation is then stopped, lifting clutch 
engaged and 2 roller chains bring dirt to surface, where the drill is automatically stopped 
and locked; then, a moment's rotation throws dirt off by centrifugal force. In hard soils, 
press is brought on the drill spindle by a feed lever, pumped up and down by hand, as in 
working a jack. The helices are in rises from 13 to 42 in. In aver soil, 2 men can drill 
about 1 ft per min; in shale, IS-in holes, 20 ft deep, in 40 min. In soft soils, a twin oyl, 
12-hp gasolene engine is used, cost with qteoial base for mounting on a 1.5-ton truck, 
$1935. For harder soils a 2S-hp, 4-cyl engine is used. Coat of trueh-mounted outfit, 
$2 346; wt, 9 700 lb. With caterpillar treads, winch and derrick, coat is $5 250. 



Fig 12. Standard Oil-well Rig 

6. CABL£>TOOL DRILLING FOR OIL 

Thta old method, for oil. gaa, sulphur or water, is also called chum drilling. In 1850, the first 
nl well in the U 8 was drilled near Titusville, Pa, using a steam rig; depth, only 69.5 ft. The 
rotary method of drilling (Art 7) is now esdusively used for deep wells, say over 6 000 ft, but sta¬ 
tistics show that about 45% of the oilwells in the U S are still drilled by cable tods. 

There are 2 general classes: the standard rig, with stationary derrick (Fig 12), and 
the portable rig; both consist essentially of a band-wheel, bull-wheel, walking-beam, sam- 
scm post, pitman, crank and wrist pin, sand reel for bailer, and may also intiude a calf- 
ititesl (Fig 19). 

Standard rig developed in Penngylvania, is commonly used in tiie eastern fields for 
oil and gas wdls. 
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Nunes of puts of tppiesl ric shoem in (Fit 12): A, nOM sill; Au As, A 4 , pradsab; B, auda 
sill; C, sub or counter-^; i>, sandresl tsO-eni; knuckle post; F, tail poet; Fi, tidl-poet brnou; 
O, H, front and rear jack poets; Hi, Ht, jack-post braces; I, sunsoa poet; h, Jt, 1%, I 4 , ssmaon- 
poet braces; walking beam; ,/i, walktnc beam cap: iC, sandreel; Xt, ^s> FTs, aambeel lever, reach, 
and handle; L, handwheel; M, pitman; N, derrick foundation paste; O, Oi, derrick mudeills; 
F, Fi, Fs, Fs, F 4 , Ft, derrick floor sills; X, bullwheel; Xi, Xs, Xs, bullwheti poets and brace: <S, 
headache poet; T, U, V, derrick legs, girts and braces; W, derrick ladder; X, crown Mock; Y, 
eandline pulley block; a, flangee; b, shaft, crank and wriatpin; c, saddle and side irons; d, stirrup: 
/, brake lever; g, brake ^nd; i, crown pulley; 3 , eandline pulley; k, reverse lever; 1 , engine block; 
lu hf engine pony-sills; m, mi, mudsUls; n, engine-block brace; o, boiler; 9 , sanifliiae; r, cable; 
s, bi^ rope; t, ( 1 , telegraph cord and wheel; v, reverse cord; s, handwheel tug pulley; is, sandreel 
.friction pulley. 

Rig irons consist of: handwheel shaft, with crank and flanges complete; jack-posts boxes, 
saddle and side irons for supporting the wMking beam; stirrup lor connecting pitman to walking 
beam; sandline and derrick pulleys; gudgeons for bullwheel and sandreel. Sixe of the outfit is 
denominated by the diam of handwheel shaft; standud sixes are 3.5,4,4.5 and 6-in. 


Table 8. Details of String of Tools, Oil-well Rig 


IP 

Is 

i. 


ToeJ 

Length, ft 

Diameter, in 

Weight, lb 


Bit. 

3.5 to 6 

16 to 46 
about 5.5 

6 to 16 

2 5 to 4 

4 to 20.5 * 
2.75 to 6 
3.5 to 8 
2.75 to 6 
2.75 to 6 

170 to 3 750 

20 to 96 per ft 
100 to 800 

20 to 98 per ft 
40 to 350 

a is length 
of cutting 
edge, or 
gage, of 
bit. 

Auger stem.. 

Sinker bar... 
Rope socket.. 


Fig 13. String 
or Tools for 
Standard OU- Fig 14. 
]Ug 


String of tools (Fig 13) is attached to walking beam, and Ute feed 
regulated by means of the temperscrew (Fig 14). The jars, a pair of links 

for loosening bit on upstroke, have a 4 to 12- 
in stroke; special fishing jars, 36 to 48-in. 

Derrick is high enough to allow string of 
tools to swing clear of hole. Standard height, 
from top of sills to under side of crown 
block, is now 72-84 ft. Base generally 20 ft 
square. See also Art 7. 

Load on drilling cable, under ordinary 
conditions, is that of the string of tools, or a 
string of casing. Possible max load on the 
derrick is twice the ultimate strength of 
drilling cable. This load must be distributed 
evenly by the crown block to the derrick 
legs. Fig 14 gives sizes for the important 
timbers in an 84-ft, spike-joint derrick. Other 
designs by the oil-well supply houses are buUt 
of bolted wooden members, gas pipe or struc¬ 
tural steel. These derricks can bo set up 
and dismantled with little, if any, destruo- 
tion of material, and in less time than the 
spiked wooden derrick. 

Hoisting and transmisMon mad^inery. 
Bandwheel shaft, which distributes the power, 
is actuated by bolt from the engine pulley to 
the handwheel. From it the bullwheel is 
driven by a crossed rope running in grooved 
pulleys, the sandreel is driven by friction 
from the bandwheel, and the walking beam 
is actuated through crank, wristpin and pit¬ 
man. Bullwheel carries drilling cable and 
casing line. It is thrown out by throwing oif 
its crossed driving rope. When not connected 
with the engine it is controlled by a bond 
lasiag Bead brake. Sandreel is used to run the bail«r in 
and out of the hole. When the sandreel levor 
is pulled forward, the friction pulley engages 
the bandwheel and bailor is hoisted. ^>eed 
of lowering ie controlled by throwing the fric¬ 
tion pulley against a friction post (not shown). 
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Cants, attna, handlew, and shafts for buUwhe^ handwheel and aandred can be pureha^ 
from Wdlvsupply houses. Engine throttle is eontroUed the tdegraph cord running 
horn the tehgraph whed on the headache post. Reversing lever is oontroUed by s rod 
running to the headache post. 

Ropes. Hawaer-laid Manila caUe. or wire rope, is used for drilling. Wire rope, 
though causing more wear on casing, is best in holes filled with water, where the buoyancy 
and stretch of hemp tope may interfere seriously with action of the string of tools. The 
usual wing bops is 6-atrand and 19-wire extra strong oasiHsteel hoisting rope. For sand- 
lines, 6-strand 7-wire east-steel rope is the rule. For data on ropes see Sec 12. 

Power. For steam the engine is single-cyl, 12 by 12-in, with a 40-hp boiler; for deep 
drilling, a 14 by 14-in engine and 75-hp boiler. Boiler press, 100-150 lb; hp, 80-150, 
at 100-300 rpm of engine. With elec power, the motors are 25-65 hp; 2 motors being 
coupled to a common countershaft for deep drilling. When Diosol or gasolene engines 
are used, they are usually 50-75 hp, up to 
150 hp for deep drilling. More atten¬ 
tion is being paid to fuel economy than 
formerly. 

Bits (Fig 15): spudding bit for 
sand, gravel or clay, is thinner than the 
rock bit, as its action is merely to stir and 
mix the material with water; “Mother 
Hubbard” bit (6), for hard rock, com¬ 
pletely fills the hole, and keeps it straight; 
c is the regular bit for water-well drilling; 
d is Calif omia pattern of Mother Hubbard 
bit; star bit (e) is for hard, creviced rock, 
its 4 wings tending to keep the hole 
straight; placer bit (/) is made thin to 
stir up rather than crush the gravel, as in 
placer drilling (Art 14). 

Spudding, employed for the first 150 
to 200 ft of hole, consists in churning the 
tools up and down on a short length of 
cable. Two methods of actuating the Fig 15. Churn Drill Bits (Star Drilling Mach Co) 
cable are employed: (a) one or two turns 

are taken around the bullwbeel shaft, the operator grasping free errd of cable. By alter¬ 
nately tightening and loosening the cable on the revolving shaft, the tools are raised and 
dropped; (5) end of drilling cable is attached to the bullwbeel and a “ jerklino” passed 
from handwheel crank to a spudding shoe (Fig 16) placed on the drilling cable, a few feet 
above bullwheel. The weight of the tools is held by buUwheel band brake and churn¬ 
ing motion is obtained by the jerk on drilling cable. 

A special form of bit (Fig 15a) is used for spudding through surface soil. While spud¬ 
ding, water is poured into the hole to make a mud which will hold cuttings in suspension. 




Fig 16. Spudding Shoe 


When sludge becomes so thick that fall of the bit is impeded, 
tools are withdrawn, and hole cleaned out with baideb (Fig 
17). String of tools for this work usually omits sinker bar and 
jars. If surface soil will stand without support until bedrock 
is reached, the bole is drilled "open.” When rock is reached, 
the tools are withdrawn and conductor pipe is lowered into hole 
and seated firmly in rock to prevent entry of surface soil. If 
soil oaves, drive pipe must be driven ahead of bit. 


Driving pipe. A shallow hole is dug and in it is placed the first length of drivepipe 
with shoe and drivehoad. The pipe is plumbed and earth filled in around it. Driving is 
done by a block numiitg in guides in the derrick or by drive clomps lx>lted to a square on 
the stem. Weight is raised and dropped by either of the methods described under Spud¬ 
ding. When the pipe has been driven to refusal, the core is churned up and hole bailed. 
Lengths are added to the pipe as necessary (Art 8). 

Drilling. After the hole has been spudded to such depth that there is about 100 ft of 
cable in the hole, the walking beam is brought into play. The drilling cable is wound 
onto the buUwheel, pitman connected with one of the inner holes on crankshaft, t«nper- 
Bcrew hung on forward end of walking beam, the tools rested on bottom of hole, and the 
cable let out until there is about 4 in slack in the jars. The cable is wound with marline 
at the point where the tempersorew clamps grip it, temperscrew is clamped on, and the 
buUwheel slacked off, thus transferring the weight to the walking beam. About 25 ft of 
cable iP run off the buUwheel and thrown on the floor to prevent lashing. On starting 
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•Dgiiie, tbe toola are ]ibked tip irith a diook as the links of the jars oome together, that 
preronting the bit frcna sticking in the hole. Downward stroke of the string tools is 
quicker than movement of the end of the walking beam, because <4 the qiring in the 
cable, action of tbe to(^ being that of a weight suspended b/ an elastic cord. As hole 
de^>ens, the bit is fed down by tempersorew (fig 14), For the first 200 ft or so tire cable 
is twisted to keep the bole round. Beyond this depth, the twist in the cable itself is 
sufficient to bring the bit to a new seat at each stroke. When tempersorew has run out, 
it will usually be advisable to pump out the cuttings. Slack of the drilling cable is takoi 
up on buUwbeel, tempersorew clamps loosened, tempersorew run back, pitman thrown off 
the wristpin, and rear end of walking beam lowered. Tools are hoisted, 
swung to one side, and the bailer run in. After hole is pumped out, the 
tools are again lowered, attached to walking beam, and drilling is resumed. 

Reamers (Fig 18) are primarily for enlarging a hole already drilled (below 
oastng that is to be lowered farther), or for dressing a rifled hdie. Under-reamers 
(A, Swan, R, Ideal) have 2 cutting wings, which are forced outward by springa 
On pushing the reamer past lower end of casing, and ohuming it up and down, 
the hole is enlarged. C is a solid eccentric under-reamer; Z>, a round reamw 




Kg 17. Dart 
Bailer 
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Fig 18. Reamere 



for straightening or dressing a hole: J8, hollow reamer for removing outtings from around the top 
of an object in the hole that ie to be fished out. 

Fikhing toola are for recovering lost or broken tools from the hole. The commonest ACCiDSim 
in drilling are: (a) sticking of the tools, due to wedging of the bit or caving of the walls; (b) breakage 
of some member of the string of tools; (e) unscrewing of a joint in the string of tools, resulting in 
loss of the lower portion; (d) breakage of drilling cable; («) breakage of the sandline; (/) etioking 
of the bailer; (g) "freesing” or sticking of the easing; (h) loss of a part of the string of casing; 
(i) lose of some email article by dropping into the hole. 

Catalogs of Oil Well Supply Co (Pittsburgh) and other makers contain outs and desariptioiiB of 
the tools for dealing with different accidents, and exi>ert drillers sometimes devise epecisl appliances. 
Fishing tools are too numerous to be detailed here; following are a few brief notes. Stuck dsilumfo 
TOOX iB. If continued jarring with the drilling jars fails to looeen tools, a bpsab may be run into the 
hcle on a separate line, and churned around the string. Failing this, the rope is out off dose to rope 
Boeket by a ropk knips; after which an attempt is made by a sup-or hobh-bockbt, attadied to 
loag fishing jars, to grip the tools. Bboxxn bopx may be picked up by a serrated bopb spbaix 
If part of string of toob becomes unscrewed in the hole, it can often be recovered by lowering a 
sinker bar on a string of tubing and screwing it onto the lust tools; or the horn-eocket rnay be ue^ 
If a broken string is battered or forced into the walls of the hole, a bpub is used to drill around ttw 
lost part, which may then be gripped by a horn-eocket. Many other oasee arise. 

If fisMng fails to recover the lost artide it may often be broken up by drilling, or blown into the 
side of the hole with dynamite; or the hole may be diverted at some point above. This latter operatiion 
is scoomplisfaed by obstructing tbs hole at the desired point with some material more resistant 
than the rock being drilled (flint, stee! or even old cordage will eerve) and then drilling with a string 
of tools of smaller diam than the st.:mdard sise for the hole, the bit being sharpened to a oUsd edgt. 
A hole is rarely abandoned because of aa aeddent. 

Combination rig (Fig 19) is designed for both cable-tool and rotary drilling. Fona^rly, 
it was considered best to drill to oil sands with rotary tools, and then bring in the well 
with oaUe tools, ainoe rotary tools might pass through oil sands where the formatiwi 
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pressure was low, without their beiiig recognised. Improvements • in rotary drilling 
technique (Art 7} have practically eliminated this objection. 


Table 3. Specifications for Cable-tool Rigs 


Depth of well, ft. 

A 

to 4 000 

S 

SOOO 

C 

6000 

Derrick 60 ft high, 20 ft square at base, 5.5 ft at top, 
with base plates, ladder, gin'pele, headers, bull- 




wheel girt and all bolts; safe working load, lb. 

244 000 

244 000 

333 000 

Steel base, 20 by 20 ft, with all eills and headers. 

1 

1 

I 

Crown safety platform. 

1 

1 

I 

Bandwheel, diam, ft, by width of face, in. 

II by 12 

12 by 14 

12 by 14 

Double-tug pulley, 7-ft diam. 

Triple-tug pulley, 7-ft diam with braces. 

1 

1 

t 

Bullwbeel (a); diam, ft, by width of face, in. 

'Oby ii 

Oby 14 

Oby 14 

Bullwhed shaft, tubular, with dogs; diam, in. 

12 

10 

18 

Set of wire-line clamps, steel-lined; number. 

2 

18 

10 

Crown block and sheaves; number of shaves. 

2 

6 

6 

Steel bull wheel poets, with bearings and knee bracing... 

2 

2 

2 

Set of A. P. I. rig irons; sise, in. 

4.5 

5 

6 

With 12-in (A) or 14-in (B, C) brake irons, comprising 




Crank and shaft; sise, in and ft. 

Walking beam saddle with stirruiw and plates. 

4 V2 by 51/2 

5 by 8 

6 by 8 

1 


sise, in. 

2 side-irons and bolts; size, in. 

4.5 

5 

6 

4.5 

5 

6 

Brake band (b); thickness and width, in. 

1/4 by 12 

1/4 by 14 

S/8 by 14 

6-ft brake lever; size, in. 

21/4 by 12 

2 1/4 by 14 

21/2 by 14 

Brake staple; sise, in. 

1 1/4 by 12 

11/4X14X16 

11/2X14X16 

2 brake-band clamps; size, in. 

12 

14 

14 

Ftont and back jack-post bearings, with bridle 




irons, in. 

4.5 

5 

6 

Wrist pin; site, in. 

2 75 

2.75 

3.5 

Steel pitman with stirrups. 

1 

1 

1 

Sandreel (c), with swing lever and tail post. 

1 

1 

1 

Steel walking beam, 26 ft long, with temperscrew and 




pitman stirrup bearings.. 

1 

1 

1 

Foundation timbers, set. 

1 

1 

1 

Steel jack-posts, 5 ft high. 

2 

2 

2 

Steel samson post, 15. 5 ft high. 

1 

1 

1 

Steel calf wheel for 80-ft derrick, 7.5-ft diam by 12-in 
face, with 24-in tubular shaft and 90-in sprocket 




tug rim, steel spool flange and reserve spool. 

1 

1 

I 

Calf-wheel posts, with bearings. 

2 

2 

2 

Calf-wheel irons, with 12-in brake irons, set. 

1 

1 

1 

Approx weight, lb. 

60 000 

78 500 

85 000 

Approx price . 

$3 750 

$5 950 

$6 775 


<a) for C, with double brakes, one 12-in and one 14-in brake wheel, (b) Length: for A, B, 29 ft; 
for C, 26 ft. (e) For A, 12-in diam, 42-in straight face; for B, chair-driven, 36-in, with crank shaft 
parts; for C, Model 70-A, chain driven. Above specifications do not include lumber, engine belt, 
forge and derrick houses and walk, tools, cable, cordage or motive power. 


Portable cable-tool rigs are suitable for 1 000 ft or less, to 4 500 ft or even deeper. 
They are of steel throughout, and may be truck-mounted, and move under power of a 
steam engine and boiler, or a gasolene engine. Some are moved on wagons, and then 
assembled with mast or derrick. The lighter portable rig is the “spudder,” similar to 
churn drill (Art 3). 

Truck-mounted rigs for depths to 1 000 ft may have broad tread wheels, caterpillar 
treads, or a combination of the two. Engine, of 35-40 bp, uses either gasolene or natural 
gas, and may propel the machine. A folding mast is customary, and can be quickly 
erected; usual height, 40 ft from sheave to mouth of hole. Liarger portable rigs can drill 
2 500 ft, or clean out wells as deep as 4 500 ft. They will handle a load of 40 000 lb of 
casing, or an equal loa^i in pulling out a string of stuck casing or tools. Power is com¬ 
monly from a 4-cyl engine, of 90 hp, at 1 000 rpm, with a planetary reversing gear. Other 
regular equipment has a 56-ft mast, 7.5-ft handwheel, 4.5-ft buUwheel, friction driven 
sandreel and chain-driven calfwbeel; higher and heavier masts are obtainable. Com¬ 
plete rig of this type weighs about 42 0(K) lb, without tools. Another portable rig, for 
which the individual parts are assemoled where required, can drill to 3 000-4 5(X) ft. 
Masts are 60-65 ft high, of 50 000 lb capso, and can handle 2 lengths of casing at one 
time, with a 100-hp engine. Total wt, 25 400-35 500 lb. Tractor rigs we often used 
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with a standard derrick, and are important in drilling exploration holes, to secure samples 
of strata within relatively shallow depths. 

Exaaiplea. K^'ort Worth Spudder, Model C, drills to 1 500 ft. Drum holds 2 SOO ft of 5/s>in 
cable. Mast, 38 ft; handwheel, 00 in; hp, 20-30; wt of machine, less power plant and tools, 
13 600 Ib; east 81 550. Main sills on back and can be extended for mounting engine; or, engine 
may be placed 40-60 ft away, with Belt drive, to avoid danger of igniting well oU. Modd Jumbo J, 
few 5 000 ft, has a 52-ft mast; drum for 0 100 ft of 1-in cable; engine, 100-150 hp. Weight, without 
engine or tools, 39 SOO lb; oost, 85 700. Local conditions deternune details of outfit. Thus, the 
Jumbo J complete with tools, for east Texas field costs 88 000-89 000, but in Montana about 
815 000. Fig 20 shows No 3 National belt-driven rig for 4 000 ft, with 65-ft steel mast that will 
handle 50 000 lb of easing, or 100 000 lb with aid of shear poles. Lighter rigs are made for 2 500- 
3 500 ft, with 65-ft mast, 3-shcave shear poles, hoisting blocks, 300 ft of 5/g-in cable, 65-hp Ajax 
engine, boiler, and gas burners; wt, 70 000 lb; oost, 89 500. A smaller outfit with Diesel engine, 
weighs complete 8000 lb; cost, 86 500. Accessories: 100 ft 12-in belt; belt clamps; 4.2,1, 5 and 
6,5-in by 34-lt drill steins; two sockets; 5.6-in drilling jars, 4-in stroke; 5 sets ot bits, 65/g, 8.25, 



10, 12.5 and 15.5-in by 7 ft; set of bit gages; 5 bailers, 14-in by 10 ft, 10.75-in by 20 ft, 0-in by 
25 ft, 7-in by 30-ft and 5.5-in by 30 ft; 2-in bailer dump; 4 300 ft 7/g-iti cable; two 4 500-ft sand 
lines, Vg and 9/ie-in; 2.7S-in by 6-ft temperscrew; set 14-in cable clamps; 00 ft of S/s-in wire line 
for raising temperscrew; No 2 tool jack; UJ tool brace; 1.5-ton denick crane, with trolley; 2-toa 
ball-bearing chain-hoist; swivel wrench; bit pulley, with 5/g-iii by 8-ft endless chain; six 5-in Hay 
Fork pulleye; 500 ft 1-in casing hne; set (2 each) extra heavy center-latch elevators for bits, with 
72-in links; two sets 15.5-in casing tongs with bushings; 8-ft easing pole; 37 by 20-in casing block; 
37 by 20-in triple-sheave block; No 3 derrick forge: No 3 slack tub; 400-lb anvil; set 4.50-lb tool 
wrenches with liners; rear casing wagon; 3 KW steam-turbine rig'lighters; tool box; No 743 pipe 
vise; No 1 and 00 stocks and dies, complete; hand tools, pipe cutter, fittings and about 200 ft 
each of 2-in and 1-in black pipe. Approx total wt, 20 000 lb; coat, $10 300. Costs as of 1938. 


7. ROTARY DRILLING FOR OIL (see also Sec 44) 

This important method had its inception in 1882, when the Baker brothers, drilling 
contractors, of Yankton, Dak, tried a crude bit on a rotating string of pipe, pumping water 
down the pipe to raise the cuttings in the annular space l^tween pipe and walls of hole. 
About 1895, they interested 3 Texas water-well drillers, Johnston, Aikin, and Ritters- 
backer, formed the American Well and Prospecting Co, and built the first rotary outfit 
in Spindletop oil field, Texas, in 1901. The method has since been highly developed. 

In yotary drilling, the bit, of various designa (Fig 24) depending upon the material 

T^_in 
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drilled, is screwed to a stiing of Iteavy drill pipe (20-30 ft lengths), at upper end of whieh 
is a rod of square sectioa, 30-60 ft long (“grief straa" or “Kelly"). This passes throi^ 
a square hole in a horis “rotary table," driven'by engine or motor (Fig 21). During 
rotation, the Kelly and attached drill pipe, suspended by a swivel from a hook and multiple 
hoisting block, are free to move up and down. The cable is reeved under the hoist^ 
block and over sheaves in the crown block at top of derrick down to the hoisting drum, 
which, driven through chains and sprockets with clutches, has 3 or 4 speeds. This 
apparatus is called the “drawworks." A “slush pump” forces muddy water through the 
swivel, down the drill pipe, thence through holes in the bit, and back outside the pipe to 

surface, bringing with it the cuttings. The dis¬ 
charge goes to the mud pit, where it is screened 
and settled for reuse. 

Since about 1933, the technique has greatly 
improved. Drilling to 15 000 ft requires heaAO', 
rugged equipment. Effects of temp of 200‘*-3(X)° F 
must be controlled, and faster drilling done to 
economize costs. Important factors leading to 
better results are: concentrating wt close to bit 
by using more and heavier drill collars; hence, 
fewer failures at the neutral point, where tension 
changes to compression; increasing speed of rota¬ 
tion from 125 to 300 or even 400 rpm; use of wt 
indicators to show the load carried on bits; im¬ 
proved bits; shaker screens for cleaning mud fluid: 
applying methods of colloid chemistry to control 
and keep mud in best condition; higher steam 
press and use of .<niperheated steam to lessen line 
losses; unitizing the individual drives of drawworks 
and rotary tables, with resultant better control; 
improved drill-pipe and tool-joint connections to 
minimize breakage; general use of survey instru¬ 
ments to check divergence of wells; better equip¬ 
ment for deflecting holes where required; use of 
equipment for shallow holes that can be quickly 
assembled or moved; skidding casing racks, pump¬ 
ing and drilling equipment, even derricks, to next 
location. 

Driving equipment. Where fuel is cheap and 
good water available, steam plant is preferred, as 
drillers understand it better and engine can readily 
take overloads. Individual engine drives are fa¬ 
vored for the rotary table and drawworks. In 
Okla City field (8), depth about 6 000 ft, 2 125-hp 
to 4 100-hp boilers are used; steam press, 250-350 
lb. Water for steam rigs, 1 800-3 000 bbl per day, 
plus 400 bbl for slush pumps. For deep drilling in 
Calif (13 000-15 000 ft), plants range from 6 125-hp 
boilers at 250 lb press to 5 135-hp at 350 lb, steam 
superheated to 650° F. Sometimes a central boiler 
Fig 21. Rotary Drive (Union Tool Co) plant serves several wells. In Louisiana, for 

10 000-ft wells, usuid plant is 3 125-hp boilers, at 
350 lb press, and 14 by 14-in twin engine. An efl5c steam plant, near Bird Island, Gulf of 
Mexico, comprises: 2 125-hp, 350-hp boilers, with feedwater heater and superheater, 
mounted on a barge; 136-ft derrick and substructure on piling; twin vert 12 by 12-in 
engine for drawworks; twin vert 7.75 by 7-in engine for rotary table; 14 by 7.25 by 18-in 
duplex pump; 7.25 by 18-in power pump, driven by twin vert 7.75 hy 7-in engine wilh 
V-belt. Drilling below 7 100 ft, possibly to 12 000 f^ insulated steam lines and condenser 
reduced back press on engines and returned heated, clean water to boilers; approx 47 bbl 
of fuel oil and 300 bbl of water coasumed daily for all purposes, the rig taking 200 bbl (18). 
If natural water is hard, a lim.:, soda-ash or alum chemical treatment is used. In Okla 
City Arid (9), such a plant treated 260 000 bbl water per day, at aver cost of 1 to 3fl 
per bbl. 

Diesel power is common where gas is corrosive because of sulphur content, and water 
too hard for boilers. As gas engines are limited-torque machines, a friction clutch is 
required to pick up load. The heavy loads in deep drilhhg impose severe etrains on dutch 
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and tranffniBHon parts. But, gaa enginea are ecooomioal; under aver conditions, 2 S.iO'hp 
Diesels consume 7.&-10 bbl fuel oil, and 3-5 gal lubricating oil per day. With enclosed 
cooling system, water lost through evaporation aver^es 50 bbl per day. In KMA field, 
Tex, trend is toward two 225-250 hp Diesels for deptits to 4 000 ft; fuel and lubricating 
oil cost 39t^ per ft on 11 OOO'ft wells, to 26fl on 6 400-ft wildcat wolla. In proved fields, 
coats are 19fi per ft on 6 700-ft wells to 14(i for 4 OOO-ft, where drilling conditions are aver¬ 
age and fuel-oil is $1.70 per bbl. Total water for Diesel rig is about t /20 of that for steam. 
In an Eastern field, drilling to 6 000 or 8 000 ft, 2 200-hp 6-cyl gas engines used 40 000- 
60 000 cu ft of gas per day, and 100 bbl water. A steam rig in same region used 15-20 ton 
coal per day. 

Electric power is flexible, easy to control and has high effic. First coat of a Diesel- 
electric rig is relatively high; operating and maintenance costs, low. Twin-motor drive 
is used on deep wells. Motors must be explosion proof, if well is gassy. Diosel-elec 
plant, with dc motors and Ward-Leonard control, is a very flexible unit. For medium 
duty, 2 260-hp Diesels drive 2 125-kw, 1 200-rpm dc generators, with two 150-hp, 200-volt, 
OOO-rpm shunt inotora, or one 160-300-hp, 220-400 volt, 450-900 rpm motor. Wash¬ 
down and fiesh-water pumps uso 2 5-hp 115-volt motors. Separate generators drive 
drilling and pump motors. For hoisting, 400-volt generators are in scries. A drilling 
motor develops half full load at 220 volts and 450 rpm; hoisting motor, full load at 400 
volts and 900 rpm. Two drilling motors are sometimes used. 


Table 4. First Cost and Annual Charges of Prime Movers (10) 


Type 

Pirst 

oust 

Per¬ 

cent 

Annual fixed 
and operating 
charges 

Per¬ 

cent 


$18 700 

31 160 

100 

$37 800 

— 

Alternating current... 

166 

24 500 

1 

Viiriabie voltaga, ac or dc. 

32 650 

175 

27 500 


Oasoicnc engine^ direct drive... 


220 

40 500 

mm 

Variable voltage (gasolene) dc... .. 

39 580 

211 

37 000 

mim 

DiMel enf^neSf direct drive. 

42 500 

227 

26 600 


Variable voltage dc, Diesel drive. 

45 540 

244 

24 800 

■i 


In Okla City field, to 1932, some 25 welLs were drilled by elec power. Equipment 
ranged from two 65-hp motors to one 250-hp motor for drilling; slush pump motors, 150- 
250 hp. An aver for 21 wells, aver depth 6 484 ft, was 54.35 kw-hr per ft drilled. Delays 
in 7 wells caused abnormal consumption of current (8). 

Special drilling outfits include: Oitwell-Hild or IdeiU Halliburton differential drive, and Hydril 
rotary outfit; first two give ciose control over wt on bit; the last has a vert engine (geared to the 
rotary table), which lifts and lowers the drill stem by hydraulic jacks, and thus exerts a downward 
press on drill pipe, if drilling must be done under press, os when “ heaving ” formations are encount¬ 
ered ( 8 ). Hydraulic feeds are also obtainable. In general, use of weight indicators, improved 
bits, long lengths of heavy drill collars, and frequent surveys, have tended to foster drilling and 
doser control over the deflection of holes. 

Derricks. Before standardization of equipment was begun by American Petroleum 
Inst, each manufacturer used his own specifications. As most makers have adopted 
API standards, much equipment is now interchangeable. There are 9 regular sizes of 
steel derricks (Table 5) and 8 of wood. 


Sizes of wood dwricks are 
same as in Table 5, except 
that No 10 has a 22-ft base. 
Columns 5, fl and 7 give ap¬ 
prox data for aver designs. 
Heights are measured vert 
from floor joists to bottom of 
water-table beams in top of 
derrick. API capao of steel 
derricks, stamped on name 
plates, is 4 times the stati} load 
oapac of a single leg, based on 
safety factor of 2 at the jndd 
point, or factor of 3..5-4 on uit 
strength of steel, omitting wt 
of derrick and vibi ation of live 


Table 5. American Petroieom Institute’s Steel Derricks 


No 

Height, 

ft 

Base, 

ft 

Water table 
opening, ft 

Capacity, 

lb 

Weight, 

lb 

Approx 

price, 

1938 

8 

66 

20 

41/3 

159 000 

9 730 

$ 800 

9 

73 

20 

41/8 

159 000 

10 560 

825 

10 

80 

20 

51/3 

244 000 

13 350 

1 000 

IIA 

87 

20 

51/2 

244 000 

14 080 

1 050 

11 

87 

24 

51/2 

333 000 

16 560 

1 200 

12 

94 

24 

51/2 

333 000 

16 530 

1 300 

16 

122 

24 

51/2 

537 000 

30 120 

2 300 

18 

136 

26 

51/2 

645 000 

37 980 

2 660 

ISA 

136 

30 

51/2 

800 000 

47 090 

3 400 
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loads, it 1$ good practice to assume the max orown-block load plus wt of derrick to be equal to the 
API safe working load. To this add wt of substructure and machinery supported by foundation 
piers, and distribute the total to determine max load on piers. Assume 1 l/s-in plow-steel cable, 
of U4 DOU lb ult strenffth; if reeved 10 times through crown and tr.aveling blocits, elective load 
on crown block is 94 000 X 10 - [(10 X 3.4%) X 940 000] « 620 400 lb; 3.4% boiriK the loss 
per reeve. Due to eccentric loading of crown block and angular pull of drawworks and dead¬ 
end line.s, a horis component of the load is applied to top of derrick, reducing its capae. API 
specificalions state: approx 20% reduction, if dead-end line is anchored to cn:-iier of derrick 
oppo«ite dr.awwoiks side; approx 7Vo reduction if dead-end line is anchored to calf-wheel oppo- 
aite drawworks; if the dead-end line is anchored to derrick on same side of drawwoilu, the der¬ 
rick capac is leduced about 4J%.. Derricks are designed for wind load of 70 miles per hr. 
Derricks like Emsco or Ideco are built iii 6-12 suosizes for each standard API height; main Itg 
angles ranging from .I by 3 by S/^-iu to 8 by 8 by S/i-in. Special reinforcing members nmj be 
ussd, at added cost of $60v>-$850: that is, a No 18 derrick may be had in capacities of 243 OOo- 

1 132 333 lb. After completing the well, the reinforcement may be transferred to another derrick, 
the stripped derrick handling the pumping equipment. In general, a well should flow for at 
least 2.5 years to warrant replacing original derrick by a light one when pumping begins. Since 
wells are now being drilled to 10 000 or even 15 000 ft, derricks of 136, 173 and 1S.5 ft are com¬ 
ing into use; one company proposes 250 ft. A new design in the Wasco Held, i.) 178 by 26 ft, 
but instead of the usual umforiu taper it is tapered slightly at first, to 18 ft square at 125 ft 
(the "fourble” boards, giving mote space for stacking drill pipe in stands of 4 lengths or 
“fourbles,” within the derrick. 

Tall Calif wood derricks have legs of five 2 by 12 and one 2 by 10-in plank, to form continuous 
laminated angles. Inside girts, !..'> by 12 in, 16 ft apart: outer girts, two 2 by 12 in, spaced 8 ft, w’lth 

2 by 8 bracing. A combination wood derrick, 122 by 24 ft, requires approx; 40 500 bd ft Oregon fir 
and 11 540 bd ft redwood; wt, with wood parts of operating mechanism, about 146 750 lb; cor¬ 
rugated iron Biding, roofing and nails, 2 960 lb. Wood derricks are now little used, except for shallow 
wells to keep cost low; local ordinances may prohibit them within 500 ft of a building. A small red¬ 
wood derrick in one field cost, with casing racks and mud ditch, about 91 900. 

Erecting derricks is done at fixed charge b.v skilled crews specializing in such work, 
or by oil company’s men. Extras include: cellar, at top of hole, 0 to 20 It deep and walled 
with concrete; derrick foundations; woodwork and corrugated iron for roof and wind 
break around bottom of derrick. Derricks may be set on a steel substructure, 7-8 ft 
high, that carries rotary table, drawworks and engine; or on concrete pillars, or steel 
extension legs may lie u.sed. A 122 by 24-ft derrick, API caiiuc 403 000 lb, with concrete 
cellar and aU woodwork, costs about $4 500. Approx co,‘(t of 130 bj' 26-ft denick, API 
capac 935 000 lb: steel, $9 ,500; erection, $1 000; woodwork, $1 500; eoncreto, 100 cn yd, 

$1 8(K); total, $13 800. Concrete may amount to 70, 80, or 100 cuyd, at$12-$iy peryd. 

For a liiO-ft derrick, Mucco Construction Co gives aver labor cost of $1 500, equally 
diA'ided between steel, concrete, and woodwoik. To this add; say 70 cu yd concrete, 
18 000 bd ft of lumber nt $35 per M, and about $150 for corrugated lion. In Wyoming, 
erecting foreman is paid $14 per day; rest of crew, $11..)0' labor on concrete, 80^ per hr; 

9 skilled men can erect an aver derrick in one day, all foundations being in place, and gin 
pole and hoist ready. An oil company gives following generalized cost.^: 

94-ft derrick, steel cost, $1 600, cost erected, $3 000 To reduce coit one company is trying 

122-ft “ '* “ 2 300, " “ 4 000 out a i>ortable derrick of 3 2S-ft sections; 

136-ft.. 2 800, •• 5 000 total height, 84 ft; capac 323 000 lb; der- 

178-ft “ “ " 6 000, " “ 10 000 nek will hold 2-joint stiinds uf pipe (about 

30 ft per joint 1, or say 0 000 ft of 3-in pipe, 
or 4 000 ft of 4-in. It is for drilling only; can be eiee.t.ed lu 5.5 hr and dismantled in less time. 
Salvaging a 130-ft steel dernek costs about 9250 foi di.<unantling; loss in bolts, etc, 910U-915U; 
total loss, 9400. Local laws may require breaking out conciete and restoring ground to original 
condition. Salvage of woodwork, about OOVe, large timbers can be reused, also form lumber 
and casing racks. 

Skidding derricks from one location to another ia increasing (11). Four skid plates, 

10 by 10 ft on top and 7 by 7 ft at bottom, are connected to derrick legs by ball-and- 
socket joints. Another type is a heavy timber sled runner of two 8 by 10-in timbers, 
with tapered steel-shod shoes on each end, so that the derrick can be moved in either 
direction. One cateniillar tractor may do the hauling; 2 are better; 3 may be required. 
Dry ground resists skidding. Time to prepare derrick for moving is 14 to 16 hr; actual 
moving time, 40 min lo 3 hr, at 1 mile an hr under good conditions; a 175-ft wood derrick 
was moved ^/t mile for $1 000; distances of 3 miles have been reached. 

Mud fluid (Sec 44). Functions are: to raise cuttings from the well; to cool and 
lubricate bit and drill pipe; to hold solids in 8Uiq;>enaion when drilling is stopped; to seal 
off minor oil, gas and water-bearing strata, by building up an imporxious coating on walls 
of hole; to exert through its wt a press exceeding that of surrounding strata, thu<i prevent¬ 
ing blow-outs of gas or oil (see Table 6). 
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SuooMsfol drUling to 12 000-15 000 ft, whera the temp may be 260"-300'* F, donands 
definite control over the mud fiuid by applying principles of colloid chemistoy. Aa day 
oontaina only about 5% colloidal matter, more must be added to make suitable drillii^ 
mud. Good muds having marked fluidity when in motion are plastic when at rest, due 
to colloidal "gel-forming” (12, 13, 14). "Aquagel” (largely Bentonite) is a gel-forming 
substance; used alone with water, it gives a mud of 64 lb per cu ft, or 2^% of it (by wt) 
is added to ordinary mud. "Gel strength” cannot be measured Erectly, but by noting 
the viscosity at outflow, and again after the mud has stood for 5 min; the difference 
indicates the "gelling” rate. This is important in very deep holes, where cha nging bits 
may take 8-10 hr. If gel strength is too low, cuttings will settle and cause bit or drill 
pipe to stick in the hole; if too high, it is difficult to start circulation on resuming drilling. 
Wt for wt, viscosity of colloids is 10 times that of solids; hence, percent of solids must be 
kept aa low as consistent with necessary wt of fluid. Also, the higher the percentage of 
solids, the longer it takes to form the impervious coating on toe hole walla. To remove 
aolids at outflow, vibrating screens are l^t; mesh, 20 to oven 60 in presence of much 
fine sand; 30 mesh is common for deep holes, where outflow may not exceed 200 gal per 
min; 20 mesh has been used for 750-g^ flow. 

To determine viscosity, the Marsh viscosimeter is standard; a funnel 6-in diam at top and 
12 in long, with a S/ig-in tube at bottom. It is filled with 1 500 cc of mud, and 1 000 cc is run 
into a measuring flask, the time required being noted with a stop watch. In laboratories, the 
Stormer viscosimeter is widely used. Wt of muds is found by the Braun Mud-rate hydrometer. 

Formation pressures. Normal press is the hydrostatic head equal to depth of hole; 
but, due to geologic changes, press may vary from normal. In C^alif, formation press 
rarely exceeds the hydros^tic; Table 6 shows the relation in Gulf Coast fields. W'hcn 
press is hydrostatic or 

less, a mud of 9.5 lb per Table 6. Formation Pressures in Some Gulf Coast Oil Fields (16) 
gal (sp gr 1.4) is satis¬ 
factory if it contains 
proper amount of col¬ 
loids (Fig 22). Viscosity 
should be between 25 
and .30 seconds by tost, 
to prevent entrainment 
of gas in the mud that 
might cause a blow-out. 

Assume 0.5 cu ft sand 
per ft of hole, containing 
0.2 cu ft gas at 1 500 lb 
press; drilling speed 0.5 
ft per min, releasing 0.1 
cu ft gas at hole press or 
10 cu ft at surface; 200 
gal (27 cu ft) mud or 
1 900 lb circulated per min at 9.5 lb per gal or 71.1 lb per cu ft. At surface the mud- 
gas mixture occupies 27 plus 10 or 37 cu ft, weighing 1 900.5 lb, or 51.30 lb per cu ft. 
As the aver wt of mud in the hole is 1/2(51.36 + 71.1) or 61.2 lb per cu ft, the mud would 
be blown out. At a 15 000-ft well in the Wasco field, the mud was degassed in a steel 
cylinder, fitted with baffles, where it was subjected to a vacuum of 12-14 in, increasing 
its wt 10 lb per cu ft. Yol of gas from wells varies greatly in different fields; from 10 to 
40 cu ft per bbl of oil, to as high as 100 000 cu ft. In some wells the mud is so badly 
"gas cut" that it must frequently be replaced by new mud. 

When gas press is high, the mud may be weighted with a heavy material, as Baroid 
(mainly barytes), or Calox (FeiOj), both of about 4.2 sp gr. As wt material adds little 
to viscosity, using too much causes some to settle out. The mud should be thinned, so 
that the clay just stays in suspension. Tested by dilutmg a sample in a beaker until 
free water shows on top after standing; then mix in the heavy material, until desired wt is 
reached (Fig 22). Gel strength may be increased by adding alk^ine or soluble salts; 
decreased by sodium taiinate or sodium gallate (15). Viscosity of an aver mud increases 
when temp exceeds about 185° F. As max dispersion of colloids occurs when the mud is 
slightly alkaline, the effect of chemical treatment should always be determined (17). 
Fig 23 shows a device for testing behavior of a mud; filter paper is placed over the screen F 
and cylinder C filled with 600 oo of mud; C, with its top closed by cap A, is set on support 
K. Air, or nitrogen, in the cylinder should be sufficient to maintain press at 100 lb for 
3 hr; amount of water present being noted at intervals. Finally, pour out mud and 
rotoove filter cake; remove the soft layer by a gentle stream of water, measure thickness 


Name of field 

Depth of 
observation, 
ft 

Observed 
press, Ib 

Bqui valent 
hydrostatic 
press, lb 

Press of 
column of 
mud, at 

10 lb 
per gal 

Anahuac. 

7 045 

3 190 

3 057 

3 663 

Courue. 

5 103 

2 228 

2 215 

2 653 

Corpus Cbristi. 

4 020 

1 528 

1 744 

2 090 

Dickinson. 

8010 

3 775 

3 476 

4 165 

ti 

9 100 

4 231 

3 949 

4 732 

Flour Bluff. 

6 624 

3 026 

2 874 

3 444 

IlasUngB (83 wells).. 

6 035 

2 731 

2619 

3 138 

Saxet. 

5 700 

2 537 

2 473 

2 964 

South Houston. 

4 705 

2 172 

2 041 

2 447 

Sugar Island. 

3 725 

1 665 

1 617 

1 937 

Thompsons. 

5 225 

2 197 

2 268 

2717 
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of and note its oompactness; thiekneas and water loss are inSumoed by sand and salt 
oontent, gel-strength, viscosity, wt and percentage of solids; hence the test shows the 



over-all behavior of the mud and whether colloidal content is sufficient; a thick cake and 

high water loss are undesirable. Use 


Pressure 

Inlet 

\ 

.Removable 
capv A 


✓1800 lbs. 
** pressure 


Meaeutlos 
glaaa J 


bit fnr softer material. 


of molten sulphur instead of mud is 
being investigated, for penetrating 
loose formations and consolidating 
them. On freezing, it makes an 
impervious supporting wall, nearly as 
strong as concrete. 

Rotary bits and speed of drilling. 
Heat-treated alloy steels are used for 
bit heads; blades are drop forged from 
chrome-nickel sted and hard surfaced 
with Stellite or tungsten carbide; roll¬ 
er teeth wear longer, and cones have 
ball-bearings to insure free operation. 
Bits are designed in groups for service 
in; hard formations (chert, dolomite, 
basalt and quartzite); medium hard 
formations (limestone, hard shale and 
anhydrite); softer material (shales, 
sdt, gypsum and chalk). Roller bits 
are customary for hard rock; fishtail 
(drag bits) for softer strata. 

In Fig 24, A is Reed roller Ut for 
hard ground; B, Hughes bit for medium 
ground and C for medium ground; D is 
4-blade scraper or drag bit; B the Reed 
replaceable fishtail bit; P, Hughes roller 
Many speeial bite are used inetead of fiehtoil bits for soft top format 



Support K 

Fig 23. Boroid 100-lb Tester 
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tiou (19). In d««p hiiatt requirins 5-10 hr to run drill pip* out and baok for «li«w t{"(r bita, anr 
tacmaM ia footaga par bit haa a markad eAaot on tot^ drUling tima. Roller bita oan not bo 
draaaa d . are acrapped. Fiahtail bita ean be afaarpened, or new biadaa put on. Aaaume ooat of 
$10 per hr to operate a rig. Fiabtul bit eoata $150, drilla 32 ft in 8 hr, and 3 hr are required for 
round trip from bottom of well: then, $5 fw dreet^g plua $110 for 11-hr operation makes $115 
total. Actual drilling rate may be 4 ft per hr, but including round trip only 2.01 ft per hr, at 
$3,505 per ft. If roller bit drilla 200 ft in 50 hr, with 3 hr for round trip; then $150 for bit, plua 
$630 for 53-hr operation, make $680 total. At drilling rate of 4 ft per hr, over-all aver ia 3.77 ft, 
at $3.40 per ft. This comparison shows 29.55% increase ia speed and 5.4% decrease in ooat (20). 
BoUer bita are generally rented from makers, not scdd outright; rental, from $e2t4or 3.75 to 4.254a 



Fig 24. Rotary Bita 


aiae, to $700 for 251/8 to 26-in aiae. Rbpi.acea.bi,e-biadii FtsHTAit, bits cost $30 for 4.2.5 to 6.5-in 
head, to $150 for 15 to 25-in head. Blades cost $2.75 per in, that is, a 10-in blade, $27.50; 4-blade 
drag bits, with blades welded in, from $60 for 6 to 7-in bit, to $109 for 201 /b to 23-ia. For bits 
with 2 or 3 blades, deduct $10-$30 for each blade less than 4. In Rio Bravo field, Calif, one com¬ 
pany used roller bits in drilling to 11 200 or 11 600 ft; three 17.5-in bita to 2 500 ft; then 12.25-in 
bita to 10 000 ft and ll-in below, totalmg 75 to 85 bits per hole. 

Table 7. Performance of Bits in a 16 004-ft ,Well, Waaco Field, Calif 


Type 

Sise, in 

No 

Footage 

Hours 

Ft per hr 

Ft per bit 


1 

201/2 

1 

497 

10 

49.7 

497 


2 

14 3/4 

1 

221 

4 

55.3 

221 


1 

M8/4 

10 

4 787 

200 

29.3 

378.7 


1 

96/8 

1 

29 

4 

7.3 

29 


3 

9 6/8 

4 

1 375 

100 

13.73 

343.3 


4 

96/8 

6 

1 061 

202 

5.3 

176.9 


5 

96/8 

29 

2 771 

904 

3.1 

95.6 


8 

6 

4 

16 

16 

1 

4 


5 

6 

59 

2514 

654 

3.7 

42 . S 


9 

6 

35 

544 



15 5 


10 

6 

4 

44 



11 0 

core 

9 

5 7/8 

17 

232 

64 

3.6 

\i.7 


10 

57/8 

2 

26 

7 

3.7 

13.0 


II 

57/8 

3 

46 

12 

3.8 

15.2 
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la Appalachian ar«ar hard coarae-gruned aandatona was drilled at rate of 1 ft in 16 min. Thin. 
bedded sandstone, 3 400-7 443 ft deep, required 50 8.75>in bits; time, 3-48 min per ft. In a 
chert, six 8.75-in bits were used in first 20 ft; drilling rate, 25-200 min per ft (21). In drilling 
1 408 ft, largely anhydrite, in La, 15 hard-faced 12.5-in bits were used; time, 330 hr; aver per Idt, 
98 ft; aver hr run, 22.6; aver sp^, 4.3 ft per hr; cost, at 8148 each, 82 220; aver bit cost per ft, 
82 (22). In a Texas field, 9-in holes from surface to 1 4(M) or 1 800 ft required 3 or 4 fishtail bits; 
below, through sharp sands, broken limestones and shales to 3 650 ft, 8-13 roller bits were used. 
Weight on bits, about 1 000 lb per in of bit diam (23). 

Proper rotetire speed and close control over wt on bits are essmitial (24). In upper 
part of hole, tinder favorable conditions speed may reach 300-350 or even 400 rpm, but 
150-250 rpm are commoner. At depth, speed fails off to 125-150 rpm. In Calif, drilling 
rate may reach 160 ft per hr near surface, but only 2-3 ft per hr in very deep holes. 
Kecentiy, an 11 500-ft wcU was completed in 61 days, from spudding-in to oil in tanks. 
AVells of 2 000 ft require 12-16 days; 4 000-4 500 ft, 18-26 days; 5 000-6 000 ft, about 
30 days; 7 000-7 500 ft. 35-40 days; 8 000 ft, 55-60 days; 10 000-11 600 ft, 75-90 days, 
Boifletimes even 120 days. 

Since rig expense may be $375-$500, or even $1 000 per day, it does not pay to use 
dull bits. Wt is brought close to bits by using drill collars (extra heavy pipe) just above 
bit. Actual wt on bit is wt ol drilling pipe less flotative effect of the mud fluid. As 
much as 360 ft of 147-lb drill collars have been used; 80-200 ft of 80-lb collars are com> 


Table 8. Specifications for Rotary Drilling Equipment 


KanffA Af depfch of nvll. ft... 

A 

6QliO- 
8 000 

B 

8 000- 
II 000 


3 125-hp locomotive boilers @ 30 096 lb. 

90 288 

1 636 

69 700 

2 000 

4 400 
100 

9 600 

16 750 


Superheat^ steam generators with fittings, piping and 30-in by 
42-ft stack. @ 34 850 lb . 

Steel-clad boiler insulations @ 1 000 lb. 


Gae burners iu steel frame, fire brick iiusulation, @ 2 200 lb,.. . 
3-in tvpe O bAilpr rAffulftf.nr valve. 


'Feed water heater unit, with 10 by 4.5 by 10-in feed pump on 

structural steel base . 

12 hv ll-in cnrloMAd hnriz t,win-4*yl engine. 

' 13 455 


2 10 hv 9-in v<*rt ntAam AnjpnMf total 1 300 hp... 


Unit type rotary hoist. 

No 9-P unit type hoMt... 

24 810 

33 300 

14 000 

steam slush pumps, 7.25 by 14.75 by 18-ln @ 14 000 lb. 

Steam slush pump, 7.25 by 16.25 by 20-in... 

28 000 

Power slush pump, 55 rpm, with twin-cyl vert steam engine and 
V-belt drive (a) ... 


38 860 

5 500 

23 400 

Parkerahurfr brako. type R.. . 


T-speed rotary drilling unit, with 7.75 by 7-in vert engine and 
27.5-in Model 35 rotary, on skids. 


No 7272 rotajrv drilling outfit... 


27.5-in Model 35 oilbath rotary table with drill-stem bushings.. 

Vibrating mud screens @ 1 600 lb. 

Set of rotary ebp* W . .... 

9 575 

1 600 
166 

3 105 

3 200 
174 

5 330 

8 537 

5 075 
314 
270 

3 000 

8 350 
714 

3 400 

10 050 
900 

Stiuare Kelly, Cr-Ni steel with upset ends (c). 

6-111 by 60-ft Cr-Ni steel drill collar with f^in bore down, 5-in box 

1 500 ft 1-in 6 by 19 A P I right or Lang lay plow-steel casing line . 

2 500 ft 1 Vg-in 6 by 19 AP 1 right or Lang lay plow-steel casing line 

Extra heavy aide door elevator (d). 

2 600 

270 

476 

1 665 

5 000 

714 

2 350 

5 600 

750 

Set of 2.75 by A4-in weldless elevator links. 

Casing book (e) with safety latch. 

Oentor-pin crown block (/). 

Set of 2 6 6/g-in extra heavy BJ rotary tongs. 

6-in oilbath swivel (,g) . 

Streamline roller bearing traveling block. 

Rotary hose with Ilartinaii couplings (A). 

Total weight, lb.. . 

:iK>rniW 

266 924 
$74 000 

•Approx cost fob Los Angeles . 


C 

II coo¬ 
ts 000 


104 550 
3 000 
6 600 
100 

9 600 


42 300 

33 300 

18 600 

60 955 
5 500 

23 400 

3 200 
174 
5 330 

i537 

5 075 
314 
270 
5 025 
8 350 
714 
3 400 
10 050 
900 


359 244 
888 000 


(«) B, pump 7.25 by 18 m, engine 7.7.5 by 7-in: C, pump, 7.75 by 20-ia, engine 10 by 9-in. 
(6) A, 59/ia-in: B and G, OS/g-in. (c) A, 5.25 by 40-in; B and C, 6 by 5l-in: (d) A, 6-in; B and C, 
66/8-in. A, 8-in Wigle hook; B, No 150 Triplex; C, No 300 Triplex. (/) B and C, California 
heavy-duty type, (g) B and C, type Imperial 150-B. (A) A, 2.5-in by 46 ft; B and C, 3-in by 45 ft. 
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rnoner. Wt on bits is generally shown by wt indicators, like the Martin Decker. In 
principle, a slight offset is made in the dead>end line. As tire press middng this offset is 
balanced by a small quantity of fluid back of a flexible diaphragm, it is a measure of the 
load on the line. Pressures ate recorded either in lb, or “points” which must be converted 
into lb. The fluid press causes a hollow shaft, with smaller shaft inside, to move tbe 
recording pointer and vernier hand on the dial; a continuous record is kept on the other 
dial. In the “Quintuplex” form, tiie instrument records: steam press in engine as a 
measure of the torque required in drilling, rpm of rotary table, mud press in pumps, wt 
of drill pipe and of mud. * 

BxampleB of rotair-drill outfits. It is wtimated that in U S 29 014 wells were drilled in 1037, 
of which 20 091 were oil wells, 2 531 gas wells and 6 392 dry holes (25). Aver depth, 3 230 ft. 
About 55% were rotary drilled. Rotary outfits are costly compared to the cable-tool, but are 
-beet for depths over 0 000-8 000 ft. Recently a deep well was completed in bard formation, after 
cable-tools failed to make further progress. Drilling equipment is subjected to hard usage, and its 
life is short. One operator states 1 095 actual operating days, or approx 4.5 years of elapsed time, 
as the serviceable life of a rotary outfit (25). Roughly, a light outfit costs $50 000, medium outfit 
$70 000, and a heavy outfit $98 000 (26). 

A steam-driven rotary, for 2 ‘<:X>-3 000 ft, is as follows: two 100-hp locomotive type boilers, 
complete, each 27 090 lb; two 6 by 4 by 6-in boiler feed pumps, for 250 lb steam, with water end 
for 500 lb, each 818 lb; one 11 by 11 semi-enclosed twin-eyi horis steam engine, 7 635 lb; two 
12 by 6 by 16-in slush pumps, each 8 300 lb; one 17-in oilbath rotary table, complete, 5 985 lb; 
1 set 4.5-in rotary slips, 152 Ib; 1 chrome niokel-etoel square Kelly, 4.25-in by 40-ft long, 2 060 lb; 

1 unit type rotary hoist, 13 500 lb; 1 500 ft of 1-in 6 by 19 API or Lang-lay plow-steel casing- 
line, 2 600 lb; one 7-in Wigie casing hook, with safety latch, 1 196 lb; one 2.5-in by 45-ft Thermoid 
No 325 rotary hose, with couplings, 620 lb; 4.5-in double*side-door elevator, ISO lb; set 2.25-in 
by 72-in weldless elevator links, 304 lb; set 4..5-in extra heavy BJ rotary tongs, 674 lb; center-pin 
crown block, 2 770 lb; 4-shoave roller-bearing traveling block, 3 775 lb; 0-in 6ilbath swivel, 

2 350 lb; total wt, 116 047 lb; approx cost, fob Los Angeles, $24 000 in 1938. The above specifica¬ 
tion does not include derrick, drill p.pe, bits, steam lines, and misc tools. 

8team rotary equipment for depths to 5 000 ft (L. G. £. Bignell): 15-in sheave crown block; 
66-in 4-sheave traveling block; 150-ton hook; l(X)-ton swivel; 27.5-in rotary table; hoist; double 
drive of two 7.75-in by 7-in vert steam engines, on skid base, with pillow blocks, clutches and 
sprockets; 7.2.5-in by 14-in shish pump; superheat steam generator; feedwater unit, consisting 
of 5- and 10-in by O-in by 12-in heater pump, 10-in by 4.5-in by 10-in boiler feed pump, oil separator. 
5-kw generator and steam turbine, skids, piping and valves; total approx wt, 140 000 lb; approx 
cost, $36 000. Additional items include; derrick, 4.6-in drill pipe, steam lines, wire line, and misc 
rig tools. 

“ SUm-hole ” exploratory drilling refers to holes of small diam, bored by portable outfits. The 
first of these were diamond drills (.4rt 17), long used in oil fields, and recently built heavy enough for 
depths of 4 (XIO ft. Such a drill, mounted on a truck, has a folding mast or tripod. The automobile 
engine supplies power, with a special engine for the slush pumps. A similar truck-mounted outfit 
for driving a rotary drill has been developed especially for slim-hole work. It has a 60-ft folding 
derrick, and hydraulic feed for the drill pipe. A 6.25-in hole can be bored to 4 000 ft. Wt is about 
64 000 lb, not including drill pipe; price, $35 000. Machines for 7-in holes to 6 000 ft weigh 
75 000-80 000 lb; cost up to $45 000. For elec or Diesel engine drive, cost is $4 000-$10 000 more. 
Another slim-hole portable unit is mounted on skids. Gas engines are used; derrick of standard 
type. Diesel units cost about 
$40 000 each, as against 
$51 000 for a steam rig. 

Dieeel unit in Table 9 driUed 
0.2S-in holes in west Texas 
for about $3 a ft. It is pre¬ 
dicted they will be so im¬ 
proved that a skilled crew 
can ^ill holes for $2.50 a ft, 
everything included. One 
company found that holes 
in same formations and to 
same depth could be com¬ 
pleted in 200 hr less time by 
59/ig-in drill pipe and 9 7/g-in 
bits, instead of 3.5-in stem 
and 6.75-in bits (reasons not 
explained, Apl, 1938). 


Table 9. Comparative ** Slim-hole ’* Drilling Costs 
(L. G. E. Bignell) 



Light 
steam rig, 

9 7/8-in bole, 
I>er ft 

Diesel 

unit, 6 3/4-in 
hole, per ft 

Rig labor. 

1.30 

$1.42 

Transport. 

.28 

.14 

Bit cost.'.. 

.36 

.522 

Fuel. 

.375 

.088 

Supervision. 

.092 

.092 

Supplies and repairs. 

.395 

.325 

In^rect costs (wire lines, deprec, misc 



charges). 

.645 

.83 

Totals. 

$3.45 

$3.43 


Dae of seismograph (Sec lOA) for oil prospecting has created demand for light, mobile, 
fast-drilling rig for shallow holes oi small ^am for blasting. Cores may be taken, if 
desired. As many as 240 shot-holes, averaging 100 ft, have been drilled by one machine in 
30 days, 16 hr per day. One type is mounted on a steel frame for placing on a truck, barge, 
trailer or skids; powered by two 4-cyl gasolene engines, for pump and drilling. Pump. 
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Table 10. Repoft on 60 Oil WellB in HoweU Connty, OUe, in Aug, 1936 
(8 Star ** K ** Spndding Machinea) 

X4DriU«r8, )1 days at $6. 

24 Tool dreosera, 31 daya at $5. 

I Tool pusher, monthly wagea. 

Vs General aupt's salary. 

I Sample man, $150, and I office man, $125. 

I Man on engines. 

Labor total. 

Labor insurance. $11 per $100. 

Interest on investment of $40 000 at 6%. 

Depreo and up-keep, 5-year basis. 

Expense of 3 oars, for supt, tool pusher, and sampler.. 

Insurance and taxes. 

Gasolene, 2 gal per machine, 11^ per gal. 

Engine oil, 2 qts per engine per 24 hr, 75^ per gal. 

Total expense. 

Cost per ft of bole, $0.4825 

4 by 5-iii, or 4 by 6-iii duplex. Derrick is of tubular design, 24 ft bigh; capao, 12 ton. 
Bore is 3.25-in, to pass 2 ^/g-in pipe and tool joints. For drilling to 500 ft, with 2 S/g-in 
pipe, machine weighs 12 000 lb; cost, about $10 000. Accessories: drill pipe and collars, 
4 wing drag-bits, rotary hose, suction hose, slips for setting casing and tools. 

Comparison of cable-tool and rotary drilling. The cablb-tool driller can stop the 
hole in the most productive formation, with little danger of mudding off a producing 
stratum. II bottom water is drilled into, the actual depth of well is known and shutting 
off water is thus easier. Costs of equipment and operation are lower than for rotary 
drilling, but drilling speed is leas, and it is difficult to complete a well where oil or gas 
pressures are high; tools may be blown out. The well can be filled with water or mud, 
but drilling is then very slow. More strings of casing are required, with much tmder- 
reaming. Cable-tools use less water, and wt of equipment transported is loss. Rotary 
UETH on, though drilling about 10% faster than cable-tools, is used almost exclusively in 
soft formations and for holes deeper than 4 500-5 000 ft. As mud fluid controls high 
formation press, holes can be kept open for greater depths, and fewer strings of casing are 
necessary. Improved methods of drilling and surveying make it possible to keep hole 
practically vert, or to deflect it in any desired direction. Better coring equipment enables 
operator to determine nature of strata, and avoids danger of drilling through productive 
sands. Rotary bits can drill hard rock in which cable-tool bits make little progress. 

8. CASING BOREHOLES AND OIL WELLS (27) 

Casing is used: to prevent walls of hole from caving; to shut off water from running 
into oil formations; to close off oil or gas-bcaring strata, in order to drill deeper, or prevent 
migration of oil and gas to surface or into porous strata above the producing horizon. 
In hard rock there is a little danger of caving, but holes in shales, sands and clays must be 
cased. If water is struck, it is shut off by a “water string" of casing, “landed" in some 
suitable stratum below the water and above the oil horizon, and the space outside is sealed 
with cement. If caving or water-bearing strata prevent carrying a single string of casing 
to bottom, several telescoping casings arc used, from the surface down. Through the 
final “oil-string" the oil flows to surface. To admit oil or gas, the oil string is perforated, 
or a length of screened casing set at the producing stratum. A “liner" is a casing extend¬ 
ing from bottom of hole up to and past the lower end of nearest water-string, or the last 
cemented casing. It saves running a full oil-string to the bottom; the latter is preferable, 
but more expensive. For rotary drilling fewer casing strings are required than for cable- 
tool, because the mud fluid plasters and shuts off water-bearing or weak strata. When the 
position and thickness of the formations are known in advance, the casing program can 
be pre-determined. If possible, the oil-string should be not less than 5.75 or 6 4/g-in diam, 
to insure sufficient space for the pump (Sec 44). 

Kinds of casing pipe. Conductor or surface pipe is the lining through surface soil. It 
may be about 25 ft of riveted TTo S gage, or ordinary stove pipe. Seamless slip-joint cas¬ 
ing (Table 11) bas one end of each length belled out, to receive 5.5 to 6.75 in of straight 
casing to make the joint. 

Inaerted-joint threaded casing is used for light press; for drive-pipe (Table 12), the 
threads ate cut so the ends meet in middle of coupling, to take the driving blow, l^udi- 


$4 464 

3 720 ' 

400 
250 
275 
150 
$9 259 
$1 018.49 
200.00 
666.66 
350.00 
200.00 
I 298.44 
93.00 
$13 085.59 


These 60 wells were 445 to 460 
ft deep; total, 27 120 ft. Time 
includes moving, drilling, olean- 
ing out, and setting casing. 
1 000 ft of 0.75-in pipe line 
(not included in above cost) 
milled 30 wells (13 650 ft of 
hole), averaging over 10 ft of 
hole per ft of pipe. Cost 1.54 
^ ft. Total cost, $0.5008 per 
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Tkbto 11 « S0U11I0M Slip-joint Cosing (woghta and dimonaions axe nominal} 


Sixe 

OD, 

in 

Wtper 
ft. lb 

plain ends 

Casing 

Joint 

Test 
press, 
lb per 
sq in 

Price per ft, 
del’d near 
Los Angeles 

TUok- 

new, 

in 

Internal 

diam, 

in 

Bell-end 

Length of 
mole end 
insert, in 

Wall 

thickness, 

in 

Internal 

diam, 

in 

ll«/4 

52.56 

mm 



11.875 

51/2 

■ESI 

$3.30 

133/8 

45.97 

0.330 




51/2 

Kil 

3.36 

141/2 


0.325 


Bln 

14.625 

51/2 



16* 


0.375 



16.125 

51/2 


5,22 

16 

73.72 

0 4375 


■SH 

16.125 


1000 

5.91 

186/g 

73.09 

0.375 


0 356 

18.750 

mmM 


6.72 

186/h* 

84.50 

0 435 

17,755 

0.413 

18.750 

6 


7.53 


104.00 

0.500 

19.000 

0.473 

20.125 

6 3/8 

950 

10.08 

22 

101.00 

0.4375 

21 125 

0.417 

22.125 

6 3/4 



22 

115 00 

0 500 

21.000 

0.474 

22 125 

6 3/4 

850 

II 18 


Tentative API standards. On special order, casing has holes for tark-welding drilled in the 
bell. Permissible variation in wt is 10% above and !>% below; minimum tensde strength, 80 000 lb 
per B<1 in; in random lengths of 35-40 ft, unless otherwise ordered. 


joint pipe serves for dri\'ing in sand or gravel. Casing is for lining to any depth, when 
hard driving is not required. A casing string of 260-500 ft is often set and cemented to 
form the surface string; advisable in deep wells to prevent blow-outs. Anchors (“blow¬ 
out preventers") are placed at top of casing, to hold the well under control if necessary. 
To lessen the number of casing sizes on the market, API Pipe Specifications list standard 
sizes (Table l.'l). Plain-end casing costs about 15% less than threaded; welded joints 
eliminate possible leakage, and efSc is higher; as welded joints need less clearance, inner 
strings may be larger. By welding 2 40-ft joints outside, and then joining them at the 
hole, cost is reduced 5-12% below that of coupled casing (28). 

Examples of casing programs. (a> for depth of 3 150 ft: set lS.5-in to 60(1 ft; 12.5-in to 
1 200 ft; lO-in to 1 800 ft; 8.25-in to 2 400 ft; 66/8-in to 3 000 ft; 53/i8-in to 3 150 ft. (b) depth, 
8 600 ft: 60 ft of 24-iti, 600 ft of 16-in, 7 540 ft of O^g-in, 8 000 ft of 7-in, 500 ft of 5.76-in. 
(e) depth, 13 333 ft: 60 ft of 20-in, 310 ft of 18 6/g-in, 3 250 ft of 133/g-in, 6 640 ft of 7-in, 13 333 ft 
of 5-in liner, (d) depth, 10 9G0 ft: 99 ft of 2(J-in, 1 494 ft of 13 3/g-ia, 10 950 ft of 5-in. 

Table 12. Drive Pipe, Lap-weld and Seamless (weights and dimensions nominal) 


Sise, 

in 

\V t per ft. lb 

Thick¬ 
ness, in 

I’ipe diam, in 

Couplings 

Test press, lb 
per sq in 

Threaded, 
and with 
couplings 

Plain 

ends 

External 

Internal 

Length, 

in 

External 
diam, in 

Lap- 

weld 

Seamless 

2 

3.75 

3.65 

0 .154 

2.375 

2 067 

3 6/8 

2.B4I 

1 900 


21/2 

5.90 

5.79 

0.203 

2.875 

2.469 

41/8 

3.389 

2 100 


3 

7.70 

7.57 

0.216 

3.500 

3.068 

41/8 

4.014 

1 900 

2 300 

31/2 

9.25 

9.10 

0.226 

4.000 

3.548 

45/8 

4.628 

1 700 

2 100 

4 

11.00 

10.79 

0.237 

4 500 

4.026 

4 6/8 

5.233 


2 000 

5 

15.00 

14.61 

0.258 

5.563 

5 047 

51/8 

6.420 

■ Kill! 

1 800 

6 

19.45 

18.97 

0.280 

6.625 

6.065 

51/8 

7.482 

■Efut 

1 600 

8 

25.55 

24.69 

DF i 9 

8.625 

8.071 

61/8 

9.596 


1 200 

8 

29.35 

28.55 

ift.' V 

8.625 

7.981, 

61/8 

9.596 


1 400 

8 

32.40 

31.27 

V' fl 

8.625 

7.917 

61/8 

9.596 

IKfili' 

1 600 


32 75 

31.20 


10 750 

10.192 

6 5/8 

n. 958 

IBdi! 

1 000 


35.75 

34.24 

% y 

10.750 

to.136 

6 5/8 

11.958 


1 100 


41.85 

40.48 

IJP • fl 

10.750 

10.020 

6 5/8 

11.958 

1000 

1 300 

12 

45.45 

43.77 


12.750 

12.090 

65/8 

13.958 

800 

1 000 

12 

51.15 

49.56 

0.375 

12.750 

12.000 

6 5/8 

13.958 

900 

I 100 

MOD 

57.00 

54.56 

0.375 

14.000 


71/8 

15.446 

800 

1 000 

MOD 

61.15 

58.57 

0.375 

15.000 


71/g 

16.446 

750 

950 

I60D 

65.30 

J2.57 

0.375 

16.000 


71/8 

17.446 

700 

900 


81.20 

76.84 

0.409 

18.000 

17.182 

71/8 

19.921 

700 

850 


90 00 

85 57 

0 409 

20.000 

19.182 

7 6/g 

21 706 

600 

800 


Permissible variation in wt is 6.5% above and 3.5% below; made with threads and couplings, 
and random lengths unless otherwise ordered; wt per ft, including oouplings, based on length ol 
20 ft; all aisea have 8 threads per in, except 2-in which haa 11.5. 
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BORING 


Table IS. API Caaiog Sizes (Short Coupling Lap-welded and Grade C and D 
Seamless and Electric Welded) (a) 


Sixc, 

O D. 
in 

AVt per ft 

Casing internal diam, in 

Couplings 

Test press, 

100 Ui per sq in 

1 

t 

w 

1 

a 

..ength of stri 
Vat may be r 

n« 

uu 

Q 

Ultimate 
bursting 
press, 
100 lb per 
sqin 

Q 

c 

A 

9 

C 

V 

T3 

§ 

1 

07 

U 

H 

Plain ends 

Threads per in 

Length, in 

External diatn, in 

Lap-weld 

Grade C 

Grade D 

-c 

Grade e 
C “ 

>f ft 

&> 

eg 

a 

N 

O 

o 

E 

"3 

O 

•1*+ 

'S 

c 

0) 

H 

Collapse * 

++ 

'S*' 

c 

Collapse * 

■H- 

e 

0 

‘X 

s 

H 

-v 

1 

A 

ed 

Grade C 

Q 

•S 

t 

o 

43/4 


15 75 

4.082 


6 6/8 

5 364 

21 

25 

28 

47 

39 

65 

62 

82 

76 

70 

m 

133 

4 3/4r 

16.25 

15.75 

4.082 

IT 

7 

5 650 

21 

25 

28 

47 

59 

t>5 

93 

82 

12(1 

70 

105 

133 

s 

■EM 

mwWT^ 

KKVX! 

[T 

6 6/8 

5.491 

15 

19 

25 

30 

38 

41 

61 

52 

75 

50 

76 

96 

5 

15 00 

■Eililrj 

kkIikI 

|F 

6 5/8 

5 491 

18 

23 

28 


39 

51 

61 

65 

76 

59 

89 

112 

5 

1 

17.93 

4.276 

[T 

6 6^ 

5.491 

22 

25 

28 

49 

39 

t>7 

61 

m 

76 

72 

IliTn 

137 

5 

BHIi 1 

Rwfi 


IF 

?l/8 


25 

25 

28 

59 

38 

82 

61 

103 

75 

84 

127 

160 

51/2 

■rMt 1 

■rW<r] 

4.892 

[f 

71/8 


17 

21 

28 

34 

38 

47 

60 

59 

75 

55 

83 

105 

51/2 


■tKii 

4.778 

IF 

71/8 


20 

25 

28 

43 

38 

59 

60 

75 

74 

65 

98 

124 

53/4 

■eVi ) 

13.55 

5. 290 

10 

71/2 

6 9/16 

12 

15 

20 

21 

36 

28 

58 

36 

72 

40 


76 

53/4 

■rJI< ( 

■ V • 

5. 190 

10 

71/2 


15 

19 

24 

28 

36 

39 

57 

49 

71 

48 

73 

92 

53/4 

■Ij» I 

■ 3i S' 

Rt ^ 1 

IF 

71/2 

6 »/i6 

17 

22 

28 

m 

37 

49 

58 

62 

72 

57 

86 

109 

53/4t 

20.00 

B 'V! 

Ell* >* 1 

IF 

81/2 

63/4 

17 

22 

28 

36 

58 

49 

92 

62 

118 

57 

6b 

109 

53/4 


B B! 

W! >' 1 

m 

7 1/2 

6 9/16 

20 

25 

26 

43 

36 


58 

75 

72 

66 

99 

125 



E 

BB‘!! 1 

[f 

8 1/2 

6 3/4 

20 

25 

26 

43 

58 

50 

91 

75 

117 

66 

99 

125 

6 

20 00 

■ 'jR 

Ev • 

10 

71/8 

6.765 

16 

21 

27 

33 

37 

45 

53 

57 

73 

54 

81 

102 

6 3/8 

EXE 

B jcE 

■V' i 

m 

7 6/8 

ESHD 

13 

17 

22 

24 

37 

33 

56 

'41 


43 

65 

62 

6 5/8 

22 00 

21.42 

5 989 


7 6/8 

7 390 

14 

18 

24 

27 

37 

38 

56 

48 


48 

72 

91 

66/8 

EKE 


5.921 

10 

76/s 

7.390 

16 

20 

27 

32 

37 

44 

57 

56 


53 

79 

101 

6 5/8 

26 00 

25.65 


I 

7 6/8 


17 

22 

28 

36 

37 

50 

57 

63 

70 

58 

87 

110 

66/8 

28 00 

27 64 

Ew! 1 

i 

7 0/8 

IHE 

19 

24 

28 

40 

37 

56 

57 

71 

70 

63 

94 

119 

7 

23 00 

19.54 

■Ie >7 


7 6/8 

7.656 

12 

15 

19 

m 

36 

27 

55 

34 

69 

39 

58 

74 

7 

KEKiu 


!}• 

; 

7 5/8 

7.656 

13 

16 

22 

23 

36 

32 

55 

41 

69 

43 

64 

81 

7 




( 

7 5/8 

7.656 

14 

18 

24 

27 

36 

37 

56 

47 

69 

47 

71 

90 

7 



Ew. t 

1 

7 6/8 

7 656 

16 

20 

26 

31 

37 

42 

56 

54 

69 

51 

77 

98 

7 

28 00 

27.73 

HK E 

i 

7 5/8 

7.656 

17 

21 

28 

35 

37 

48 

56 

60 

69 

56 

84 

106 

7 

33.00 


KIe { 

? 

7 5/8 

7.656 

18 

23 

28 

38 

37 

53 

56 

67 

69 

60 

90 

115 

7 

40 00 


BVi 

1 

7 5/8 

7 656 

25 

25 

28 

58 

37 

80 

57 

m 

m 

83 

124 

158 

7 6/8 

26 40 


6 9o9 

8 

81/8 

81/2 

13 

16 

22 

23 

35 

32 

54 

41 

67 

43 

64 

81 

7 5/8 

29. 70 

29.03 

6.875 

6 

8 I/a 

8 1/2 

15 

19 

25 

28 

36 

39 

54 

50 

67 

49 

73 

93 

7 5/8 

33 70 

33 04 

6 765 

8 

8 1/8 

81/2 

17 

21 

28 

35 

36 

48 

55 

61 

68i56 

84 

107 

8 




m 

81/8 

8 888 

12 

15 

19 

19 

35 

26 

53 

IS 

66 

38 

57 

73 

81/8 

23 00 

26 67 



81/2 

9 3/J2 

12 

15 

20 

20 

34 

28 

52 

Efi 

64 

30 

59 

75 

8l/« 

32 00 

30 64 

7 385 

10 

81/2 

9 3/32 

14 

17 

23 

25 

34 

35 

52 

44 

65 

45 

68 

86 

81/8 

35 50 

34.56 

ns 

[F 

81/2 

9 8/32 

16 

20 

26 

31 

34 

42 

53 

54 

66 

51 

77 

98 

8 1/8 

39.50 

38.42 

IBIS 

m 

81/2 

9 3/32 

17 

22 

28 

36 

34 

m 

m 

63 

66 

58 

86 

110 

81/8 

40.00 

38 42 

EHEh 

[T 

81/2 

9.300 

17 

22 

28 

36 

59 


m 


118 

58 

8t> 

110 

86/8 

wiWtf 

ran 

ISlB 

8 

81/8 

9.593 

11 

13 

18 

16 

33 

23 

51 


64 

35 

5.1 

67 

86/8 

K w t 

31.10 

7.921 

E] 

81/a 

9.593 

12 

16 

20 

21 

34 

29 

51 


65 

41 

6 

77 

86/8 

E Vi' (. 

35 13 

mMJs 


81/8 

9.593 

14 

18 

23 

26 

34 

36 

52 

46 

65 

46 

69 

88 

86/8 

E Vi 1. 


tBE 

H 

81/8 

9.5"3 

15 

19 

25 

29 

34 

CB 

52 

50 

65 

49 

K 

93 

8 6/8 

K Vi ! 

42.32 

7 651 

H 

81/8 

9.593 

17 

21 

28 

35 

34 

48 

52 

m 

65 

56 

B 

107 

9 

B M! 

34 77 

BX 2 * 

R 

81/8 

w > 

12 

IS 

20 

20 

33 

28 


IS 

63 

39 

B } 

75 

9 

B jE! 

36.91 

^ 1 

H 

81/8 

1 

13 

17 

22 

25 

33 

34 

50 


63 

44 

K 

85 

9 

K W * 


Mb ! 

R 

81/8 

' V t 

14 

18 

24 

27 

33 

37 


KS 

63 

47 

B 

89 

9 

V s 

BfiVirl 

BlB i' 

R 

81/8 

' W 1 

16 

20 

27 

32 

33 

45 

51 

57 

64 

53 

80 

102 

9 6/8 


34.86 

8.'ll 

R 

81/8 

10 6/g 

11 

14 

18 

18 

32 

24 

49 

K] 

62 

36 

55 

69 

9 6/8 

40.00 

38.93 

8.833 

R 

81/8 

10 6/g 

12 

16 

21 

21 

32 

IE 

r 1 

Kl 

62 

41 

bl 

78 

96/8 

KEM] 

42.69 

BXQ 

R 

8 78 

106/8 

14 

17 

23 

25 

32 

35 

E t 


il£ 

45 

m 

86 

10 

33.00 

31.88 


R 

oi/a 


9 

12 

15 

13 

31 

17 

t 



31 

46 

58 

108/4 


Ell 


B 

81/2 

113/4 


12 

16 

14 

IE 

'EE 

L "i 



32 

49 

62 

108/4 


EH 



81/2 

11 4/4 

11 

14 

19 

18 

31 

25 

47 

IBt 

59 

37 

56 

70 

10 8/4 

Biituf 

EH 



81/2 

113/4 

13 

16 

21 

22 

31 

31 

47 

39 

58 

42 

63 

79 

10 8/4 

55.50 

54.21 



81/2 

113/4 

14 

18 

23 

26 

31 

36 

47 

45 

59 

46 

69 

87 





































































































CASING BOREHOLES AND OIL WELLS 9-27 


Table 13. API Caeing Sizea (Short Coupling Lap-welded and Grade C and D 
Seamiest and Electric Welded) ia'.—Continued 


Sixe, 

0 D, 
in 

Wt per ft 

Casing internal diam, in 

Couplings 

Test press, 

100 lb per sq in 

1 

t 

Vi 

0 

« 

.ength of stri 
lat may be r 

ns 

un 

ae. 

Q 

Ultimate 

bursting 

press, 

100 lb per 
sq in 

Threads and couplings 

Plain ends 

Threads per in 

Length, in 

External diam, in 

Lap-weld 

Grade C 

Grade D 

1 

2 

1 

OO’s 0 

68 0 

<S 

(ft 

bt 

0 

« 

4) 

1 

0 

♦4 

g 

a 

4> 

H 

-2 

"c 

0 

TeTiMon t 

« 

a. 

CO 

*3 

0 

Tension { 

3 

> 

L 

89 

0 

a 

"S 

s 

0 

Grade D 

113/4 

1 !j|^ t 

45 

55 


8 

81/8 

12 866 

91/2 

12 

16 

14 

29 

19 

45 

24 

56 

32 

48 

60 

113/4 

• !m! " 

52 

56 

liwli t 

8 

81/8 

12.866 

11 

14 

19 

18 

29 

25 

45 

32 

56 

37 

55 

70 

113/4 

! w T 

58 

81 

IMr#i 

8 

81/8 

12.866 

12 

16 

21 

22 

29 

30 

45 

38 

57 

41 

62 

79 

12 

! t|) t 

38 

46 

lllKz* 1 

8 

8 1/8 

13.116 

71/2 

10 

13 

8 

2S 

1 1 

43 

14 

54 

25 

38 

48 

13 

(Ml 1 

38 

17 

12 438 

8 

81/8 

14.116 

61/2 

8 

II 

5 

27 

7 

41 

9 

52 

21 

32 

41 

13 

i X! f 

43.33 


8 

81/8 

14.116 

71/2 

91/2 

12 

7 

27 

EE 

42 

13 

52 

24 

37 

46 

13 

> w 1 

48 

46 

12.282 

8 

81/8 

14.116 

8 1/2 

10 

14 


27 

14 

42 

17 

52 

27 

41 

52 

13 

! [jRt 

52. 

52 


8 

81/8 

14.116 

9 

II 

15 

12 

27 

16 

42 

21 

53 

30 

45 

57 

133/8 

' W1 

45 

97 

12.715 

8 

9 

14 3/3 

71/2 

91/2 

12 

7 

26 

10 

m 

13 

51 

24 

37 

47 

133/8 

’ K 1 

52 

73 

12.615 

8 

9 

14 3/8 

81/2 

II 

14 


26 

15 

41 

19 

51 

28 

42 

54 

133/s 

! W!7 

59 

44 

12.515 

8 

9 

14 3/8 

9 1/2 

12 

16 

14 

27 

19 

41 

24 

51 

32 

48 

61 

133/s 


66 

10 

12.415 

8 

9 

14 3/8 

II 

14 

18 

17 

26 

24 

41 

ED 

51 

36 

54 

68 

14 

50.00 

47. 

89 

13.344 

8 


IS 151 

7 

9 

i2 

6 

25 

9 

39 

II 

51 

23 

35 

44 

16 

35 00 

52 

35 

15.375 

8 

9 

17 

6 

71/2 

10 

3 

24 

5 

37 

6 

48 

19 

29 

37 

16 

Rwilt] 

62 

57 

15.250 

8 

9 

17 

7 

9 

12 

6 

24 

9 

38 

II 

48 

23 

35 

44 

16 


72 

71 

15.125 

8 

9 

17 

8 

10 

14 


24 

13 

38 

17 

49 

27 

41 

52 

16 

64 00 

81 

96 

15.010 

8 

9 

17 

9 

12 

15 

13 

24 

18 

38 

22 

49 

31 

46 

49 

18f>/s 

78 00 

75 

00 

17.855 

6 

9 

19 3/4 

6 

8 


4 

23 

6 

37 

7 

47 

2C 

ML 

39 

18 5/8 

87 50 

84 

50 

17.755 

8 

9 

193/4 

7 

9 

12 

6 

23 

9 

3/ 

II 

47 

23 

35 

44 

18 6/8 

96,50 

93 

96 

17.655 

8 

9 

19 3/4 

8 

10 

13 

8 

24 

12 

37 

15 

<8 

26 

39 

49 


»!ilMlltl 

64 

75 

19 190 

8 

10 1/8 

219/lfi 

6 

7V2 


4 

22 

5 

35 

7 

45 

El 

30 

38 

21 1/2 

m/ymy} 

89 


W 1 

8 

9 

22 5/8 

51/2 

7 

9 

3 

23 

4 

36 

5 

46 

18 

27 

35 

211/2 


mTil 


' W 1 

8 

9 

22 5/8 

6 

8 


4 

23 

6 

36 

7 

47 

ED 

31 

39 

21 1/2 


III 

■ 

' !K t 

8 

9 

22 5/8 

7 

9 

12 

6 

23 

8 

36 

10 

47 

23 

34 

43 

241/2 


96 


:JE i 

8 

9 

255/8 

41/2 

6 

71/2 

2 

21 

2 

34 

3 

44 

15 

23 

29 

24 1/2 

113 001109 

27| 

23 650 

8 

9 

25 6/8 

5 

61/2 

8 1/2 

2 

22 

3 

34 

4 

44 

1 : 

26 

33 


(iiid diluenaiuiis noniiital. PermisKible variation in wt for any length of casine, 
6,5% above, 3.5% below; carload wt not more than 1.75% below nominal, t API External 
upset casinc; exfern.al diam and loneth (in) of upset are: for 4*/4-in casine, 5 and 4 6/g respec¬ 
tively; for 53 / 4 -in c:isiui;, 6 and oS/g; for 8 Vs-in casing, SS/g and 53/8- *A8 salt water is almost 

always encountered, length of string is based upon 2 ft of w'ater column per lb of rollafising press; 
for length of string for fresh water, multiply by 1.1.5.5; safety factor in Table, 2. t Safety factor, 2.6. 
Note: wt tier ft with threads and couplings is based on 20-ft length, including coupling. Taper of 
threads; on lO-thread pipe, a/g-m diam per ft of length; 8-thruad pipe, 0.7.5-in. 

Drill pipe (Table 14), smaller and heavier than casing, must bo strong enough to trans¬ 
mit engine torque from surface to the bit. 


Table 14. API Special Alloy Seamless Upset Drill Pipe, Grade D 

(mill tensile strength, 95 000 lb) 


Sixe, 

OD, 

in 

Wt 
per ft, 
lb 

Price per 

100 ft* 

Size, 

OD, 

in 

, Wt 
per ft, 
lb 

Price pet 

100 ft* 

With threads 
and couplings 

With 

threads only 

With threads 
and couplings 

With 

threadx only 

2 3/8 


$ 35.08 

134.94 

41/2 

16.60 

$123.38 

$120.82 

2 3/8 

6.65 

50.88 

49 81 

5 9/1# 

19 00 

141.49 

138. 55 

2 7/8 

6.45 

49.32 

48.29 

5 9/18 

22 20 

167 26 

163.78 

27/8 

8.35 

62.18 

60.88 

5 9/16 

25.25 

188.78 

184.86 

27/8 

10.40 

77.83 

76.21 

6 6/8 

22 20 

167 26 

163.78 

31/2 

8.50 

64.96 

63.60 

6 5/8 

25.20 

188.77 

184.85 

31/2 

11.20 

85.76 

83.97 

66/8 

31.90 

237.82 

232.88 

31/2 

13.30 

99.67 

97.60 

7 6/8 

29.25 

227.69 

222.92 

41/0 

12 75 

94 53 

92.56 

8 6/8 

40.00 

328.66 

321.71 

41/2 

13 75 

102 03 

99 91 

8 6/8 

46. SO 

381 36 

373 30 


* I'ob C'^if R 11 terminals; min carload, 60 000 lb. 
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BORING 


Results in the 15 004>ft Continental Oil Co’s well indicate that, in drilling to great 

depths, even slight deviation would cause- 
failure of the pipe from friction against the 
walls; “protection” casing eliminates friction. 
Special alloy steel pipe (yield point, 100 (XX)- 
120 (XX) lb per sq in) is stronger than API 
Grade D, and would therefore extend drilling 
limit. 

Tubing, 1.5-4 in disun, is hung in well at 
completion for the flowing oil (Sec 44). It 
prolongs the flowing life of a well by creating 
back press from friction; frequently reduces 
the gas-oil ratio; and is ready when pumping 
begins. By control valves (flow “ beams ”) at 
the surface, oil is flowed through tubing, or 
through both tubing and space between it and 
ca.sing. Fig 25 shows how one well can be 
made to produce from 3 different zones; lower 
terminal zone, through tubing; upper terminal, 
ilirough .space between tubing and 5-in flow 
string; “ranger” zone is cemented off, but 
would produce through space between 5-in and 
8^/g-in strings on sealing this space below the 
ranger and perforating the 8 ^/g-in line at that 
zone. Mechanical perforators con lie used, or 
the recent “gun-perforator" (21)). The latter 
is .a steel cylinder, containing 10-12 short 
45-caUber gun barrels; it is lowered inside the 
casing, and shots fired by dec control; by 
reloading, 180 holes have been made at 3 200 ft 
depth in 7 hr, and 1 431 holes at aver depth 
of 8 (MX) ft in 73 hr; holes can be placed 6 in 
apart in a spiral. 

Handling casing. Each string has a steel 
shoo (Fig 20), of slightly larger diam than the 
casing. Shoe may bo serrated, for cutting 
Fig 25. Multiple Zone Production {Oil Weekly) through small obstructions, but this is not 

desirable where casing is to scat tightly on 
solid formation, for shutting off water. To drive casing, clamps are bolted on the squared 
end of drill stem, and by operating the drilling tools as in spudding (Art 6), the clamps 




Fig 26. Driving Shoe Fig 27. Driving Heads Fig 28. Casing-pipe Ring 


strike the casing drive-head (Fig 27). Hard driving may deform or telescope casing; it 
is safer to drive by a rod or casing spear, sot inside near the bottom, and striking this 
with the jars. 


Table IS. Commercial Lengths (ft) of Casing, Drill-pipe and Tubing 


Casing (o) 

Drill-pipe (b) 

Tubing (6, c) 

Aver 

1 Ilunge 

Not over 5% 
of carload 

Aver 

Range 

Not over 5% 
of carload 

Aver 

Range 

Not over 5% 
of carload 

mm 

■nsm 

18-20 

20 

18-22 

18-20 

Bl 

20-24 

18-20 




281/2 

77-30 

26-27 

mm 

28-32 


WBM 





HH 




(a) Jointers not over 5% of carload. (6) No jointers shipped, (c) Max variation in any 
ffload, 2 ft 
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For lifting cadng a clamp and devator are used. Fig 29 shows a heavy clamp, with 
slips for gripping flush-joint casing. Two steel links pass through the elevator eyes and 
hang from the hook under the traveling block. On lowering into the hole, casing is held, 
while elevator is being released, slips dropped into the pipe ring (Fig 28), resting on 



Fig 20. Ideal Door Grip Tubing Elevator 


top of conductor pipe. When wt of a lonre casing string liecomes great, the pull on the 
derrick can be lessened by “floating” the casing. A plug, screwed on lower end, buoys the 
string in the mud fluid. Fig 30 show^ a plug that serves to guide the ca.sing, and aids in 
floating it by a ball valve excluding oubside fluid, and through which cement can later be 
pumped down for cementing casing in place. 


Casing troubles include oollapsing, telescoping, freezing, parting and splitting (30). If easing 
pipe is dented or partly collapsed, swages are driven by the jars down and back past the injured 
place. This may so weaken the pipe that an inner string of 
casing is necessary. If casing parts, it may be recovered, by a 
bulldog spear, trip spear, bell socket, or an overshot; for details 
of these and other casing fishing tools see makers' catalogs. 

If casing is so damaged that it cannot be recovered, it may 
be drilled past (sidetracked), if ground is soft and caving; 
sidetracking in hard ground is difficult. Drilling on the dam¬ 
aged casing, with the regular string of tools, is continued until it 
is sufficiently displaced to insert a new string, which must usu¬ 
ally make a slight bend to get by. “Frozen " casing, or if 
collar-bound by loose material, can generally be freed by raising 
and lowering it 1&-20 ft a few times; or, bailing out may cause 
enough hydrostatic pressure outside the casing to clear away 
obstructing material. If hole is too small, casing should be 
pulled above the tight place and the hole reamed. Heavy 
pulling on frozen casing may wreck the derrick; jarring may be 
more effective. A strong pull can be exerted by screw or 
hydraulic jacks on the surface, while the casing is vibrated fly a 
spear and fishing jars. A casing cutter or splitter can be used 
to out off casing at a desired point, or to split frozen casing for 
pulling it more easily. In rotary drilling, rotary jars give jibe 
same effect as jarring with cable-toolz. 

Strength of casing. Resistance of lap-welded pipe is 
given by Stewart’s formulais (National Tube Co): P » 

50 210 000 (f -5- d)®, and P - 86 670 (< -f- d) - 1 386, where 
P collapsing press, lb per sq in; d » outer diam, in; 
t » thickness, in. First formula is for values of P Ixss Fig 30. 
than 580 lb, or (d less than 0.023; second formula, for 
greater values. Allowable hydrostatic press on casing 

P ■> 2St/d, where P is in lb per sq in, t is thickness of pipe wall, in; d is outside diam, 
in; and S, allowable fiber stress (14 000-16 000 lb per sq in for lap-welded steel, Grade 
A seamless; 18 000-20 000 lb for Grades B and C; 24 000-26 000 for Grade D; 12 500- 
14 000 lb for iron). Bursting press is computed by same formula, replacing S by tensile 
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strength: 4S 000 lb per sq in for Grade A, 70 000 for Grade B, 75 000 for Grade C, 95 000 
for Grade D, 42 000 for WL 


9. MEASURING DEPTH OF WELL (31) 

For deep wells the only practical method is to measure the drill pipe used; each length 
separately, or in stands of 3 or 4 lengths, as stacked in the derrick. Accuracy requires 
corrections: (a) for the slight bending of pipe lengths as they stand off the vertical; 
(&) for expansion due to increase in temp (bottom temp of the Continental 15 004-ft well 
was 300° F). Temp of circulating mud is a little less than bottom temp. Amount of 
expansion is L « Lo (1 + 0.0000069 t), where La is length in ft at atmos temp, and L is 

length due to t° F. Drill pipe 
suspended in the well stretches 
from its own wt, but salt water or 
mud fluid lessens stretch (Fig 31). 
Under field conditions, multiply 
results from Fig 31 by 0.666, as 
pipe friction absorbs about 1/3 of 
wt. 

Measurement is best made 
from top of collar on upper end of 
a length down to a centerpunch 
mark close to threads on lower 
end. After screwing on a length, 
the di.stanco from the mark to top 
of collar below is added to pre¬ 
vious measurement. For cable- 
tools, measurement may be made 
by a weighted mine rope, but the 
method is subject to errors, due to 
stretch and slippage on the reel. 
By using a counting mechanism as 
a rough check, and placing on the rope calibrated marks at 100-ft intervals, it is possible 
to reach an accuracy of 1 in 5 fX)0, provided the rope is periodically recalibrated; it 
should not be reeled up faster than 1 ft per second; cuttings or caved material may 
prevent tlie weight from reaching bottom (31). 

10. CEMENTING CASING (33) 

Chief objectives: to prevent oil or gas from passing up and water from going down 
outside casing; to strengthen casing against collapse by outside press; to exclude corrosive 
water from contact with casing; to reduce gas-oil ratio; and to strengthen leaky casing. 
Cement must be thin enough to be readily pumped. To provide space for cement in a 
cable-tool hole, diam of which is a little greater than the casing couplings, the hole above 
the casing seat is under-reamed. Rotary holes are usually enough larger than casing, but 
all solids back of casing must be removed, as a thin skin of cement may be cracked (33-35). 

Dump-twiler method. A large special bailer lowers the cement into the hole, the casing being 
first lifted 20-40 ft off the bottom, and kept above the level of the cement. For a dry hole, or 
when it will not stand full of fluid, 20-40 sacks of cement may be placed first, and the casinfi lowered 
into it without a plug. The usual practice is to place the cement, and fill casing and hole with water; 
then put a tight cap on casing and lower it, thus forcing the cement up behind the casing. The 
same result is obtained by putting a cement plug in the casing shoe, but this is unsatisfactory for 
large quantities of cement, or if there is a high-pressure flow of gas, oil, or water. Tuuino ubtboo. 
Cement is pumped through 2- or 3-in tubing, reaching to within a few ft of bottom of hole' circula¬ 
tion being first established to insure that the cement will rise freely outside the casing. It is pre¬ 
vented front rising inside by packing or a plug, closing the space between bottom of tubing and 
casing; or, without a plug, the casing is tightly capped and filled with water. After placing the 
cement, the tubing is ilu.ched out by pumping down water, which returns inside of cosing. Water 
should be kept in the casing unt'I the oement has set. This method requires considerable time for 
handling the tubing; but, any lasirsd amount of cement can be left in the casir^g, there is less danger 
■of caving in cable-tool hole*- due to the smaller volume of wash water, and cement can be placed 
under a high pressure. CVsino MBTHOn.-t. Cement is pumped through the casing, with or without 
plugs between the cement and the fluid above and below. Without plugs, the water pumped on 
top of the cement must be measured, so that the exact position of the cement left inside the oaaing 
will be known. The TWO-n>oa or Pbbxikb mbtbod is usual. One plug is long enough to reach 
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up into the essing from bottom of hole, but is tapering at the top, no eement onn pass between it 
and the easing. The other plug, set with a tight gasket on top of the cement, is then forced down 
by pumping \mtil it strikee a spacer, a stick of toft wood 5-25 ft long, standing on lower plug; 
amount of cement left inside the casing is thus adjusted. Position of 
top plug can be checked at any time by the amount of water pumped 
in. This method is simple, effeetive, and adapted to both cable-tool 
and rotary holes. One plug only, placed above the cement, may be 
used. A shoe guide stops it at the lower end of casing; or the plug 
is long enough to touch bottom, while its upper end is still inside the 
casing. Another device is the Bakxb tvoat coLLaB, placed between 
two casing lengths; if placed on top of the last length, a ball closing 
against a seat shuts out mud, and so floats the casing into place. As 
cement is pumped down, the ball drops, letting the cement pass. 

Cement and collar are drilled out after eement has set. Moltiplb- 
STAOB CBUximMa (Halliburton Oil-well Cementing Co) is another 
method for large-scale work. 

Formation-tegting permita testing for production without 
the expense and work of settiT^g casing, or testing cementing 
for leakage. Fig 32 shows uio Johnston tester. Body of 
tester is above the packer, and the “anchor,” a short length of 
perforated pipe, extends below. Main hole is topped above the 
formation to be tested, and a smaller hole with a reamed tapered 
shoulder is drilled with a core-drill. The well is filled with 
mud fluid and tester is run in on an empty drill pipe. When 
the packer is seated, it seals the hole below. The Quid below 
runs through a valve into tester and up into the drill pii^e. 

The formation is thus relieved of wt of the mud column and 
is practically imder atmos press, whence gas or oil will flow 
into anchor under its own press. After about 1/2 hr a valve is 
closed to retain sample in tester and latter is withdrawn after 
release by equalizing the press above and below. 

11. SAMPLING BOREHOLES (see also Sec 10) 

In cable>tool holes, sampling is done with the bailer, which 
brings up a sludge containing some unpulverized material. The 
sample is stirred and washed for settling the coarser particles, 
from which the nature of the strata is determined. 

In rotary drilling sampling is more difficult. The circulat¬ 
ing mud brings up the cuttings, which, if coarse, are generally p. 32 ^ johnaton Forma- 
caught by vibrating screen or improvised baffles or riffles in the * tion Tester 

ditch or launder through which the mud flows. 

A fairly accurate sample is obtainable by stopping drilling, leaving the bit on bottom 
and pumping mud through drill pipe to clean out cuttings. The first cuttii^gs showing 
in the mud come from last stratum drilled. As this procedure requires several hours in 
deep holes, it is not often used. Time required for cuttings to be brought to surface 

_ ft) 

by the circulating mud may be computed (37) by the formula: N „ „ . where: 

X yzH 

N =“ minutes for cuttings to rise from bottom to surface; D » deptli of hole, in; R 
radius of hole, m; r ■= outer radius of drill pipe, in> x •= radius of pump cyl, in; y » 
stroke of pump, in; r »■ number of strokes per min; E = effic of pump, usually 60%. 
Also, paint or dyes may be placed in the mud and time noted for reappearance at the 
surface. ^ 

Accuracy of samples. As drilling crews, whether cable or rotary, generally try to 
make speed, samples may be far from accurate. At best, pulverized material is hard to 
identify, and is frequently contaminated by particles from upper part of hole. As the 
plastering of a rotary hole with mud tends to seal up the oil sands, productive sands have 
been drilled through unrecognized. Cable-drilled holes also have ptissod through an 
unrecognized oil sand. The need for more accurate samples h-as caused rapid improvement 
in core sampling. 

Core samples are usually taken of each stratum drillexi to determine porosity, perme¬ 
ability, and water-oil ratio. In rotary coring, the hit is attached to the drill pipe; for 
cable-tools^ the core bit and barrel replace the regular bit, and are operated similarly. 
The holes are 3.75 to 9.7d-in; cores, 1.25 to 3-in. Rotary core drills comprise those with 
the usual inner and outer tubes, and the retractable type. In the first, the inner barrel 
xotates with the drill pipe, or may be non-rotating. The latter gives a higher core recovery. 
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eapecislly in softer fonnations, cutting cores up to 5.5-in or larger. The retractable i^pe 
cuts cores of 1.25-2.5 in. The outer barrel carries a bit cutting a fuU-sized hole, but has 
a central opening into which the cutting head can project for taking core. For coring, 
the barrel is dropped into the drill pipe from the surface, and automatically locks itself 
on the bit. When core has been cut, an “overshot” (Fig 33c) is lowered on a wire line to 
retrieve the core drill, thus saving the time of making a round trip with drill pipe. About 
1 min per 500-1 000 ft is allowed for the barrel to drop through the drilling mud; retrieving 
speed, 300 ft per min. In soft formations, a main bit may drill several hundred ft, and 
the retractable core drill be used for all or any part of the distance, without raising the 
drill pipe. This corer has saved 35 round trips of the drill pipe, in coring 750 ft. Coring 
speeds are usually 50-75 rpm, ranging from 25 to 110. Fig 33(a) shows Elliott cable-tool 
core drill, in which A is upper sub, B adjustable weight, C spring, I> valve, E and F outer 
and inner barrels, and G bit. Fig 33(5) is Elliott wire-line retractable rotary core drill, 
and (c) is overshot assembly for retrieving the inner assembly after core has been taken. 
Drilling assembly (d) is to replace inner barrel in (b) when no cores are taken, (e) is 
Reed core drill with hard-rock bit; (/) same bit with reamer; (g) Hughes’ core bit for 
soft rock. (A) is core-barrel plu!», fastened in lower end of core barrel with light rivets, 
which shear off when plug strikes bottom of well, the plug rising to top of core barrel and 
making way for incoming core. 

In general, the smaller the core diom, the })oorer the recovery, but small diom is neces¬ 
sary at great depths. Most difficult to core are conglomerates and shales, as they break 
up and wedge in the barrel. In Okla City held, about 50% of length cored is recovered, 
when larger than 2-in diain. I^ength of core has only slight effect on pc'rccntage leoovery 
(38). Under favorable conditions, nearly 100% m^re recovery is possible. Recoveries in 
deep Calif well were: 428.5 ft of core represented by 78.7% recovery: 30 ft of core, 68.1%; 
137 ft, 69.1%: 6 ft, 23.1%; 40.5 ft, 88.1%. For costs of coring, see Table 10, 17. 

Table 16. Cost of Cable-tool, Coring, Bradford- Table 17. Cost of Rotary-drill 
Allegheny Field (L. G. £. Bignell) Coring, Northern Louisiana (22) 


Performance: 

Drilling depth, ft.... 4 560-6 087 

Number of cores. 35 

Total ft of core. 316 

j'otal ft recovered. 234 

Aver percent recovery. 74 

Aver length of core, ft. 7 

Coats: 

31 cores at $17.50. $542 50 

33 cutler hea<la at $5... 165.00 

3 core catchers at $3, .. 9. 00 

Total. $716.50 

Aver cost per core. 20 47 

Aver cost per ft. 2 26 


Name of 
oil sand 

Ft 

cored 

Time, 

days 

Recon- 
ditioning 
bite and 
shoes 

Bent 
of core- 
barrel, 
and 
Iiilxir 

Cost 
per ft 
of core 

Bradford.... 

38 

3 

$ 84 

$130 

$5.63 

Chipmouk... 

35 

3 

72 

130 

5 77 

Bradford.... 

90 

4 

130 

160 

3 22 

Riohburg.... 

17 

I 

54 

no 

9,64 

Trenton. 

34 

5 

95 

150 

7 20 

Kane. 

54 

3 

75 

155 

4 26 

Clarendon... 

28 

3 

90 

130 

7.86 

Haskell. 

45 

4 

no 

140 

5 55 


341 



.Average 

$5 32 


12. CONTROLLED DIRECTIONAL DRILLING 

A hole may be drilled vertically, or deflected as desjred. Wells are deflected if an oil 
deposit is under a navigable stream, valuable building site, a restricted area, or where 
topography is precipitous; or a well may be on the downthrow of a fault, making it 
desirable to direct the hole across the fault into the oil sand, on the upthrow side. The 
rig is then set in a convenient location, and the hole deflected b.s desired. 

Directional drilling is done by tools that will produce a curved hole, the position of the 
bottom being checked at intervals by surveys (.Vrt 24). The tools most used are the 
following. Eastman “hemovabi.e wHti'STocK” (Fig 34) is a chrome-steel casting, 
5.5-13.5 in diam and 9.5-12 ft long, with a wc<lge-like iioint to prevent turning after being 
set in place, and a tapered deflecting groove along one side. A collar at top, loose arotmd 
the drill pipe but too small to pass the bit, permits retraction when the bit is withdrawn. 
If, after the whipstock has been removed, the deflection cannot be increased by con¬ 
trolling weight and using special bits, additional whipstocks are set, say .lO-SO ft apart. 
Lank WEixa “knitcki.® joint” (Fig 35) is attached to lower end of drill pipe. By a 
universal joint, spring-actuated com and a square shoulder, a diamond-pointed bit is held 
at an angle (about 5°) to axis of hole. The bit is spudded at first, the universal joint 
permitting the knuckle joint to take the new direction. After drilling say 20 ft, the 
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knuckle joint is replaced by a regular bit, and the flexible drill pipe readily takes the bend. 
Finally ^e hole is reamed to full size. Kinsbach "casino whipstock" (Fig 36), con> 
taining deflecting wedge and locking device, is bolted to drill stem, lowered 
to desired depth, and oriented. By raising slowly, the locking device is 
tripped; and by applying weight, bolt is sheared, releasing drill stem. A 
milling tool is then attached, for cutting a hole through the casing, thus 
deflecting the well. For an unuased well, Eastman hydracuc bridger 
(Fig 37) is attached to drill pipe with arms folded, and lowered to depth, 

^en maneuvered until arms spread outward into sides of hole, locking the 
device in place. A wedge or whipstock is then set on the bridger to cause 
deflection. 

Hall'Rowe method of deflecting boreholes (59), as applied to diamond 
drilling (Fig 38). A dry wooden plug A, grooved to admit water, is pushed 
down the hole with the rods to the desired point of deflection, and is allowed 
to swell. Clinometer B, with drive wedge C attached by copper rivets as 
shoam, is scribed with a reference line in known relation to position of wedge, 
and contains a glass tube partly filled with dilute HFl, snugly fitted inside. 

The assembly is lowered to within a few inches of plug A and then dropped 
freely, thus shearing the rivets and driving wedge C into the plug. The 
clinometer is allowed to set for t /2 hr, then pulled up, lea^dug the drii'e wedge 
behind. Etched portion of glass tube (see Art 24) shows prisition of liquid 
surface of HFl when in hole, and tliis, in relation to reference line, shows orien¬ 
tation of drive wedge C after plaoenicnt, also showing dip of hole. “Deflect¬ 
ing wedge" D has a groove of EX diamond bit size (Table 32), cut at a 
slight angle to axis of wedge and scribed along its cent(*r line for orienting. 

A “pilot wedge" E i.s screwed to lower end of D and set so that its flat side 
will fit that of the drive wedge C when D is properly oriented. For attach¬ 
ment to drill rod, a special coupling F is fixed by copper rivet to the ring at 
top of deflecting wedge D, wliich is thus lowered into the bole until pilot 
wedge E lests on drive wedge C. On being rotaU“d until their fiat faces 
coincide, the pilot wedge drops 2 in into place, orienting D, Shearing the 
copper rivet in coupling F drops the rod.s 1.5 in farther, but stretch in the 
rods must be taken into acc;ount, amounting at 1 500 ft depth to about 2.5 
in. Rods are now withdrawn, the ring at 
top of D is reamed off with a rose bit, and a 
deflected hole drilled along the groove with 
EX bit and eoie barrel to a point 3 or 4 ft 
below D. The hole and the wedge D itself 
are then reamed out with an AX pilot dia¬ 
mond reaming bit, and regular drilling re¬ 
sumed. It requires almut 6 shifts to com¬ 
plete one wedging opciation properly; aver 
correction per wedge, about 1.6°. 



Fig 34. Eastman Removable 
VV hipstock 


Fig 35. I^ne Wells Fig. 36 Kinsbaeb 
' Knuckle Joint Casing Wlupstook 
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By ueing stiff or flexible drill-pipe collars, special bits (Fig 39), or reamers, differert speeds of 
rotation, and varying wt on bit, the degree of deflection can be controlled. A vert hole is diflloult 
to control, as it tends to corkscrew. A drift (deflection) angle of about 6° is most desirable, though 
it may be as much as 15°. Total deflection may be 50-60° from the vert. Hardness and dip of 
strata have an important effect on deflection (38, 30). Cost of directional tools and supervision 
have averaged about 91 000 per well. Assuming 91 200 for extra rig time, the total cost would be 
Bay 93 200 for deflecting a 3 600-ft hole. In one case, a 3 flOO-ft hole was deflected nearly 700 ft 



Fig 37. Eastman 
Hydraulic Bridget 




Dlsgram of (wirts 
in place, and 
deflected liole 


Fig 38. Hall-Rowe Wedging Device (Canadian Inst Min & 
Metallurgy) 


horisontally, missing its objective by only 8 ft. A high degree of accuracy is attainable by drilling 
slowly and making frequent surveys. Most directional drilling and surveying equipment is owned 
by firms specializing in the work; or equipment may be rented by oil companies. There is a saving 
in both time and cost by starting directional drilling at the proper point, rather than attempting 
to drill a perfectly directed hole from top to bottom. 


13. COST OF OIL-WELL DRILLING 

As no standardized form of accounting is followed, data on costs may be confusing. 
Actual drilling time varies greatly in different fields, depending upon local conditions and 
previous experience of the operator. Hence, aver figures should used only as a genera] 
guide. Costs may be segregated as follows; 1, rig and equipment; 2, pipe and fittings; 
3, casing and “cellar" connections; 4, production equipment; 5, construction labor; 
6 , drilling labor; 7, contract labor; 8, water, supplies and rig repairs; 9, fuel and power; 
10 , circulating fluids; 11, trucking; 12, outside and company rentes; 13, repairs; 
14, indirect charges; 15, supervision. 

Examples. In KMA Held, Tex, where the sands are productive from 400 to 1 700 ft, a well 
can be drilled and “ put on pump " for '92 000. Recent deep drilling disclosed new oil sands at 
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about 3 700 ft; wdla drillad with rotaiy to 3 650 ft, and eomplated with oaUe toob; time, 30 dajni 
per well, which may be leaeened as drillers become familiar with field, Flowing welb reach etage 
of delivering to tanks for about $25 000, of which $12 000 b for contractors, and $13 000 for piping, 
aeparators and tanks. 

In^Calif the following figures are for aver conditions; welb of 4 000-4 500 ft, completed in 
l»-25 days, cost, $35 000; 5 000-6 000,30 days. $45 000; 7 000-7 600,35-40 days, $60 000-$65 000; 
8 000, 55-60 days, $75 000-$g0 000; 10 000-11 600, 75-00 days, $150 000-$170 000. A rig costing 
about $100 000 should drill 6 welb. Cost of rig and casing, about Va of total; drilling toob, 1/$; 
drilling and supervision, about l/g. For depths of 5 000 or 6 000 ft, <hrectional drilling costs from 
$2 000 for good conditions to $10 000 for bad; surveying, $360-$500. 



Fig 30. Special Bits for Directional Drilling 


In Penn, rotary drilling to 7 500 ft, direct costs were $7.66 per ft, indirect costs, $3.16; total, 
$10.82 per ft. This is $724.62 per day elapsed time, or $805.21 jier operating day. Cost of bits 
and parts, $2.32 per ft; payroll, $1.81; freight, etc, $0.62; drill stom depreo, $1.37. Gross cost of 
other welb, drilled 1937-38; cable-tool well, 7 050ft, in Washington Co, $149 000, or $21.13 i)er ft; 
rotary well, 7 502 ft, in Westmoreland Co, $04 371, or $12.58 per ft; rotary well, 6 454 ft, Potter Co, 
$7.78 fw drilling and $1.53 for casing; total, $9.31 per ft. 


Table 18. Approx Costs of California Oil Wells 


Fbld 

Av depth, 
ft 

Av cost 
per ft 

Field 

Av depth, 
ft 

Av 30St 
per ft 

Hiinfclngfcon Bcach . 

4 350 

$13 

Kern River... 


$13 

Kettleman. 

8 800 

22 

Lost Hills. 


12 

Stockton. 

5 300 

13 

Mountain View. 

5 300 

• 5 

Greeley. 

7 800 

13 

Semi-Tropic and Trico.. 

2 400 

16 

Torrance Refinery. 

7 200 

12 





Cost of “bare" well, ercluding production facilities, b about 95% of above figures. 


Most wells in Table 23 wore drilled in 19.38, and represent latest practice. Higher cost 
of the deeper wells due to more complicated casing problems and harder formations. Wide 
variation in cost of rigs or derricks; on deeper wells, derricks were moved to now locations, 
and depreciated approx 10% per move. Now, the derrick is considered part of drilling 
equipment, and dally rental is charged, based on 1 000 days’ life; tlius, a $6 000 derrick 
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Table 19. Segregated Coete in California (19S7) and Wyoming Oil Flelda 

(numbers in ool 1 refer to notw at end of table) 



Ventura District 


5 400 ft 
I 4 494.72 
23 463.77 
I 042.75 
66 166.99 
861.10 




3 620 ft 
$ 3 965.25 
23 021.13 
17.09 
25 531.05 
607.36 
I 302.00 


$54 443.88 


3 780 ft 
$ 3 191.81 
II 705.38 
679.33 
26 878.58 
156.63 


2 280 ft 
$ 2 675.68 
10 682.18 
28.05 
33 222.64 
219.69 


$46 828. 24 


9 380 ft* 

I 3 549.58 
9 114.37 
66.25 
105 406.50 


$118 136 70 


$42 611.73 


Los Angeles District 


3 460 ft 5 440 ft 

$ 2901.58 $ 4411.40 

23 079.73 22 983. 38 

7.09 34.38 

25 520 89 28 494.76 

615.86 644.03 

1 434.00 1 318.20 


$53 559 . 15 


Los Angeles District 


490-3 875 ft 
$ I 355.45 
13 056.57 
801.50 
84 491.32 
643.86 
* 


$100 348.70 



7 200-7 460 ft 

1 990 ft 

1 

$ 2 428.67 

$ 917.21 

2 

23 388.44 

7 627.53 

3 

1 615.86 

104.55 

4 

106 401.48 

10 456.30 

5 

1 298.23 

4 578 58 


$135 132.68 

$23 684. 17 


So Wyoming t 

No Wyoming 


5 560 ft 

6 070 ft 

1 

$ 2 233.07 

$ 2 109.73 

2 

59.82 

20 933.19 

3 

2 200.66 

125.02 

4 

146 328.32 

187 677.65 

5 

31 772.29 

499.53 


$182 594.16 

$211 345. 12 

6 

credit 5 786. 78 



$176 807.38 



3 625-6 810 ft 
$ 3 937. 17 
17 596.51 
512.23 
97 909.60 
2 958.49 


$122 914.00 


Kern District 


4 760 ft 
$ 1 436.99 
15 574.14 
290.80 
18 173.99 
413.45 


$35 8‘-*9.37 


1 550 ft 
$1 921.78 

2 633.39 

72.31 
8 546.43 
290.78 


$13 464 69 


3 900 ft 
$ 4 105.24 
22 957.78 
28.75 
19 022.70 
645.95 
1 577.40 


$48 337 82 


3 650 ft 
$ 4 101.07 
21 234.43 
80.35 
23 390.60 
I 297.38 
I 252 80 


$51 356.63 


I 720 ft 
$2 016.19 
3 408.89 
85.82 
7 372.22 
514.23 


$13 397.35 


Midwajr Dist 


4 500 ft 
$ 646.16 

12 289.41 
14.92 
21 930.48 
980.28 


$35 861.25 


Midway Dist 


3 120 ft 
$ 2 823.63 
6 369.81 
53.96 
14 877.82 
710.91 


$24 836 13 


Midway Dist 


1 270 ft 

$ 458.74 

2 605.92 

13 542 !44 
124.84 


$16 731.94 


4 850 ft 
$ 2 549.49 
II 556.68 
274.75 
23 328.33 
312.69 


$38 021.94 


water piping during drilling (special rental 


1. Drilling rig; derrick, crown block, permanent 
parts, foundations, timber. 

2. Casing, tubing and control head. 

3. Rigging materials that remain (except derrick), 
as water connections and drilling lines. 

4. Labor and expense: (a) drilling labor, pipe 
lines, electric work; (b) drilling materials: mud, rea¬ 
gents, cement, rope; (c) expense of outside drilling 
contractors, building rig, surveys of well, formation 
testing, cementing, coring, fuel for power, special 
drilling tools; (d) company transport of materials, 
roads, etc; («) drilling-tool rental, core bits, drill 
pipe, draw-works, rotary equipment, power plant. 


6. PiUng, contract job. 

* Bedrilled from 1 980 ft. 


t Wildcat well, abandoned. 



Table 20. Cost of Comfdeted Wells in Los Angeles Basin, 1937-38 


Depth, 

ft 



Cost, 

Depth, 

Coet, 

Depth, 

Cost, 

$ 

ft 

$ 

ft 

$ 

59 986. 03 

3 900 

S3 650.60 

3 890 

54 888.25 

62 890.83 

4 130 

64 706.60 

4 075 

59 682.25 

65 621.30 

3 310 

39 805.01 

3 000 

33 179.65 

50 610.55 

4 000 

59 585.41 

3 900 

55 107.17 

98 487.10 

2 950 

33 564.38 

3920 

59 858.64 

52 092.90 

3 000 

38 022 .79 
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Table 91. Drilling Coatt, Celifomin 



San Joaquin Valley 

Coaatal 

Ventura 

(e) 

Loa 

Angelea 
Baain (d) 

Inland 

Ventura 

(e) 

(a) 

(h) 

Depth, ft. 

Equipment: Casing. 

Derrick and rig. 

(^her, prorated. 

8 500 
$23 506 
16 964 

15 000 
$ 51 420 
18 900 
18 490 
42 495 
54 720 

6 825 
10 460 
(/) 

104 845 

6 900 
$26 200 
16 960 

2 720 

3 700 
14 105 

2 200 

6 175 

3 000 
41 490 

6 500 
$28 065 
16 615 

1 820 

1 815 
II 725 

1 625 
500 
500 
26 210 

8000 

Cement, drilling mud, chemicals. 

X^abor... 

14 384 

37 184 

$ 41 832 

2 804 

150 204 

Power or fuel (gas, elec). 

Special services (as coring, surveying^. 

Unusual expense due to local eonditione... 

Other operating costa, prorated. 

Total drilling coat. 

Average coat per foot. 

$92 038 
$10 83 

$308 155 
$20.60 

$116 550 
$16.90 

$89 275 
$13.72 

$194 840 
$24.30 


(а) Routine development drilline in fairly eaay formation, with moderate dips. 

(б) Wildcat (exploratory) well, deeimt ever drilled; cost very moderate for such wells. Pro> 
duotion or development wells may be drilled here for $15-$17 per ft. Most of strata in the area are 
easily drilled; dips flat or slight. 

(e) Routine drilling of development well in bard, steeply-dipping beds. 

(d) Routine drilling of development well in medium hard sediments; dips moderate. 

(e) Very difficult area of moderate dips; extremely hard formations for coring. Many fishing 

jobs oaused by drill-pipe twist-offs. (/) See casing item. 


Table 92. Drilling Costs, California Oil Fields 


Field 

Domin- 

guex 

Monte¬ 

bello 

1 

Playa 
del Rey 

Rich¬ 

field 

RoBecrans 

1 

Sta Marie 
Valley 

Rio 

Bravo 

Aver depth, ft. 

7 500 

6 400 

6 300 

4 600 

7 800 

4 500 

II 500 

Time, daye. 

45 

45 

35 

30 

40 

25 

80 

Surface equip’t. 

■ Ml IDE 

$ 7 000 

$ 7 500 


$ 7 000 

$ 4 000 

$10 000 

Caaiag, etc. 


16 000 

12 000 

Hffi 1 9 

20 000 

IS 000 

30 000 

Labor (a). 

■ if ll 

12 000 

10 000 

■TEil 

14 000 

10 000 

20 000 

Power or fuel. 

4 500 


4 000 

3 000 

HEiil 

3 500 

10 000 

Other ooeta. 

36 500 

BZ 1 

21 500 

18 000 

■!i 1 ll 

17 500 

90 000 

Total. 

$85 000 

1 $70 000 1 


$45 000 

1 $80 000 1 

$50 000 

$160 000 


(a) Construction and drilling. 


Table 23. Cost of Oil Wells, California 


Area 

Depth, 

ft 

Days 

time 

Rig. 

complete 

Road 

and 

grading 

Drilling 

Caaing 

and 

cement 

Pro¬ 

duction 

equip’t 

Total 

Per ft 

San Joaquin. 

1 815 

16 

$2 660 

$ 854 

$ 6 226 

$ 5 118 

$ 3 873 

$ 18 731 


• 1 It 

1 687 

II 


685 

4 028 

3 943 

4 604 

16 430 

wX?l 

86 «• 

8 350 

40 



31 000 

22 600 

12 100 

^■ZT' «!>■ 


•• It 

8 200 

48 


800 

36 400 

20 000 

15 100 



•4 II 

1 714 

20 

3 000 

140 

6 220 

3 040 


Bm! jiS 

Kjfri 

Lea Angelea basin 

6 650 

54 

4 605 

215 

32 990 


7 125 

79 195 

11.91 

. 

5 766 

58 

6 620 

670 

34 000 

Itiv i!il 



n.os 

II 

7 450 

77 

8 307 

1 330 

60 709 

27 738 


106 686 

14.32 

•s 

1 500 

15 

no 

no 

7 820 

3 200 


12 140 

8.09 

• 1 

1 675 

20 

100 

720 

8 813 

4 180 

1 612 

15 425 

9.21 


cost $6 per day; shaUow wells have been drilled with portable masts, no derrick cost 
charged. Wildcat wvlU vary greatly in cost, of fuel, water, mud and kind of formation; 
2 recent wildcats, to lU 000 ft in San Joaquin valley, cost $26 and $8 per ft respectively; 
in the first large quantities of weight material were used to hold back caAring shale, and 
finally a protective casing-string was set; in the other well, no easing or weight material 
were necessary. Cost of daily operation for light gas-engine equipment, for drilling to 
6 000 ft, averages about $400 per day. Heavy steam drilling equipment, for 10 000 ft 
coats $600-$750 per day, depending on cost of fuel and water. Extra heavy steam equip¬ 
ment for 15 000-ft wells costa from $750-$l 000 per day. 
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TsUc S4. Drilling Costs (L. G. E. Bignell) 



Depth, ft 



Depth, ft 

Aver coots 

Oklahoma City, Okla.... 


$100 000 

Kettlcman Hills, Calif... 

7 200 

$150 000 

East Texas Field, Texas.. 

3 650 

12 500 

Perry, Noble Co, Okla.. 

5 200 


Sulphur Bluff, Texas. 


21 500 

Victoria, Texas. 

4 300 


r!nnpn#i, . 

^EVTITiH 

27 500 

Tioga, Penn *. 

4012 


Pettus, Texas. 

4 000 

25 000 

McPherson Co, Kan . 

3 350 

35 000 

Government Wells, Texas 

2 400 

lOSOO 

Mt Pleasant, Mioh 

3 600 

18 000 

Western Kan. 

3 400 

32 500 

Panhandle, Texas *. 

3 000 

17 500 

Cunningham, Kan. 

3 050 

25 000 

Bay City, Texas. 

7 500 

45 000 


* Type of equipment, oable'tool; all others, rotary. 


Table 86. Costs of California Wells (J. E. Brantly) 



Kettleman Hills 

Los Angeles Basin 



(W 

(c) 

(d) 

(e) 

Depth, ft. 


8 400 

3 904 


7 405 

Overall time, days. 

120 

160 

42 

46 

82 

Labor. 

$23 130.67 

$31 024 

$6 375 

$7 125 

$16 883 

Earthwork. 





870 

Pits and ditches. 

1 255.00 

1 374 

610 

641 


Miscellaneous expense. 

10 659.50 

12 852 

3 980 

4 880 





820 


1 205 

Bits and coring tools. 

7 945 51 

14 170 

2 420 

■tn 

4 950 


1 860.00 

2 560 




Transport. 

2011.67 

3012 

810 

860 

1 360 

Fuel ♦. 

4 800.00 

9 600 

2 580 

2 760 

8 200 

Water @ I.5fi per bbl. 

1 800.00 

2 400 

380 

404 

1 230 

Tool rental, depreo and capital repairs.. 

20 860.00 

26 750 

3 522 

4 830 

9 685 

Indirect operating cap... 


3 705 

1 260 

1 485 

3 920 

Overhead. 

5 480.00 

7 750 

1 680 

i 800 

2 860 

Total intangible coets. 

$79 802 35 

$115 197 

$24 437 

$28 635 

$55 463 

Roads and earthwork. 

$ 2 500 00 

$ 3 260 

$ 1 600 

$ 2 200 


Derrick erected. 

7 450.00 

8 500 

II 600 

12 400 

$ 7 460 

Permanent well equipment. 

44 750 00 

42 800 

28 800 

27 650 

28 640 

Total capital items. 


$ 54 560 

$42 200 

$42 250 

$36 too 

Total cost. 

■fZlala 

169 757 

66 637 

70 885 

91 563 


(a) Flat-dip area. 2 drag bits, 22-in; 20 drag bits, 14.75-in; 15 rock bits, 12.25-in; 40 rock 
bits, 83/6-in. 16-in surface casing, Os/g-in water-string, 65/8*>n oil-string or liner, 3-in tubing. 

(b) Hteep dip area. 2 drag bits, 22-in; 32 drag bits, 14.75-in: 26 rook bits, 12.25-in; 48 rock bits, 
8«/g-in; reamers, guides, core-heads. 16-in surface casing, 9&/8-in water-string, OS/g-in oil-string 
or liner, 3-in tubing, (r) Straight hole, soft formation. ISVs-m, 11.75-in and 85/8-in easing and 
liner, 3-in tubing, ^(d) Directionally drilled, soft formations. 18V8-in, 11.75-in and 65/8-in casing 
and liner, 3-in tubing, (e) Soft formations. Producer. ISS/g-in surface pipe, 9-in water-string, 
65/8-iu liner, 2.5-in tubing. * Qas @ 10^ per M (a, 6) and 20^ (c, d, e). 


Table 26. Cost of Well in Texas Panhandle, 1937 (J. E. Brantly) 

Depth, 3 200 ft; cable tools; pumping well; 40 days drilling; 15 days shooting and cleaning oot 


Company labor. 

.. $ 1 015 

Drilling labor. 

$ 2 429 

Payroll tax. 

36 

Payroll tax. 

72 

Compensation ins. 

166 

Comilensation ins. 

396 

Pump test. 

25 

R. S. & E. 

480 

Water and gas lines... 

39 

Bits. 

646 

Pits. 

ISO 

Mud fluid. 

81 

Water. 

653 

Transbort. 

482 

Fuel. 

156 

Kquip’t. 

167 

Transport. 

173 

Wire lines. 

350 

Derrick erection. 

512 

Overhead. 

917 

Lumber. 

120 



Fishing. 

15 

Total. 

$ 6 020 

Supplies . 

46 

Company exp, contra. 

II 149 

Cementing. 

616 



Shooting. 

596 

Total. 

$17 169 

Misoellaneoua.... 

75 

Tool rental and capital re- 


Well equip t (a). 

6 756 

pairs. 

3 927 

Total. 

.. $11 149 

Total. 

$21 096 


(a) i0.75-in, 7-in, 2-in. 
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TaU* S7. Coat of Ott-woH DriUinc in Knnms, Oklnhomn, Torn and Onlf Coast 


Cost, doUan 


State 

and 

County 

Depth, 

ft 

Drilling 

rig 

Derrick 
and rig 
equip’t 

Caring 

and 

tubing 

Miso 

supplies 

and 

SQuip’t 

<«) 

Well 
head and 
pumping 
squip’t 

Total 

oast 

Aver 
per ft 

JCanaaa ( 6 ) 

Barton. 

3 356 

13 885 

2 997 

5 560 

4 360 

2 356 

29158 

8.69 

Reno. 

4 057 

16 093 

3 326 

6 661 

3 927 

5 262 

35 269 

8.69 

Reno. 

3 383 

I39II 

3 044 

7 327 

4 963 


33 052 

9.77 

Rice. 

3 331 

14 124 

3 339 

4 480 

3 344 

6 285 

31 572 

9.48 

Rios. 

3 258 

13 531 

3 213 

4 371 

2 808 


30 023 

9.22 

TltMlMlII (r). 

3 072 

M 283 

1 857 

4 711 

2 979 


22 736 

7.40 

7.47 

Stafford. 

3 561 

6 130 

3 240 

6 172 

4 010 


26 599 

Stafford. 

3 546 

13 995 

3 335 

6 471 

5 079 


34 584 

9.75 

Stafford. 

3 550 

11 880 

3 285 

5 757 

3 137 

7 145 

31 204 

8.79 

Stafford. 

3 625 

10 604 

3 257 

5 864 

4 247 

6910 

30 882 

8.52 

Oklahoma (h) 


Hughes. 

4 153 

18 879 

1 080 

6 537 

4 456 


33 160 

7.98 

Hughes. 

4215 

19 494 

1 236 

6 472 

3 586 

1 484 

32 272 

7.66 

Lincoln. 

4 245 

20 479 

960 

7 348 

3 097 

1 076 

32 960 

7.76 

Lincoln. 

5 002 

23 421 

1 128 

8 670 

5 413 

1 024 

39 656 

7.93 

Noble. 

4 871 

22 089 

881 

8 142 

5 757 

2 235 

37 104 

7.62 

Noble. 

5 098 

22 941 

1 364 

7 170 

7 635 

1 347 

40 457 

7.94 

Oklahoma. 

6 693 

38 008 

1 275 

10 474 

8 433 

3 677 

61 867 

9.24 

Payne. 

4 302 

22 030 

1 202 

7 705 

4 094 

I 329 

36 360 

8.45 

Payne. 

4 501 

20 522 

997 

7 610 

2 854 

1 915 

33 898 

7.53 

Pottawatomie. 

4 449 

20 404 

1 778 

7 475 

4 009 

1 192 

34 858 

7.84 

Pottawatomie. 

4415 

21 134 

1 553 

7 546 

4 308 

935 

35 476 

8.04 

Seminole. 

4 628 

23 855 

3 278 

8 325 

7 025 

5 284 

49 767 

10.75 

Seminole. 

4 434 

23 841 

3 690 

9 338 

6 506 

4 684 

46 059 

10.84 

Seminole. 

3 942 

21 796 

4 434 

6711 

1 590 


35 737 

9.07 

Logan. 

5 080 

25 563 

i 073 

8 134 

3 461 

2 364 

40 615 

8.00 

Logan. 

North Texas (d) 

5 070 

22 963 

861 

8 048 

4 077 

2 304 

38 253 

7.54 

Gray. 

3 343 

II 375 

1 974 

1 724 

4 098 

525 

19 696 

5.69 


3 290 

10 92U 


3 060 

4 380 

818 

19 178 

5.83 

Canon..... 

Hutchirifinn. 

3 295 

12 235 


9 997 

5 853 

2 573 

30 656 

9.30 

3 040 

8 5'.9 


1 560 

5 720 

2 959 

18 788 

6.18 

Hutobiuson. 

3 095 

10 0-<3 


4 569 

3 710 

2 384 

20 708 

6.69 

Hiitehiniinn. 

3 073 

M 330 


1 469 

4 355 

1 977 

19 131 

6.23 


3 lUU 

II IG8 


2 034 

5 802 

2 107 

21 131 

6.82 

Weit Texas (e) 


Ector. 

4 135 

22 432 

924 

6 657 

4 799 

373 

35 185 

8.51 


4 206 

23 174 


6 907 

4915 

3 476 

36 472 

9.15 

Peooa (c). 

491 

1 515 


480 

696 

938 

3 629 

7.39 


444 

1 300 


491 

837 

884 

3512 

7.91 • 


1 416 

5 109 


3 491 

941 

812 

10 353 

7.31 


i 408 

5 123 


3 014 

1 027 

586 

9 750 

6.92 

Ward (c). 

2 503 

7 842 


4 742 

2 236 

635 

15 455 

6.17 

Ward. 

2518 

II 677 


4 574 

2 270 

855 

19 376 

7.69 

Ward. 

2 524 

10 703 


4841 

1 873 

1 036 

18 453 

7.34 

Texas Onlf Coael (J) 



6 080 

22 039 


14 723 

5 777 

1 336 

43 875 

7.22 


5 994 

18 761 


14 902 

6 935 

1 425 

42 023 

7.01 


5 991 

22 356 


16712 

4 970 

1 190 

45 228 

7,55 

Chamhpm . 

6616 

26 115 

1 315 

14 142 

7 512 

2715 

51 799 

7.83 

Galveston. 

5 198 

23 878 

5 853 

11 617 

10 388 

1 145 

52 881 

10.17 


6 346 

17 117 


14601 

n 687 

413 

43 818 

6.90 

Galveston. 

6 272 

15 977 

1 607 

15 283 

n 152 

1 123 

45 142 

7.20 

Oalv#Mtnfi. 

6 065 

18 930 


13 898 

7 716 

1 843 

42 387 

6.99 

Oalwwtnn. 

8 000 

40 092 


23 364 

13 725 

3 068 

80 249 

10.03 

Harris. 

4 832 

13913 

4 740 

11 765 

5 965 

1 489 

37 872 

7.84 

HarriA . .... 

4 800 

14 153 


II 528 

7 942 

1 396 

35 019 

7.30 

Louitiana Oulf Coast (/) 


Acadia . 

7 222 

37 100 


28 379 

18 729 

2 333 

89 158 

12.35 

Acadia. 

7 250 

45 000 


17 864 

17 165 

2 621 

85 195 

11.75 

Cameron . 

3 199 

8 079 

ilHI 

3 542 

5 147 

1 208 

18 720 

5.85 

CamM*nn . 

5 887 

II 740 

12 944 

6 193 

2 290 

33 167 

5.63 

Cameron. 

5 930 

14 678 


8 708 

5 353 

1 193 

29 932 

5.05 


(a) Miso labor, toola and Bupidiea; freight, hauling, drilling mud, fuel, water, addiiing, ehootiag, 
cementing. (6) Chiefly alternating limestone and anale bede, relativwy haro. (e) Drilled with 
cable tocM; Ml other nolce drilled chiefly or entirely with rotary, (d) Medium hard sand and 
shale, very bard ddlomitie Umeetone. (•) Medium hard sands, shales and anhydrite: umdium to 
▼ery hard limestone. (/) Soft sands and shales; heaving shale, salt-water flows and ste«p dips 
often eause high costs. 
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14. PORTABLE CHURN DRILLS FOR PROSPECTING 

For placer drilling, li^t power drills are largely used for depths of 15-30 ft. As 
diallow deposits become scarcer, deeper, sometimes buried, channels are prospected to 
300-400 ft. Lead and zinc deposits are sampled by churn drills to 400-600 ft, as in Tri- 
State district. For porphyry copper deposits, chum drills may roach 1 000-1 000 ft. 
Water w^s and blast holes are usually within 200-300 ft. Large blast-hole drills grade 
into "spudders” for oil wells of 4 000-5 000 ft depth. 

Setting ttp. Level rear wheels by blocking, taking wt off front axle by jacks. Cater¬ 
pillar treads should have ground leveled for them. For the deeper holes a platform in 
front of drill supports tools and extra bits. Derrick is rtused by the aid of engine, and 
guy wires, if used, are anchored. 

Drilling is almost always by spudding with wire lines. Tools are dropped about 
60 times per min for placer drilling; quick stroke keeps the gravel in suspension after 
loosening and avoids pulverizing. In copper and lead-zinc deposits, speed of stroke is 
38-50 per min for heavy tools. Some prospecting requires cased holes; bla.st holes are 
rarely cased, except at top; to(;!e lighter than for standard rig. For holes deeper than 
100-150 ft, jars are desirable. At Miami, Ariz, prospecting holes averaged 600 ft; casing 
generally needed below 400 ft; bits, 10, 7 ^/g and 0.25-in; 1 000-1 500 ft holes in porphyry 
may be started with 23-26-in stove-pipe casing; bottom diam of hole, 4 in. 

In Tri-State district, for 400-600 ft, standard bit is 6.25-in, with 26-ft stem and jars; wt, about 
2 000 lb (42). When drilling fractured ground, where several strings of casing are needed to obtain 
aeeurate samples, holes are started with 8 to 10-in bits and finished with 47/g-in, though the latter 
lack wt, are slower in drilling, and, if ground is bad, the hole may have to be abandoned to avoid 
losing tools due to caving (4.3). In Tri-State mines, underground churn drilling is sometimes done 
by special compressed-air drills, for prospsoting where surface is covered by tailings or buildings; 
they require only 18-ft headroom for 60-ft boles. In some copper mines, churn drills are set on floor 
of drift, and need only 12-14 ft headroom, a 50 to 60-ft vert raise being driven for taking the crown 
sheave. For prospecting copper deposits in difficult rhyolite, a churn drill, starting with 14-in 
bit, was replaced at 800 ft by a small rotary outfit, making a 0 S-in hole; holes drilled to 1 265 ft, 
5-in cores sometimes taken. Material caujd^t on a 60-mesh screen permits identification of rock, 
and shows whether sulphides are present, A max speed of 82 ft per S-hr shift has been attained; 
aver on several holes over 1 000 ft deep, about 30 ft per shift. 

Moving. For small drills roads should be about 9 ft wide. Large caterpillar drills, 
max width 9.75 ft, can climb a 30% grade; speed on level ground, nearly 1 mile per hr; 
small machines can make 4-5 miles per hr in high gear; 2 miles in low. Non-traction 
drills are moved by caterpillar tractors, or mounted on auto-trucks; sometimes by the 
engine winding in a cable attached to a tree. A C-horse team can pull a 12 000-lb drill 
on good roads; a 10-horse team, an 18 000-lb drill. 

Hollow-rod rig. For shallow boring, holes should be smaller than 4.25-in (the economi¬ 
cal limit with cable tools). Hollow rods are then used, instead of rope, for 2 to 4-in holes 
(45). In the hydraulic method, by means of valves in the rods, cuttings are forced to 
surface by self-pumping action; in the jetting method (more effective in soft ground) 
water is pumped down the rods to bring up the cuttings between rods and wall of hole or 
casing. These rigs drill to 1 000 ft and more. 

Bits. To loosen the gravel in placer prospecting, bits are long and thin, compared 
to blunt, heavy rock bits, which exert a crushing action (see Fig 15). A detachable bit 
is finding favor; its cutting edge is bolted to body of bit, reducing the wt carried back 
and forth to blacksmith shop (see Sec 5). • 


16. DATA AND COSTS FOR PROSPECTING DRILLING 

Placer drills. The light Hillman Airplane drill (Fig 40) will drill and handle casing 
to 76 ft or even more, at rate of about 20 ft per day. Two 20-ft holes per day are often 
made in shallow testing; at 85^ per ft in CaUf, to $2 per ft in Alaska. Specifications: 


Wt of drilling tools, lb. 400 

Strokes per min (30-60) aver.. 50 

Length of stroke, in. 15-30 

Heaviest piece (drill-stem) lb.. 150 

3-hp gasolene engine, Ib. 260 

Longest piece of derrick, ft.... 6.5 

Heigh^f derrick from ground, ft 17 


Overall length of frame, ft. 6 

Overall width of frame, in. 37 

Diam drive casing, in. 4 or 5 

Diam drive shoe, in.5.5 or 6.5 

Cu in of core sample per ft of 
hole. 260 or 390 


Drill can be mounted on sled runners, or a two-wheel trailer: dismantled, it can be trans* 
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imrted on nmlebaok or in an airplane. Wt without tools, about 1 600 lb; aver cost, with 
100 ft of casing and tobls, $1 300 fob Seattle. 

A larger machine will drill and pull casing to 300 ft, at about 30 ft per day; 26-hp 

gasolene engine; 28-ft derrick; 



Fig 40. Light Placer Drill (C. K. Hillman Co) 


drive shoe, 7.6 or 9.5 in; wt 
without tools, for sled or truck 
mounting, 6 860 lb; with cater¬ 
pillar mounting, 112001b; vt 
of tools, 1 000-2 600 lb; cost, 
with tools and 100 ft of 5 or 6-ia 
casing, $4 500. Keystone No 
71 placer drill is an all steel 
crawler, with 3 speeds. Bit, 
6 B/s in; wt of string of tools, 
about 1 200 lb; 25-hp gasolene 
engine; height of mast, 34 ft. 
Cost, fully cfjuipped, $5 000- 
$5 500; wt, not including tools, 
alwut 14 000 lb. String of 
tools: bit, 4 ft 10 in long, 250 
lb; drill stem, 4.25 in by 20 ft, 
690 lb; jars, 2501b; wt, com¬ 
plete, 1 350 lb. 

In testing a placer deposit, 
actual drilling time may be a 
relatively small part of total 
elapsed time. The systematic 
boring of the Mammoth area. 
New Zealand (41) w'as done by 

2 petrol drills, powered w'ith 
20 -hp automobile engines; ca.s- 
ing, 6-in, with 7.5-in dri\'ing 
shoe. Holes, 10-20 ft deep; 
118 holes drilled in about 4 
months; cost, $3.76-$4 per ft; 

3 men on each drill. Wages: 
driller, $4 per day, panner, 
$.3.7.5, man on gravel pump, 
$3.26. On a British Col placer 
(1934), drilling was done with 
3 Keystone drills, 1 having 
capac of 1 600 ft, the others, 
300 ft; 1 628 ft of hole cost 
$2.00 per ft. In 1935, 4 782 ft 
wore drilled, with 6-in casing; 
cost, $3.42 per ft (including 
road building). In 1937 drilling 
cost $2 ]>er ft. Most holes, 200 
ft; none deeper than 300 ft. 

Base-metal prospecting. In 
Tri-Statjd DWTmcT drills are 
all gasolene, mounted, 6.5- 
6.26-in spuddors, for 400-600 
ft holes in shale, limestone 
and chert; work by contract 
at $1 per ft aver. The chert 
wears bits rapidly. Aver speed, 
25 ft per day. Costs: wages 
56^; power 6^; repairs 
supplies ISf!; insurance 2^; 
taxes 3fl; deprec 2.5^; total 61^ 


(42-44). Underground chum-drilling costs $2-2.50 per ft for 60-ft holes. Sotto Bot- 
THioii ORB, drilled with 0-in holes by Armstrong elec drill: depth, 33 ft; speed, 12-18 in 
per hr; cost per ft, labor $1.0S, supplies 5i, sharpjnin^ bits 73^, miso 9^; total $1.98. 
CauBR-DRinP PKoapBOTiso AT Chino minus, Nav Consol Copper Co, N M, ia 1930, with 
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Table t8. Drill Pipe, Drive Shoes end Stems (C. Kirk Hillman Co) 


Drill pipe 


Drive shoea 


Outside 
diam, in 

Inside 
diam, in 

CroBB-fsec 
U'CH, sq in 

Vol per ft 
depth, cu in 

Cutting 
edge 
diam, in 

CrOBB-BCO 
area, bq in 

Vd per ft 
depth, ou in 

Ft driven 
to cut 

1 cuyd 

4 

3.826 

11.4969 

IV. 9628 

5.25 

21.6475 

259.77 

179.6 

5 

4.613 

18.1938 

216.3255 

6.5 

33.1832 

398.1978 

117.1 

6 

5.761 

26.0666 

312.7997 

7.5 

.44.1788 

530.1450 

88.0 

8 

7.625 

45.6636 

547.9632 

9 75 

74 6621 

895 9450 

52 08 


Drive- 
pipe, in 





Wt PCT 
ft, lb 

Core rise: in 4-in pipe, with 5.25- 
in shoe, per ft depth, 22.6 in; in 5-in 
pipe, with 6..‘^in slioe, per ft depth, 
21.9 in; in 6'in pipe, with 7.5-in 

4 

14.983 

31/8 

26.08 

4.25 

48 23 

5 

20.778 

3.25 

28.21 

4.5 

54 07 

shoo, per ft depth, 20.3 in; in 8-in 

6 

28.573 

3.5 

32 71 

4.75 

60 25 

pipe, viith 9.75-in shoe, per ft 

8 

43.388 

4 

42 73 

5 

66 76 

ft depth, 19.6 in 


Sanderson rigs, in fracturcnj, si.jeified porphy’y. Holes started at 13 in, followed by 
10, 8, 6, 4.5 and iJ-in bits, acroruiiig to ground and rlcpth. Crew: driller 72^ per hr; tool 
dresser 5.3fi; sampler 52^5. Aver depth: special gasol?no rigs, 740 ft, aver cost, $4.15; 
steam Cyclone drill, 775 ft, aver cost, $4.GG; gusolotic I\o 14 traction rig, 303 ft, aver cost, 
$2.97 per ft. Deep chubk-prillino. Star clec jig, with standard S5-ft steel derrick for 
holes averaging 1 000 ft deep in monzonitc porphyry. Holtvs spudded with 20-in cross bit 
and jars. Stove-pipe casing, 20, 23 and 20-in, placcMi as noe<ied, followed by regular 
casing, 15.5, 12.5, 10 and 8-in. Samples taken ever>' 5 ft. Max speed, 5 ft per hr; aver, 
1 ft; total cost per ft; $11.41, of which labor was $6.09 and supplies, $4.72. Iron orb 
SAMPLING, Mich and Minn. Glacial drift covering varies from a few ft to 300 ft or more; 
many large boulders. Orebodies often contain layers of taconite, J'equiring alternate 
steam chum and diamond drilling. As ore is soft, hard taconite layers are blasted or 
learned, to keep cashing close to bottom for reliable wimples. Light diamond drill is direct 
connected, or belted chum drill. Me.nominbe and Cvti na ranoes. Ore is overlain by 
greenstone, diori-e, diabase and slate. C^osts, $1.7.5 to max of $3.50 per ft when in raan- 
ganiferous iron ore. On Vermillion and Maroi’ette hanoes, costs are $4-$4.50 per ft; 
Mesabi range, $2.50-$3.50 for churn drilling; diamond drilling, $3.50-$4.50 per ft. Hate 
of drilling, lQ-20 ft per shift. 


16. BLAST-HOLE DRILLING (see also Sec 5) 

Holes are shallow, moves short, and no ca.^'ing is used. Roles, 9 and 10-in at wide 
spacing, but 6-iu holes often used for (luarry and open-pit blasting. Speeds of 9 and 6-in 
drills are about the same, because the 9-in ha.s heavier tools, stem about 2 700 lb as against 
1 500 lb for the 6-in. A steel-frame t.s'pe (Loomis Machine Co) has capac of 600 ft; safe 
working load for 31-ft mast, 9 ton; stroke, 13-37 in, is adjusted by a sliding pitman 
connection to spudding beam; rxiwcr, gast^lcnc engine, 20 hp at 1 200 rpra. Wt, truck 
mounting, 8 200 lb; cost $1 945; wheel mounting, S SOO lb, $2 170; with solid rubber-tire 
wheels, 8 700 lb, $2 331; witli pneumatic tires, 8 500 lb, $2 331; with crawler, 13 000 lb, 
$3 360; 6-in tool outfit weighs 2 790 lb; 8-in, 3 540 lb. Traveling speeds; 0.5, 7/g, 1.5 and 
2.5 miles per hr. 

Table 29. Bucyrus-Armstrong Churn Drills 




27-'!' drill 

0 


42-T drill 


Diam of hole, in. 

6 

6 

6 5/8 

6 5/8 

9 

10 

12 

Height of derrick, ft. .. . 

33 

40 

33 

40 

47.5 

47.5 

47.5 

Drilling string, lb. 

1 401 

1 833 

1 5G2 

2064 

4 300 

5 100 

5 100 

Drill stem, in by ft. 

4.5 by 10 

4.5 by 14 

4.75 by 10 

4.75 by 14 

6.5 by 16 

7 by 16 

7 by 16 

Wt of bit, lb. 

250 

250 

250 

250 

500 

600 

600 

Length of stroke, in. 

Frame, width bj’ length 

27. 33, and 40 

6 ft 6 in by 10 ft 9 in long 


24, 30, 38 and 48 

9 ft 9 in by 22 ft 7 in 

Caterpillar treads. 

9 ft 5 in wide by 11 ft 9 in long 

II ft 3 in wide by 13 ft 9 in 

Power. 

36'hp gasolene eng; 15-hp motor or Diesel 

80-hp Diesel engine 


Wt without tools and 
cable. 

engine 

18 265 1b with goaolene eng; 

18 160 lb 

49 000 lb for Diesel; 45 300 Ib 


1 with motor 



1 with motor 



Drill stem as above is in 2 pieces. Advantages: stems can be reveised when lower box-joint is 
worn; lighter pieces sasily bandied; only one spare needed; no welds, bsnoe less breakage. Buey- 
rus'Arnuitrong drill 29-T is an intermediatesise, for holes 0-12 in diam; wt, 22 8701b, without tools. 
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(Table SO. Coat of DiffiUng Si SOO ft 
^ S-in Hole, Aver Heptb, 60 ft (in 
porphyry, with Armstronc 29-T drills; 
speed, 0,264 ft per min) 



Coat per ft 

Operating labor. 

Labor eharpening bite. 

SuppUea: Power. 

^Amp lur. 

$0,224 

0.021 

O.OII 

0.009 

0.0S3 

O.OIS 

0.045 

0.018 

0.016 

Caaing. 

Sharpening. 

Tools and miso.. 

PApAlf IilKht... 

SuppUee. 

Total per ft. 

$0,415 


60 ft deep, in back line (5 ft behind) 

Table Si. 


Fig 41 diows to<ds for driUMA and fishing; 
for bits, see Fig 17; Z bit often used in fissur^ 
ground. 

Blast-bole drilling, Chino aaines, N M, is 
done with 12 elec drills, caterpillar mounted, 
6 -in holes. Crew, driller and helper. Collars 
of holes are cased in shattered overburden; 
holes usually spaced 26-30 ft, 6 ft from edge 
of bank; in hajri ground, 18 ft apart. When 
bank is steep and hei^t less than 50 ft, holes 
may be drilled to 6 ft below grade, to break 
bottom. In banks exceeding 60 ft, "slope 
holes” are drilled, in conjunction with toe 
holes by machine drills. In hard ground and 
high banks, holes are sometimes staggered, 
30 ft apart in each line; holes in front line 
45 ft deep (see also Sec 5). 


Drilling in Porphyry, Gametited Limestone and Rhyolite 

(Bucsnrus-Armstrong elec tractor drill) 



1936 


Per 8 hr 

Per ton 

Per ft 

Operating labor. 

12.19 

0.0033 

0.16 

Buppliea and repaire. 

7.31 

0.0020 

0 . 10 

Power. 

.62 

0.0002 

0.01 

Power lines. 

1.25 

0 0003 

0.02 

Water aervice. 

3.00 

0 . 0008 

0.04 

Steel sharpening. 

2.51 

0.0007 

0.03 

Other expense. 

5 74 

0.0016 

0.08 

Total. 

32 62 

0 0089 

0 44 


1937 

Per 8 hr 

Per ton 

Per ft 

14.57 

0.0043 

0.19 

9.73 

0.0029 

0.13 

.66 

0.0002 

0.01 

2.69 

0.0008 


4.31 

0.0013 

0.05 

2.78 

0.0008 


2 65 

0 0007 


37.39 

0 0110 

0 49 


Drilling speeds in quarries with Bucyrus-Armstroog drills. In traprock, drill 29-T averaged 
3.34 ft per hr total time; 4.87 ft per hr actual drilUng time, 8 -in holee. In hard limestone, with 
24-T drill, 5.2 and 6.6 ft, respectively, in 9-in holes. In a hard limestone quarry. Ill, Loomis No 44 
and No 2 Clipper drills made in 1037 over 100 000 ft of 6 -in holes, averaging 55 ft, at 6 ft per hr 
actual drilling time. Costs: drilling labor, 16.17^; incidental labor, 3.33f; supplies, 2 ^; elec power, 
3^; total, 24.5^ per ft. 

Drilling hard siliceous hematite (1937) with 20-T Bucyrus-Armetrong machines, 9-in bits, for 
hardest ore; smaller type, 6 -in bits, for soft. Costa: 9-in holes, $1.89-2.01 per ft, and $0,089 
per ton ore; 6 -in holee, $1.69-2.28 per ft, and $0,147 per ton ore. Drilling speed, about 2 ft per hr. 


17. DIAMOND DRILL 

Construction. The boring column (Fig 42) consists of: bit X, set with diamonds; 
core shell V, containing lifter W ; core-barrel U ; hollow rods P, rotating within casing 
strings M and N. The drill rod is driven by gasolene engine, mounted on a steel frame; 
through a swivel, water is pumped into rods, a hose connecting pump and swivel; rods 
are raised and lowered by a drum and wire rope, the latter passing over a block at top of 
derrick. 

Casing is in 4 standard sizes, EX, AX, BX, and NX, for rods and couplings E, A, B, 
and N (Table 32). Other slightly different sizes are obtainable. Casing flush on outside 
when coupled is " flush-coupled casing”; when without couplings, " flush-joint casing.” 


Table 32. Nomuhal Dimensions of Rods, Casing and Cores 


Size 

Casing 
and casing 
coup<ii\g, 
outside 
diam, in 

Casing 
coupling, 
inside 
dian, in 

Casing 

bit, 

outside 
diam, in 

Core- 
barrel bit, 
outside 
diam, in 

Drill rod, 
o\itside 
diam, in 

Diam of 
hole by 
core-barrel 
bit, in * 

Approx 
diam of 
core, in 

Caaing, 
coupling 
and caaing 
bits 

, Rod 
and rod 
coupling 

BX 

E 


1 Va 

IW/32 

IV16 

15/16 

115/38 

V8 

AX 

A 

mBaM 


2 6/16 

1W/S2 

15/3 

I Vs 

11/8 


B 


22/8 

215/16 

2 6/16 

IM/32 

211/8* 

t>/8 


N 

EH 

3 

3 9/16 

7 18/16 

23/8 

2 81/3* 

21/8 


* Awnming hole I /32 in larger than bit. 
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mpunted on ball-bearings, and as it does not tevolve, is desirable for friable rook. 'Cores 
larger than standard are obtained vith speciaL fittings. For fragile rock, large diam cores 
are better than small. Fig shows the Sprague and Henwood double-tube, ball-bearing 



barrel; Fig 43B, the Sullivan large single-ttibe barrel for oil drilling. Common lengths of 
barrel are 20 in, and 2, 5, 10, and 20 ft; longer ones are made. 

Rods are cold-drawn, seamless tubing, in standard lengths of I, 2, 5 and 10 ft, but 
20-ft lengths are used for rods of 2 */g and 2 7/g-in outside diam (Table 33). 

Bits (Fig 44). A, blank bit with 
rounded edge; B, round shoulder bit 
with a large number of stones; C, 
square shoulder bit, with 8 stones, 
4 inside and 4 outside; D, Kobelite 
bit, in which stones are first moulded 
into insert strips, which are then 
brazed into the bit; E. sawtooth 
bit, hard-faced with Haystellite; F, 
sawtooth bit, face-hardened with 
borium; G, Bade bit, with stones set 
in plugs, which are then inserted in 
body of bit; H, “castset” bit, made 
by setting stmes in a mould and 
po^ng in molten metal; f, sawtooth bit, in which plugs of harc^etal are set. Sawtooth 
and hard-faced fishtail bits may be used in the softer rocks. A wlid bit, making no core, 
xnac^ be used for boring in barren strata above ore horizon; its face is slightly recessed; 


Table S3. Dumond Drill Rods 
(E. J. Longyear Co) 


Size 

Outaido 
diam, in 

ThickneM, 

in 

Wt i)er 
ft, lb 

Wt of 
couplings, 
lb 

EX 

iVte 


2.75 

1 0 

AX 

ie/8 

'/.B 

3 38 

1.5 

A 

16/8 

»'32 

3.76 


BX 

iM/aa 

V4 


2.0 

NX 

2 8/8 

3/j* 

4 00 

4.0 
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rim dUtmoods are wt with usual elaarance, and holes through lut admit water to face. 
In aoft ore, cores hare been taken with a square-shouldered Uank bit, with water courses 
out in it (Art 18). Diimonds are always set to "coror" one another as bit rotates. 

Types of drills range from portable, hand-operated machines for depths of 300-400 ft, 
to the heavy, engine-driven type for great depths. A recent diamond-drill hole in So Africa 
is 10 718 ft deep; 2 others, 7 408 and 7 770. Compact drills are made for underground 
service, and truck-mounted or motorised forms for surface work. With improved bits 
rotative qieeds have been increased from 300 or 400 to 1 000 or even 1 200 rpm, increasing 
drilling rate by 50% or more. High speed requires changes in design: working parts are 
enclosed and run in oil; chucks have countersunk bolts; ball-bearings used throughout. 



D 


6 



E 



H 

Fig 44. Diamond-drill Bits 


F 


1 


and prctdaion made for pressure greasing. The No 22 Sullivan drill has a oapac of 
1 150 ft with EX fittings (Table 32), or loss depth with larger fittings; driven by compressed 
air, steam, elec, or gasolene engine, these drives being interchangeable. Wt of air- or 
steam-driven drill, without pump, is 1 390 lb. Fig 45 shows a Ixingycar UG straight-line 
gasolene drill, capac 1 500 ft of £ hole; wt complete, 1 959 lb; gasolene motor, 20 hp, con¬ 
sumes 8-12 gal per shift; can be moved by fastening the steel cable to a tree and winding 
it in. Sullivan No 40 drill has a 42-hp Buda engine; capac, 1 500 ft of 3-in core, or 2 200 ft 
of 2-in core (greater depth for smaller core); hydraulic feed swivel-head has piston travel 
of IS in. This drill can be equipped with a 12 or 22-ft Kelly bar for oil-well drilling 
(Sec 44); mounted on an I-beam frame, which is slid out over the hole while drilling, but 
is retracted 18 in by a rope and cathead when hoisting or lowering reds; wt complete^ 
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8 316 lb. About 70% of diamond drills are driven by gasolene engines; 2(^ by eleo 
motors; 10% by steam, or, for underground drills, by eleo or compressed air. Steam 
power is familiar to most drillers, easy to handle, and by throttling permits close control 



over operations; its disadvantages are higher initial cost and boiler upkeep (state boiler 
codes must be met), difficulty of moving equipment. Department of Forestry, Canada, 

insists on use of gasolene 
drills, because of danger of 
fire from steam rigs (46). 
For gasolene rigs, cost of 
fuel and transport are low 
and drilling can be started 
promptly. 

Feed mechanisms. On 

hand drills and many 
small power rigs a positive 
differential screw-feed is 
used (Fig 46); hydraulic 
feed for large drills (Fig 
47). ScuBW-FEBD. In the 
swivel-head (Fig <16), the 
feed-screw spindle A is 
threaded left-hanced; ro¬ 
tated by Bpline-quiU B, 
having 3 looked-in splines; 
spindle rotates with B, 
but is free to move up or 
down, and is driven by 
bevel gear C, being keyed 
to B and meslting with 
the drive gear. A 11 rotating 
parts have ball-bearings. 
On the lower end of B is 
gear D, which drives coun¬ 
tershaft E by meshing with gear F, keyed and locked onto the countershaft. At top of 
countershaft are 3 feed gears G, meshing with corresponding gemrs H, keyed to feed nut J, 
which is threaded to take the feed-screw spindle. The feed gears have different ratios; 


Table 34. Prices and Weights of Complete Diamond Drill 
Outfits (Sullivan Machinery Co) 


Capse, ft 

Diam, in 

Power 

Approx 

Approx 

Hole 

Core 

price 

wt, lb 

350-400 

1 15/32 

7/8 

Hand 

$ 1 689 

1 325 

500 

I 15/32 

7/8 

Gasolene 

2017 

3 000 

500 

1 15/32 

7/8 

Air 

1 833 

2 865 

750 

1 15/32 

7/8 

Gasolene 

2 566 

5 175 

750 

116/32 

7/8 

Electri''. 

3 195 

5 485 

750 

1 15/32 

7/8 

Air 

3 651 

6 250 

t 250 

17/8 

13/16 

Gasolene 

3 777 

7 780 

900 

17/8 

13/16 

Air 

3 887 

7 107 

1 250 

17/8 

1 3/46 

Electric 

4 557 

7 555 

2 200 

17/8 

1 3/16 

Steam 

4 762 

8 730 

1 400 

2 23/64 

mi/64 

Steam 

4 948 

9 940 

1 350 

263/64 

2 9/64 

Steam 

6 098 

16 104 

1 500 

283/64 

29/64 

Gas portable 

8 596 

20 390 

1 500 

263/64 

2 9/64 

Diesel portable 

11 496 

24 090 

4 000 

2 63/64 

2 9/64 

Gasolene 

15 000 

36 474 

4 200 

2 68/64 

29/64 

Diesel 

17 000 

38 688 

5 500 

293/64 

7 9/64 

Steam 

20 000 

40 574 

800 

2 63/64 

’0/64 

2 9/64 

Gas motorized 

7 150 

9 800 

t 200 

2 63/94 

Gas motorized 

9 500 

13 000 

1 800 

31/2 

2»/16 

Gas motorized 

II 050 

15 000 

2 300 

31/2 

29/16 

Gas motorized 

16 500 

21 000 

2 300 

31/2 

2 9/16 

Diesel motorized 

17 750 

21 750 

1 800 

7 3/8 

Gas motorized 

50 000 

37 500 
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( ilHfa n /, on abaft K, which operatea within coiinterahaft E, ia moved into engagement 
with any Mie of the 8 gears by handwheel L. When the feed shifter L is in its lowest 
notoh it gives the fasteat feed; second notch is neutral position; third, interm^iate feed; 
fourth, another neutral; fifth is the slow feed. The rate of feed is varied at will by slow¬ 
ing down, and operating the shifter handwheel. Gears give speeds of 200, 400 and 600 rev 
of the spindle per in of feed; other gears of 50-1300 rev are obtainable. 



Htdrauuc tebd is used almost universally on large drills. In Fig 47, A is the hydrate 
cylinder, B the piston, C a hollow piston rod, D pressuse-water inlet, E discharge-water outlet, 
1 and 2 inlet valves, 3 and 4 outlet valves. By opening diagonally opposite’valves the piston rod is 
raised or lowered. This motion is transmitted through roller friction head to collar I , which is 
rigidly fastened to hollow drive rod .7 is rotated by bevel gear K, driven fi oni the bevel pinion 
T on wankshaft. The drill rods P, passing through J, are gripped by chuck h, being thus rotated 
and fed forward. A pressure-gage measures the thrust on the rods. Hydraulic feeds are made also 
with 2 cylinders, the piston rods being yoked together and the drive rod carried in the yoke. Usual 
advance per run with single-cylinder feed is 1 ft: with double-cylinder feed, 2 ft. Both screw and 
hydraulic feeds are mounted on a swivel head, which admits boring in any angular direction. 

Differential ve hydraulic feed. Considerable difference of opinion exists as to their relative 
merits. For any given setup, screw feed gives a constant advance and records the varying prMsure 
on the bit, thus apprising the runner of slight differences in hardnew of rock, and of prwence of thin 
and small crevices. This information is often invaluable when the core is much broken and 
Its record consequently incomplete. But, in strata of frequently var.ving hardness, it is neoeiwary 
to run through soft strata at reduced speed, so that the bit may not be damaged on meeting a hard 
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strfttum. With hydraitfe feed the iveeanre ie ooneteni, ud rate of advance variee tn<M-e or leee 
automatioally as hardawe of the rook variee. TbuBi danse^ to the l»t in passing from soft to hard 
rook is leeeened. The ruaner of the hydrauiio-feed ^iU eaa instantly take advantage of changes in 
the formation, varying the rate of advance, within the limits imposed by the rock, merely by 
turning a valve. Three different speeds are the limit with screw feed, unless gears ue changed. 

Boiltiiig drum. For small drills the drum is driven by gearing from the crankshaft; 
in some machines, 2 or more drum speeds are available by use of shifting gears, which form 
integral parts of engine. For large drills, drum is direct^riven for light loads, but in deep 
holes, when wt of drill rods may be several tons, a compound gear reduction is provided, 
the gears being thrown in by a lever when hoisting, and thrown out during drilling. Small 
belt^riven drills rarely have a hoisting drum, the rods being raised by a rope coiled 
sunund a niggerhead. 

Table 3S. Wire Hoisting Ropes, 6X37 Left-Ley Plow Steel (Sullivan Machinery Co) 


Drill capacity 

Diam of 
rope, in 

Mini¬ 

mum 

length, 

ft 

Min 
sheave 
diam, in 

Drill capacity 

Diam of 
rope, in 

Mini¬ 

mum 

length, 

ft 

Min 
sheave 
diam, in 

Depth, 

ft 

Diam 
hole, in 

Depth, 

ft 

Diam 
hole, in 

400 

l»/3S 

3/8 


10 

4 000 

2 63/04 

wEm 

325 

28 

750 

IU/3S 

3/8 


12 

5 500 

2 63/04 

BH 

325 

30 

1 250 

17/8 

3/8 


12 

1 600 

3Va 

Bn 

430 

22 

2 200 

17/8 

V2 

Bn 

16 

2 300 

31/8 


1 400 

14 


2 23/M 

Va 


20 







Pumpe for small belt-driven rigs are single-cyl, usually 3 by 5 or 4 by 6 in; for larger 
drilla, except those driven by steam or air, a 3 by 4-in duplex. For a steam rig, a duplex, 
boiler-feed pump is common; for the hydraulic type of swh'el head, a duplex pump is 
essential, to provide a constant flow under steady press. 

Derricks. A tripod derrick serves for holes to say 600 ft; legs are 4 by 6 in by 22 ft, 
to give a 20-ft clearance. For holes to 1 000 ft, legs should be 6 by 6 in; height 30 ft. 
For very deep holes, a steel derrick is preferred (Table 36). A rod length of 40 ft is about 
the max that can be stood up in derrick without excessive bending; if longer, they should 
be suspended from crabs on a track in the derrick. 

Core splitter. Cores are kept in 
long boxes, marked fur future refer¬ 
ence. After geological examination, 
part of a core may be pulverised for 
chemical analysis. Cores are split by 
chisel and mallet, or by a mechanical 
splitter; one half being taken as the 
sample, the other retained for record. 
A piece of core is placed in splitter 
and the blade screwed down tightly; 
light taps of a hammer notch core on 
both aides, then n sharp blow splits 
it. For cores over 4-in diam, a split¬ 
ter on the principle of the hydraulic 
jack is obtainable. 


Table 36. Structural Steel Derricks 


Height, 

ft 

Base, 

ft 

Top, 

ft 

Capac, 

lb 

Wt, lb 

Cost 

45 

16 

4 

35 000 

4 000 

$ 525 

66 

20 

41/3 

168 000 

10 000 

790 

73 

20 

• ft 

168 000 

10 700 

850 

60 

20 

5.5 

168 000 

12 930 

920 

87 

20 

• t 

168 000 

14 200 

1 050 

94 

24 

41 

168 000 

16 100 

1 130 

122 

24 

• 1 

367 000 

26 300 

1 700 

136 

26 

• 1 

367 000 

118 000 

2 150 


18. DIAMOND DRILLING OPERATIONS 

Setting up. An area 20-25 ft sq is graded, and drill and pump set on a plank floor. 
For deep holes or light machines, derrick legs rest on the floor, to counteract upward 
pressure when drilling. For shelter: in summer, a canvas fly; in winter, a shanty of wood 
or galvanized iron, whieh may be sectionalized for moving. To erect a steam rig, with 
3-leg derrick and wunden sbanty, easy grading, takes say 100 man-hr; to dismantle, say 
25 man-hr. UNDEnaROUNO setups of a small drill can be made in mine drifts, which 
should be widened to about 7 ft at the drilling place. Rods 1 ft long can be used, but 
3-10-ft lengths save time. 

DrUHag under water. Drill is mounted on a scow, anchored to bottom, or supported on spuds. 
Itenmnt is too rapid to permit stable setting, a platform is built on piles, or a heavy standpipe is 
jdliven from the scow, securely guyed, and the drill set on e platform clamped to top of pipe, 

. FortaUe drilla are aet up by blocking the front wheels, seouring front of drill with guys, and center. 
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ing derrick over the drive ro<L Two men can make auoh a eetiu* in 2 to 4 hr, and dbnxantle in 
aboat half Uiat time. 

Sinking atandjdpd is generally done by wash boring (Art 1). On readiing rock the 
standpipe is chopped or bored in a few inches, to make a tight joint, prevent influx of 
surface material, and insure return of drilling water to the surface. Sinking standpipe is 
an uncertain operation. In soft and medium clays and fine gravels, 10-12 ft per hr is 
net imuBual. In bouldery gravel or hardpan, aver speed mi^ be less than 1 in per hr. 
In rock, speed of sinking standpipe may not exceed drilling rate; in bouldery ground, con¬ 
siderably less. 

Drilling. Following is the normal sequence of operations: Slide or swing feed BMehgn- 
ism away from hole. Set safety clamp in position over standpipe. Connect up bit, core 
shell (with core lifter), core barrel, and 1 length of rod, and lower throu^ the safety clamp 
until only a few inches project; then grip by the clamps. Screw hoisting swivel into upper 
end of a section of rods, swing rods into place with the hoist and screw them into the rod 
joint projecting from the hole. Loosen the clamp and lower the string on the hoist brake 
until only a few inches project from hole. Tighten the safety clamp, and unscrew the 
hoisting swivel. Repeat these perations until within a rod length of bottom. Bring feed 
mechanism back into place. Attach water swivel and lifting bail to the last length; lower 
it through the drive rod, and screw it into place. Run the feed to highest position, and 
tighten the chuck. Loosen safety clamp. Connect water swivel to pump and start the 
pump. Start drill and run downward until pressure shows that bit is against rock. While 
drilling, adjust feed as necessary. When measurement of rod indicates that core barrel 
is full, or laboring of pump and engine suggest that it is blocked by broken pieces of core, 
stop the drill. Keep pump running until water issuing from hole shows that sludge has 
been well removed. Hoist rods by reversing the operations of lowering. Extract core, and 
place it in core boxes. Change bit often enough to prevent diam of hole from falling below 
gage, and to guard against loss of diamonds from wear of the metal surroimding them. 

Casing or cement grout is used to support 
the walla of a drill hole when they cave so 
as to prevent progress or vitiate samples. 

Casino is flush-joint tubing large enough to 
allow the bit to pass. Table 37 gives usual 
sizes. If hole is continued of same diam below 
the caving ground, it is reamed before casing 
is put in. As diamond drill holes are never 
straight, casing is a difficult operation. Cas¬ 
ing is usually twisted and driven down. 

Sometimes a "casing bit,” set with a few 
diamong chips, is placed on lower end of the 
tubing, which is then operated as in regular drilling. Cement oboxtt is more and more 
used instead of casing. In badly caving ground the drill is driven as far as is safe, and 
the core and sludge saved. Then the grout is pumped down the rods or lowered in a bailer. 
After it has set, the resulting “plug” is drilled through, and a deeper section of hole is 
sampled and grouted. Quick setting cements are used. Adding 25% of luminito cement 
to ordinary cement shortens setting time to about 2 hr. 

Cementing is usually cheaper than oaring, and allows the hole to be started at a given 
diam without considering possible future support. In shattered ground rods may hai'e 
to be pulled frequently, due to blocking of core barrel. In soft ground, also, if core is 
desired, frequent withdrawal is necessary or a double core barrel used. In Assured ground, 
part or all of the water will be lost. If there is standing water in fissured strata, the sludge 
will deposit in crevices close to the drill, and re-enter the hole when water current stops. 
Hence, water must be pumped through the rods during hoisting, and the rods flushed 
down in lowering. Bran, sawdust, manure, or cement, are pumped down the hole in an 
attempt to stop the crevices. 

Acddenta and fiahing. Commonest accident is loss or breakage of a niAHOifP. 
Usual mode of recovery is to send down an old bit, the end of which is filled with wax. 
The diamond imbeds itself in this and is brought to surface. When the hole can not be 
cleaned to bottom, for using the waxed bit, a lost diamond may sometimes be recovered 
by the bailor. The following device has been used. A screen was placed in top of core 
barrel and a screen olack valve set in an old bit, which was screwed to bottom of barrel. 
The rods were lowered through a stuffing box and water current reversed. Sludge con¬ 
taining the lost diamond was washed into the oore barrel and held between the two 
screens. In Fig 48, A is a caring tap for screwing on caring or rods; B and £, m^e imd 
female taper taps for recovering rods: C and D, for rod oouplings; ¥, G, combinatiem 
spear to recover rods or oouplings. 
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Puttaf of rods in n bole, ntay be.due to fracture, etrippinB of tbreada, or unscrewing. If they 
become unscrewed, it is usually a simple matter to screw them together again. When threadr 
strip or rods breah, a rsoovery tap (threaded inside or outside according to nature of the break) 
is lowered on a line of rods and manipulated until it engages the broken part. Casing breaks are 
similarly treated Jahhiho or bods may be due to caving, to a mud rush, to working with worn 
bit, or to too little clearance between rods and casing. A caving hole usually gives some warning, 
but casing or grouting is often neglected in the haste for progress. Jamming from a sudden cave 
can sometimes be averted by reversing and running back the feed without stopping the engine, 
meantime pumping more water. A mud rush will not often occur while pump is running. If the 
pump is started before lowering the rods to the bottom, and kept running while hoisting until the 
rods are above danger aone. jamming will not occur. Pullitkg jammed rods, when powerful jacks 
are necessary, elongates the rods, with consequent weakening, and the threads may be stripped. 

> Logg of bit, due to breakage below core barrel, is a baffing and serious accident. If 
possible, the bit is picked up by a recovery tap. Difficulty in using a tap is that the bit 
may lie on its side; furthermore, it offers litUe resistance to turning, and may tunx with 



Fig 48. Diamond-drill Fishing Tools (Sullivan Machy Co) 


the tap. Bits have been recovered by reaming the hole to a size allowing use of a bit 
large enough to 'make a core containing the lost bit. If the bit cannot be recovered, the 
hole is diverted at some distance above it and continued (Art 12). Loss of time due to 
accidents is often a serious factor in drilling. 

Operating crew of a diamond drill consists of a runner and one or more helpers. The 
runner should be a good mechanic and repair man, besides being experienced in drilling. 
By observing behavior of engine, pump, and rods, a good runner can learn much about 
character of the ground being drilled. This knowledge is valuable as added to the tes¬ 
timony of core and sludge, and furnishing a warning of possible trouble in the hole. 
Many operators will not entrust the running of an hydraulic-feed machine to a runner 
who has not had 2 or 3 years’ experience as helper on a similar drill, nor give a man 
work on a deep hole unless he has had experience with shallow ones. In general, less 
experience is required of nmners for screw-feed machines. The helper is fireman and 
assists the runner in handling rods. A skilled bit setter is usually required, wlo may 
act as foreman for as many drills as he can set bits for. 

A group of drills will require a general foreman. Team and driver are needed for part or all the 
time, to haul fuel, attend to water supply, and help in moving. Wages for a runner are usually 
slightly higher than miners' wages in a given district. Hdlper ia paid usual helper's wages of the 
dietriet. Git setter is paid the same or a little more than the runner, minimum wages being $200 to 
$250 per month. Diamond drill manufacturers have lints of experienced runners and bit eetten 
available for work. T/uwe men are paid traveling and living expenses besides regular wages. 

Quantity of water per day depends upon; size of drill; boiler consumption; diam and 
depth of hole; sp gr of sludge; whether rock is hard or soft; whether hole leaks or is tight; 
and water is saved and reused. Loss of water varies greatiy in shattered formations. If 
so water channels are cut in bit and core barrel, the max size of particle that can pass 
upward has a diam equal to clearance of the outside diamonds; with water channels, sise 
of particle is determined by clearance between rods and walls of hole. A rising current 
of 12-18 in per sec is usually sufficient, except for very heavy material, as magnetite or 
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gtleaa. Quantity of water to produce desired veloo. 
Varies with diam of hole and rods (Table 38). With 
this rising current, the veloc in the small space around 
the core is much higher, sometimes causing so great a 
loss of core in soft rocks that veloo must be reduced. In 
general, much water means rapid drilling and low core 
recovery; little water increases core recovery at expense 
of progress, and too little may result in a burned bit. If 
the hole is tight and nearly all the water pumped down 
returns to surface, the overflow from sludge box can be 
reused; loss of water is then about 25%; reused water 
must be freed from oil. Measurements at 3 drill holes, 
where all return water was saved, show that 76-80 gal per 
hr were used; boles, 1.5 in, cores 7/g in. Drilling a 3-in 
hole and recovering 2-in core in broken formation when 
prospecting for coal, required 305 gal of water per hr; 
in fairly deep drilling, 105-’23 gal per hr may be 
used. 


Table 38. Vol of Water Re¬ 
quired to Produce a Veloc of 
1.5 ft per see 

(E, J. Longyear Co) 


Sise 

rod 

Size hole 
or ceainB 

Oal 
per hr 

£ 

EX bole 

120 

E 

AX •• 

390 

A 

AX " 

192 

A 

BX •* 

660 

A 

NX 

1 600 

B 

BX *■ 

432 

B 

NX •• 

1 182 

N 

NX " 

732 

E 

EX casing 

204 

A 

AX " 

300 

B 

BX “ 

540 

N 

NX “ 

822 


19. TIME DISTRIBUTIOIT IN DIAMOND DRILLING 

Time effic, the percentage of total working time spent in 
actual drilling, rarely exceeds 60%, and depends on depth 
and character of overburden, time for hoisting and lowering 
rods, and delays (Table 39). Time for handling rods de¬ 
pends on depth of hole, and length of rod sections between 
breaks. Number of lifts depends on nature of ground, 
kind of bit, and kind and len^h of core barrel. Uniform 
rock sometimes cores the full length of barrel; in broken 
ground, cores break up and tend to jam in the barrel or be 
lost. Double core barrels (Art 17) tend to overcome this 
difliculty. A solid bit needs to be raised only to change it. 
Table 40 shows distribution of delays in 1 200 shifts at 
United Verde mine (50). Due to 8-hr law, 1 hr aver was 
taken for traveling to working place and return; adding 
0.5 hr for lunch left 6.5 hr. Actual drilling time, 68.88% of 
total time. 


In drilling 10 XP2 ft (17 angle holes) in about 12 months (Lupa gold field)', most of tiie 
work was in sheared rooks (Table 41). Cores were EX (7/s in). Time for lowering and 
raising rods, removing cores and incidental work is included with EX drilling time. 
Progress was considerably delayed by frequeny pulling of the rods, due to core-blocked 
bits and barrels (51). 


Table 40. Delays in Diamond 


Drilling (50) 

Cause of delay 

Percent 
of total 
working 
time 

Moving... 

17.02 

Cementing. 

3.55 

Reaming. 

0.56 

ground. 

0.73 

Fiaking, rode or bite. 

0.94 


1 54 

Bite. 

1.25 

Air and water. 

Suppliee. 

1.73 

0.89 

Surveying holee. 

0.36 

- bfine department. 

1.46 

Drill and equipment. 

1.09 

Total. 

31.12 


Table 41. Time Distribution in Diamond 
Drilling (51) 


Operation 

Hours 

Percent 

Churn drilling near aurface... 

MO.O 

2.5 

Drilling, AX casing bits. 

150 5 

3.2 

Drilling, EX bits. 

3 444.7 

74.2 

Drilling, AX bits. 

14.0 

0.3 

Total actual drilling. 

3719 2 


Moving and setting up. 

279.5 

mam 

Repairing machinery. 

114.5 


Delay, lack of Nvater. 

27.5 

KM 

Cementing. 

225.0 

4.8 

Inclination tests. 

137.5 

2.9 

Fishing for lost bits. 

9.0 

0.2 

Reaming undersised hole.... 

9.0 


Changing water pump. 

12.0 

0.3 

Fishing for lost core. 

17.0 

0.4 

Installed lighting plant. 

4.0 

0.1 

Reaming EX caaing. 

67.0 

1.4 

Threading pipe. 

4.5 

O.t 

Laying water line. 

4.0 

KM 

General. 

14 5 

■BBi 

Total. 

4 644 2 

ii^l 


Table 39. Approx Time 
for Hoisting and Lowering 
Rods (E. J. Longyear Co.) 


Depth of 
hole, ft 

Time for pulling 
rods, removing 
core and lowering 

500 

40 min 

1 000 

90 

1 500 

2 hr 

2 000 

2.5 " 

2 500 

3.25 " 

3 000 

4 

4 000 

5-6 

5 000 

6-7 

6 000 

9-10 
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In 3 deep holes in So Africa, ratio of actual drilling days to total elapsed tune ivas: 
7 408-ft hole. 60%; 7 HO-ft, 43.6%; 10 718.ft. 70.7%. Cores: 1 t/s, 2 i/a and l>/s i& 
respectively. 

Table 41 . Underground Diamond Drilling, El Potosf Mine (H. A. Walker) 


Percent of total time 


Type of drill 

Drilling 
time, tnin 
per ft 

Actual 

drilling 

Placing 

rods 

Handling 

core 

Coming, 
going 
and lunch 

Delays 

Small cleetrio. 

hPI 

42.4 

WBm 

IS.8 

18.4 

10 

Small air;. 


36.0 

8.0 

27.2 

18.8 

10 

All small drills. 


40.8 

9.5 

20.9 

18.8 

10 

Largs 11 eleo. 

7.8 

46.4 

8.1 

16.7 

18.8 

10 

Large 4 UGE elec. 

mSM 

50.1 

8.0 

13.1 

18.8 

10 

Large air. 

mSm 

49.3 

8.0 

13.9 

18.8 

10 

All large drills. 

mSM 

48.6 

8.0 

14 6 

18.8 

10 


Table 42 shows results at El PotosI mine, Mex, from Oct 18, 1934, to Mch 16, 1935, 
with 4 small machines, capac 250 ft, and 3 larger drills of 700 ft capae. The expected 
performance, ft per shift, is higher than any post averages; but in drilling limestone, under 
proper power supply conditions, those figures are attainable. Number of ft drilled each 
time the rods were lowered is assumed as 8 for the small machines and 14 for the large. 
Using 5- and 10-ft rods should give 62% theoretical core recovery for the small drills and 
71% for the large. 

20. DIAMONDS, BIT-SETTING, AND LOSS OF CARBONS 

Diamonds are of 3 classes: white or slightly tinted crystalline brilliant; less pure crys¬ 
talline form, known in trade as “bort” or "borte”; and the opaque, somewhat porous 
"carbonado” or black diamond, composed of very small diamond crystals in amorphous 
carbon or graphite, known as “carbon.” The white diamond, and similar but imperfect 
bort, have cleavages along which they can be split, and when cut they refract light bril¬ 
liant. Carbon is black, grayish black, or tinged green or brownish. A fresh fracture 
resembles broken steel. C. E. WooddoU gives a modified Mohs’ scale of hardness 
(Table 43). 


Table 43. Modified Mohs* Seale for Different Substances (47) 


South American brown 


South American carbon.. 

9.82 

Fused alumina (3.14% 



10 00 

Boron carbide. 

9.32 

TiOj). 

9.06 

South American ballas. 

mm 

Silioon carbide, black.... 

9.15 

African crystallised co> 

Belgian Congo, yellow.. 

mm 

Silicon carbide, green.... 

9.13 

rundum. 

9.00 

Belgian Congo, white.. 
Belgian Congo, gray opal 


Tungsten oarbide (13% 

C). 

9.09 

Quarts. 

8.94 


Table 44. Prices per Carat of Carbon 
and Bort (Diamond Drill Carbon Co) 


Year 

Best 

quality 

carbons, 

2 carats 
and over 

Best 
quality 
small bort, 
of 0.05-0.20 
carat 

Fair 

quality 

bort 

1932 

8130-120 

$6.50-7.50 

From $3 

1933 

115- 70 

5.50-7.50 

to $7 per 

1934 

115- 90 

7.50-8.50 

carat. 

1935 

110 

7.50 -8.30 

depending 

1936 

70- 65 

7.50 

on 

1937 

70- 65 

7.50 

quality 


The scale shows carbons to be below dia¬ 
monds in hardness, but hardness should not 
be confused with toughness. White diamond 
or bort is commonly a single crystal, except 
“ballas,” in which crystallization starts from 
a central point, making the stone practically 
impossible to out; fit for drill bits, but very 
scarce. Bort splits readily along 3 planes, 
and is more brittle than carbon. Carbon has 
no cleavage, hence is less liable to break in 
hard rock. Selection of good stones requires 
experience, lacking which, an engineer should 
buy through a reliable dealer or diamond-drill 
manufacturer. 


Bit-setting is a delicate and important operation. Diamonds must have such ciear- 
ance that the metsd of the bit will not come in contact with the rock, and must ‘‘oov«r” 
one another, so that no part of the area to be out will fail to be touched by a diamond at 
each rev of bit. It was formerly common practice to use a few carbons of large sise. 
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For aofter rocks, a sQxiare Moulder bit (see Fig 44(7) might contain: 8 stones, totaling 
13-16 carats, and 4 l^carat stones; in the iron regions, 6 or 7 stones aggregating 14 carats, 
to 10 stones totaling 18-30 carats. Later, the round shoulder bit was developed 
(Fig 44il, B), with more and smaller stones, equalizing wear and increasing drilling 
speed (48). As large carbons are now more costly, the use of smaller sizes, 5-20 per carat, 
and also of scrap carbon, is increasing. In one type of bit, the number of stones recom¬ 
mended is: EX bit, 50; AX, 60; BX, 80; NX bit, 100. Stones, when set, should project 
about in beyond the metal of the bit. Soft rocks require larger clearance for good 
core recovery and to prevent "plugging” or sticking. Cavities cut in the bit are shaped 
for the individual stones, which are seated with a backing of Babbitt metal or copper, 
carefully tamped around the stone with hammer and punch. Stones are so set that their 
cutting surfaces slope away from the direction of rotation. Setting a large number of 
stones involves so much labor that various mochanically-mado bits have been developed. 
In the "Castset” bit (Fig 44//) the stones are placed in a mould and molten bit-metal 
is poured around them. In the Kobelite bit (Fig 44/>) the stones are set in a metal pow¬ 
der, pressed or sintered into disks or strips, brazed onto the bit (49); 200 or more stones 
may be set in this recommended bit. In the “iS. A. Produits Boart,” 30-40 carats of bort 
are crushed to a powder and milled with a metal powder, as iron, formed into a ring and 
sintered, the ring being soldered to face of bit. The abrasive ring is about ®/8 in thick, 
and the bit can be used until most of the ring is worn away. 

Tests have shown: that drilling effic increases with rotative speed, but diamond wear 
reaches a max at about 1 (KM) rpin; that costs for bits change little between 450 and 1 500 
rpm, but arc considerably higher above and below these limits; that bits with 40 stones 
give minimum cost at about 740 rpm, and tho.se with 70 stones at 1 000 rpm; that a bit 
with 100 stones cuts 50% faster, and has 57% greater durability than a 40-stone bit. 
Thus, most efbc drilling is with bits set with many small stones and run at high speed (49). 

Diamond wear depends on hardness of rock, cleavage of minerals composing the rock, 
shape and quality of diamonds, mode of setting and size of bit, and skill and care of 
runner. Hard, broken and faulted rock is difficult to drill and diamond loss is high. 
Runner’s lack of skill and care increases breakage and loss of diamonds, rather than wear. 
In starting a new bit, it should begin rotation a few feet above bottom of hole, and then 
be fed slowly down to contact with the rock, io seat itself properly, without causing side 
pressure on outer diamonds. Inferior carbons and bort will serve for soft rock and coat 
less; but if used in hard rock, rotative speed must be slow to avoid undue breakage (53). 
Drilling in ground varying from soft schist to massive sulphide, with EX and AX bits, 
containing 120-150 bort stones of about 20 per carat, loss was .02-.10 carat per ft of bole. 
In South Africa goldhelds, in shear zones of fractured rock containing bodies of quartz and 
intrusive dikes, the size of bort varied from 6 to 15 stones per carat for face of bit; total 
number, 45-60 per bit; aver loss .048 carat per 
ft, in drilling 10 000 ft of hole. Table 45 shows 
loss of diamonds in different rocks, with bits hav¬ 
ing 10 carbons totalling 15-20 carats, to 60 stones 
totalling 12 carats. Bort bits usually had 25 
stones of 0.25-0.5 carat each, for outer or gage 
stones, and about 75 stones, of 0.066 to 0.1 
carat^for face ("track”) stones (50). 

At Bunker Hill and Sullivan mine, Idaho, 
a light Mitchell drill for 1 3/g.in hole and 
l/s-in core is used both on surface and under¬ 
ground (52). Aver depth of 35 holes, 195 ft. 

Ground is tilted quartzite beds, but drills 
fairly well unless sheared and faulted. Bits 
contein about 40 stones, totalling 6.4-8.75 car¬ 
ats (Table 46). 


Table 46. Carbon Consumption, Bunker Hill and Sullivan Mine (52) 


No of 
bits 

Aver ft 
per bit 

Carats per bit 

Total 

carats 

Loss, carats 

Percent 

loss 

Carbon 
cost per ft 

Range 

Aver 

Total 

Per ft 

10 

14.6 

6 -6,4 


62.33 

18.6107 

0.1275 


10.9562 

9 

15.0 

6.61-6.8 


59.99 

20.9207 

0.155 


1.1625 

22 

19.45 

6.81-7.0 

6.904 

151.89 

34.6724 

0.08101 


0.6076 

II 

21.27 

7.21-7.4 

7.289 

80.18 

13.9540 



0.4472 

14 

21.43 

7.41-7.6 

7.480 

104.74 

19.4623 


18.58 

0.4865 

16 

20.69 

7.81-8 

7.872 

125.95 

21.102 

0.06375 

16.75 

0.4781 


Table 45. wear on Bits in Various 
Rocks (50) 


Kind of rock 

Loss per 
ft, carats 

Black schist. 

0.002607 

Massive sulphide. 

.004320 

Hard massive sulphide. 

.010244 

Quartz porphyry. 

.004009 

Hard quartz porphyry. 

.009928 

BedUed sediments. 

.001167 

Oiorite. 

003505 

Hard diorite. 

.014781 ‘ 

Greenstone. 

.002497 1 

Hard greenstone. 

.005757 ! 

Quartz . 

.032585 
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21. RECOVERY OF CORE 

Core recovery znoy reach 100% in hard utuform rocka. It is lowest ia loose, soft, 
cleavable and broken rooks, where, unless the drill is run almost dry, and rods are raised 
every few inches, recovery may not be more than 10%. Vibration of rods causes low 
recovery. For good recovery in hard rook the drill should be run with low speed and 
heavy press; in soft rock, the reverse. Recovery is invariably less in upper than in lower 
portion of holes, due to decomposed rock near surface. 


Table 47. Core Recoveries (E. J. Longyear Co) Table 48. Core Recovery at 

United Verde Mine (50) 


Size of hole is determined by 
the depth to be bored, and purpose 
of hole. To obtain a core in soft, 
friable minerals, as coal and salt, 
the inside diam of bit should not 
be less than 2 in. For hard rock 
or ore, a ^^/la-in to 1 l/s-in core 
is large enough. If the stratum 
or orebody to be sampled lies deeply, the hole must be begun larger than this for larger 
and stronger rods, and to give room for casinK without excessive reaming, should casing 
be necessary. -4t United Verde mine, Ariz (Table 48), holes were 2.5-2 200 ft deep: 79% 
from 5“ below horiz to 12® above; 84%, from E to AX size; 14%, AX to N; and 2%, N 
size or larger (50). In the Lupa goldfield. So .Africa, (Table 41), core recovery for 9 762 ft 
of EX hole, including 50 ft of surface weathered rock, was 92.5%; excluding weathered 
rock, 95%. In deep holes on the Witwatorsrand (7 400-10 718 ft), core recoveries were 
92 and 67.3% for 1 i/g-in core, 96.4% for 2 i/s-in core. 


Kind of rock 

Percent 

recovery 

Black schist. 

85.5 

Quartz porphyry. 

88.8 

Hard quartz porphyry.... 

94.0 

Diorite. 

87.8 

Greenstone. 

79.2 

Hard greenetone. 

87.1 

Massive sulphide. 

93.6 

Hard massive sulphide.... 

95.3 

Quartz. 

88 3 


Location 

Kind of rock 

Core 
recov¬ 
ered, % 

Arizona... 

Monzonite. 

33.5 


Quartz porphyry.... 
Breccia and ande- 

48.4 


site. 

54.1 

AlabAfina. .. 

Coal. 

94.8 

Michigan. 

Trap, conglomerate 


and amygdaloid... 

66.4 


Sandstone. 

18.8 

Menominee i 

Slate. 

36.0 

Range > Mich... 

iron formation. 

16.1 

Gogebic Range 1 

• « 41 

28.6 

Meeabi Range) 

14 It 

42.9 

Cuyuna Range ) 

14 tl 

19.9 

WiA4!i>niiin. 

rvrA.nif,A ........... 

83.5 

New York. 

Shniy limeatone. 

69.1 

Kentucky. 

Liiiicstone. 

60.5 


Schiet. 

23.7 

Cuba. 

Pyrjte. 

80.3 


22. SPEED AND COST OF DIAMOND DRILLING 


Speed is afTccted by: kind of rock and surface covering; depth, direction, and situation 
of hole; quantity of water in hole: kind of drill, fittings, and acce.ssory outfit; core require¬ 
ments; labor, climate, and continuity of work; percentage of delays. Rate of advance is 

higher in uniform rock than in 
Table 49. Progress in Diamond DrilUngfrom Surface alternating hard and soft strata; 

(E. J. Longyear Do) in shattered and fissured 


No of holes 

Depth of 
lioles, ft 

Progress 
per shift, ft 

While 

drilling 

Overall 

6 in limestone. 

200-1 000 

28.6 

17.2 

shale. 

1 000 

33.1 

21.1 

iron formation.. 

1 200 

)0.1 

7.2 

gypauin. 

1 000 

22.6 

13 3 

clay. 

300 

23.0 

16.1 

traprock. 

1 200 

12.2 

9.3 

norite. 

1 000 

18.4 

12.6 

serpentine. 

300 

21.4 

14.3 

basalt and granite.,.. 

1 000 

9. 1 

6.2 

porphyry. 

600-2 000 

9 0 

6 2 


rocks. Hard uniform rocks that 
core well drill faster than soft 
rocks which grind up in the core 
barrel. Caving decrcasijs speed. 
With proportionate increase in 
weathered surface covering, there 
is usually a fairly consistent 
decrease in speed and increase 
in delays; bouldery formations 
also decrease speed. Since many 
factors affect drilling rate, a 
complete record of each case is 
needed fully to interpret results; 
there is great difference between 
actual and overall drilling rate. 
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Table 49 includea contracts on which steam drills were used; more modern gasolmie, air 
or elea drills give higher speeds; 40-70 ft jser 8-hr shift underground is not uncommon. 
Gasolene surface drills, with their high rotative speed and freedom from delays, make 
old drilling rates practically obsolete. 


Table 50. Typical Diamond Drill Costs per Ft 


Material 

§ 

Gypsum 

Limestone 

Limestone 

Limestone 

Limestone 

Shale 

Norite 

(nickel) 

Porphyry 

(copper) 

Porphyry | 

1 

1 

iJ 

Core diam, in 

3 

2 

Vs 

Vs 

Vs 

Vs 

1 Vs 

11/8 

Vs 

11/8 

11/8 

Aver depth, ft. 

250 

225 





1 450 




1 090 

Total footnpe. 

54000 

4300 

4800 

300(1 

11000 

95 000 

2 895 



^1 

Ijibor. 

«0 45 

$0.72 

'Em 

$0.64 

$0.40 

$0.30 

$0.62 

$0.90 

$0 97 

$1.64 

$1.30 

Supplies. 

0.22 

0.37 

Kim 

0 15 

0.14 

0.03 

0.24 

0.04 

0.18 

0 38 

0.50 

Power. 

0.08 

0.00 


0.04 

0.03 

0.06 

0 07 

0.22 

0.02 

■llul 

0.10 

Pwtiprhf, I'tc ........ 

0 08 

0 07 

O.IO 

0.36 

0 02 

0.06 

0.21 

0.00 

^■iWria 

0.16 

0.06 

Miscellaneous. 

0.18 

mm 

0.13 

0 06 

0 01 

0.04 

0.10 

0.25 

0.17 

0.12 

0.13 


0 07 

fiti 

O.IS 

0 01 

0.01 

0.00 

0 01 

0 00 

0 05 

0 II 

0.18 

0.60 

Diamonds. 

0 03 


0 16 

0 05 

0.18 

0,17 

0.10 

0 12 

kk] 

1 07 

Total. 




ekh 

$0.79 

$0 66 

$1 55 

$1 53 

$1 79 

$3.48 

$2.89 

Material 

Limestone 

(silver) 

Limestone 

(silver) 

a 

i 2 
.1 8, 

Sbale 

Schist 

^3 

■o 

1 ™ 

1 

ID 

Jg 

1 

in 

O 

Gypsum 

Asbestos 

Core diam, in . 

Vs 

Vs 

Vs 

1 1/8 

Vs 

Vs 


2 

2 

3 

11/8 

Aver <lr.pih. ft. 

700 








625 

1 100 

Total footiip- . .. 

EOOOO 

45 100 

28000 

2 300 

2000 


3 050 

2 950 

4 350 

6 550 

Labor . 

$0 16 

$0 22 

$0 54 

$0 64 



$0.80 

$0.71 

$0.57 

$1.26 

EE] 

Supplies. 

0 04 

0 06 

0.13 

0.16 


■l■rl 

0.08 

0.13 

0.39 

0.48 


Powt‘r. 

0 02 

0 06 

0 08 

0 04 

wn 

0 06 

0 21 


0 05 


■Hi 


0 00 

0 00 

0.00 

0.36 

O.M 

0 02 

0.00 

0.39 

0 13 

0 15 

0.22 

0.03 

Miscellaneous. 

0 06 

0 05 

0 GO 

0 03 

0 08 

0 10 

0 01 

0.04 

0 07 

0.03 

Insurance. 

U.OO 

0 00 

0 03 

0 01 

0 08 

0.06 

0.00 

0.03 

0 03 

0.07 

0 03 

Diamonds. 

0.14 

0 II 

0,26 

0 05 

0 48 

0 19 

0 64 

0 06 

0.33 

0.47 

0 39 

Tot.nl. 

t!S£i 


$1 04 

$1.29 

$1 65 

$1 30 

$1 74 

$1 36 

$1 57 

$2.48 

$1.83 


Between the horiz and vert, the inrlination of the hole has little effect on speed. In 
the same formation, holes pointing upward drill slower than those pointing downward, 
because of the awkwardness of arrangements at mn\ith of hole. Occurrence of much water 
in such a hole adds to inconvenience in drilling, and tends to retard progress. 

Whether the drill is working underground or on surface makes no appreciable differ¬ 
ence in speed, once the drill is set up. Moving i.s usually mine difficult underground, but 
the moves are likely to be shorter and several holes are often drilled from one setup. 
Holes drilled from scows into subaqueous strata always advance more slowly than those 
in .similar formations where the drill can be set up firq^ily. Hate of advance per drilling hr 
increases with size of drill. But, rate ]ier working hr may bo greater with a light than a 
heavy drill, when holes are shallow and moves frequent. 

In rock which cores well, the longer the core barrel used the faster the advance. In 
soft friable rocks, if high core recovery is essential, uite of double core barrel will increase 
speed. Taking cores 2 in and smaller, size of core has no appreciable effect on speed, 
provided drill is not working beyond its rated capacity. Larger holes will drill more 
slowly. Hole.s drilled with a solid bit advance faster than those with an annular bit, 
unless the hole is of large diam. Best quality of carlxins, well set, gives fastest progress. 

Holes drilled by contract usually show higher speeds than those on company account, unless 
great ditficultics are met and contractor can not huance added expense. Bonus system is some¬ 
times successful. The danger in oontrant and bonus systems is that unless a minimum percentage 
of core recovery is sdpulated increased speed may be gained at expense of core recovery. Unfavor¬ 
able climate, void or tropica), retards drilling. Diilling 2i hr per day usually gives a greater speed 
per working hr than one-shift work. In the latter, time is wasted in starting up, and usually also 
at end of shift, due to fact that it is unsafe to leave the drill with the rods in the ground (see also, 
Prospecting, Sec 10). 
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Drilling at Phalpa Dodge United Verde Mine. Most diamond drilling is “ short' 
hole” work, 100-500 ft deep, for dolimiting known ore areas, prospectirtg stope walls, 
determining structure or geological formation, and to aid locating development headings. 
Occasional long holes, 1 000-2 200 ft, are drilled for prospecting outlying ore areas. 
Ground drilled varies from soft chlorite schist and metamorphosed quartz porphyry to 
hard rhyolite-porphyry, diorite and massive pyrite carrying quartz and jasper; highest 
speeds are in massive sulphide ores. A Boyle BBU drill is used for short holes, with E 
bits: Longyear UG drill, in harder ground, for depths of 200-1 000 ft; Sullivan C hydrau¬ 
lic drill, for deeper holes. The ES s/ie-in bit is used where depth requires surveying, 
and 1 y/g-in bit for holes that may require grouting -jr casing. A Wright bore-hole sur¬ 
veying instrument is used for holes over ofK) ft deep, to cheek deviation in bearing and 
inclination. Core boxes with corrugated removable metal trays carry core to the diamond 
drill shop. RepresentJitive sections of core from holes of particular interest are kept as 
a permanent record; otherwise, the entire core is sent to assay oflice; part of the pulp is 
saved for future analysis. 

Max footuge at United Vorde (1930) was 33 376 ft, by Si to 6 drill crews, 1 foreman and 2 bit 

setters. Present work is done by 1 crew, with fore¬ 
man who sets bits and supervises other work. In holes 
averaging 250 ft, footage is 40 ft i)er shift in aver 
schist or porphyiy, and 25 ft in hard sulphide. For 
1 500-ft> holes, with setups permitting 20-ft changes 
of rods, footage is 10 ft i>er shift. Hort is generally 
used 111 all kinds of ground; carbons sometimes for 
outer ("gage”) stones in broken quartz or siliceous 
sulphide. Flort los.s, 0.03-0.1 curat per ft. Cutting 
edges of bits are rounded and set with bort averag¬ 
ing 20 .tones per curut. The E bit (1 7/is in) aver¬ 
ages 120 stones and requires 7 hr foi setting; the ES 
(19 -'i 6 in) bit usually has 100 stones, 6 hr for setting; 
the A (17/^ iiil bit takes 150 stones and 9 hr aver 
for setting, llocovery of stones from used bits, aver 
60%. Costs in T.able 51 are direct only, not includ¬ 
ing Cost of cutting stations or overhead. Wages: 
runner $6.95, helper $5.67 per shift. About 60% of 
foreman’s time was charged to drilling. 

Note. —Total carbon loss for above boles, .031 carat per ft; max in any month, .098 carat. 

Drilling in Lupa Goldfield, Tanganyika, Africa. About 10 000 ft of hole were bored in 1 year. 
As water was unfit for boilers, Longyear UG-A screw-ferd drill with Ford motor was used; rated 
capac, 1 100 ft of EX hole. W'ater pumped, :i 000 gal per hr. Total equipment cost, including 
rods, casing, bits, core barrels and fishing tools, was about $12 500, fob North Bay, Canada. 
Wages: bit setter, $275 per month, and drill nitiner, $200, both plus expenses; native helpers, 
92.50-$4.50 per month, plus food; 2 8-br shifts, 6 days per week, with 1 diiller and 3 helpers. In 
1 year (1934 -35), 17 angle hole.s totaling 10 192 ft were bored by contract, on a 0O6t-plu8-16% basis, 
the company furni.shing equipment. Hocks drilled; wcatliered, 4.4*%: diorite, 55.2%; sheared 
rooks, 30.5%; aplite and diabase dikes, 7.1%; granite, 1.9%, quaitz veins, 0.9*%. For core 
recovery, see Art 20. Holes were 120-1 325 ft deep. Drilling was delayed considerably by core- 
blocked bits and barrels, due to: fractured rock, small angle of intersection of holes with joint or 
bedding planes, fragments of rock falling to bottom of hole, and crooked core barrel. Hits bad 
13-16 Imrt outside, and 10-14 inside, 6-8 stones per carat; face of bit, 22-30 stones, 10-15 per carat. 
Reaming sheUs bad 3 rows of 12 stones each, increasing slightly in clearance in each row, and 
averaging 3 or 4 per carat. EX bits averaged 54.8 ft of hole per bit; AX casing bits, 6.6 ft; AX 
eteel-eet casing bits (hard cutting teeth), 6.3 ft; EX reaming shells, 600 ft per shell. Aver diamond 
loss, 0.048 carat per ft, cost $0.3.35. Holes surveyed by hydrofluoric acid method (Art 24) every 
50 ft; aver deflection in 600-ft holes, 1° per 100 ft. Costs, including wages and living expense of 
drillers, diamond loss, gxsoleiie, oil, native wages and food, general supplies, and office expenses, 
were $1,837 per ft; to which add $1,938 to cover 50% of plant, traveling expense of crew from 
Canada and return, transport of machinery, insurance, housing, machine shop and a 15% local 
operating foe; total cost per ft, $3,775 (51). 

Drilling at Noranda Mines, Canada. E rods are used for holes to 1 000 ft, with space 
for 5-ft pulls to 200 ft, 10-ft up 600 ft, and 20-ft pulls for greater depths. Drill is a Long¬ 
year UG; rods, 5 and xO ft long; reamer, 2.5 in long, outside diam ^/i$ in; double-tube core 
barrels, 5, 7 and 10 ft long; qiani of core, in; core recovery, 97%. As drilling was 
not on contract, more stre-is was laid on core recovery than speed. Four machines drill¬ 
ing in massive sulphide, rhyolite and diabase during 1937, averaged 21 ft per 8-br shift, 
including time for moving and setting up; a ~ r depth of holes, 250 ft; max speed, 60 ft in 
an 8-hr shift. Wages: runners, 73ff per hr; neipers, 56ff. Estimated cost per ft during 
one year: material (mostly parts), ISfi; labor, including setting bits, 80^; bort and carbons. 


Table 61. Cost of Drilling 6 922 Ft of 
Hole in 1937, United Verde Mine 


Labor. 

$0 82 

Carbon. 

0 31 

Supplies. 

0.02 

Compressed air and water... 

0 02 

Miscellaneous. 

0 02 

Total. 

$1.19 

Number of holes. 

58 

Aver depth, ft. 

119 

Max depth, ft. 

507 

Ground classification: 


Hard siliceous sulphide. 

6.3% 

Aver sulphide. 

31.9 

Schist. 

27 5 

Porphyry and diorite 

34 3 
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23^; hveiltead, including compresaed air, 31<i; total, $1.52. Bits set with bort, 12-15 
stones per carat; reamers, with carbons of 0.25-0.5 carat each. For special work a Long* 
year Prospector Drill •was used, with 5-ft rods, 1 i/ie in outside diain; reamers, 1 l/g in long, 
outside diam, lt/a 4 in; bit 7/g ia long, t/g-in inside diam; core barrel, 5 ft; diam of core, 
^/g-in; core recovery, 97%. Drilling speeds for 4 000 ft averaged 25 ft per 8-hr shift; 
max footage, 40 ft. Costs not available. 

Witwatersrand, So Africa. Table 52 gives details of the deepest holes yet bored by 
diamond drill (contract costs from Sullivan Mach'y Co, So Af). In oth6r deep holes, in the 
Far East Rand Areas, the formations comprised about 700 ft of dolcrite, sandstones and 
shales, followed by dolomite, amygdaloidal diabase, quartzites, volcanic breccia and hard 
slates, each sometimes of great thickness but flat dip. Sullivan N sn4 P drills were used, 
with 60-ft derricks; 3 8-hr shifts, 6 days a week. Holes were started vertically with 3-in 
bits; casing, 2 ^/le inside diam; then 2.25-ln to 2 000-3 000 ft and 1 7/$ in to 5 000 ft. 
Speeds varied greatly: in dolerite, max for 24 hr, 149-186 ft; max for 1 month, in dolerite, 
quartzite, shale and breccia, 1 295-1 357 ft; for 1 year, with 4 machines, 4 925 ft, 1.5-in 
holes (54). 

Table 52. Costs of 8 Deep Diamond Drill Holes, Witwatersrand, So Africa 

(J. A. Woodburn) 



Nigel 

Hecf 

Doomkop 
No 46 

[ 

Gerhard- 

minue- 

bron 


Nigel 

Reef 

Ooornkop 
No 46 

Gerhard- 

minne- 

brou 

Type of drill . 

(a) 

(a) 


Setting up equipment. . 

$0.35 

$ 0 50 

$ 0 31 

Geologic section, ft (r): 




Fuel. 

1.25 

1 83 

1.25 

Dolomite .... 

300 


4188 

Tnioaport. 

0 54 

0 SO 

0.31 

Quartsile .. 


5^ 

5 712 

Water supply.... 

0.44 

0 48 

0 42 

DJutsuc . 

900 



l.dilior. 

4.81 

5 31 

4 95 

Witwatersrand series . 

6 206 

2170 

818 

Carbon and bort. 

1 87 

2 21 

1.73 

Total depth, ft. . 

7408 

7 770 

10 718 

Bits, core-barrels, shells 

0 88 

0 83 

0 60 



1 


Oils and supplies.. 

0 33 

0 58 

0 31 

Time analysis, days; 




Uepuirs, general. 

0 48 

l.% 

0 21 

Setting up. 

17 

29 

41 

Renewals. 

0 46 

0 44 

0.17 

Cementing. 

23 

67 

14 

Machine shop. 

0 17 

0 10 

0 17 



ID 

20 

Casing . 

0 60 

1 27 

0 46 



41 


Travelling . 

0 21 

0 17 

0 21 

Breakdowns . 

21 

■ 7 


Supervision. 

0 73 

0.58 

0.73 

Fishing jobs. 

90 

63 


Housing. 

0 31 

0 33 ! 

0 31 

Sundays, holidays.... 

65 

96 

■uEal 

Overhead. 

0.31 

n 17 

0 44 
n 71 

0 31 

A 17 

Total non-drilling... 

245 


199 

AAJ 

Depreciation. 

1.35 

1 21 

1 42 

Elapsed time .... 

480 


*fCi* 

681 

Total cost per ft (e ).. 

$15 31 

$18.95 

$14 04 

Aver ft per day (d). .. 

31 5 

31 

22 



j 


Core recovery, %. 

92 

96 4 

97 3 





Diam of hole, in. 

21/16 

215/16 

21/18 





Diam of core, in. 

M/8 

21/8 

1 3/8 






(a) Sullivan P-2. (6) Sullivan No 50. (c) In descending order from surface, (d) Of actual 

drilling time. («) Converted from Untisli to U S omrency at 1 sb ■■ 25^. 


Bunker Hill and Sullivan mine, Idaho. A light Mitchell drill makes a is/g-in hole, 
7/s-in core; bits of about 40 stones, totaling 6.4-8.75 carats; cost, $7.50 per carat, plus 
$7.90 for setting; shells, $7.50 per carat, plus $4 for sotting; salvage stones bring $7.50 
per carat, scrap stones 80^ per carat. Table 53 shows costs in grotmd of aver hardness 
(A), and in fault zone (B); also for 4 088 ft of one hdle (52). 

Table 63. Coat as Effected by Kind of Rock, Bunker Hill and Sullivan Mine 


Rook 

Footage 

Labor 

Bits 

Shells 

Comp air 

Oil and 
miac 

Totsd 

cost 

Per ft 

A 

227 

$96.00 

$89.28 

$5.39 

$24.33 

$13.44 

$228 44 

$1.0064 

B 

24 

.*7.50 

129 65 

2.77 

8.28 

2.75 

180.95 

7.5395 

Coat per ft i 
for 4 088 ft f 

$0,464 

0 925 

0 095 

0 096 

0.090 


$1.670 



IT S Bureau of Reclamation. Diamond drilling for poesible dam sitee, Texas, with Longyear, 
Sullivan, and Knight and Stone machines. In easy hmeetone, 4 700 ft were bored at aver of 21 ft 
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pn 8 hr; aver d«ptli, 150 It. Time inoludea water teetintf every 10 ft, a&d drivias easiag throuch aa 
maoh ae 50 ft of overbuiden, and moving from hole to hole. For holee 40-100 ft deep, in fractured 
gneiaB, core recovery wee 65-100%, coat over 83 per ft. Nine holes, in limestone, aver 100-150 ft 

deep cost about II per ft; others, up 
to 81.87 per ft. At Marshall Ford 
dam, a Sullivan air drill bored 27 000 
ft, at a cost (to contractor) of 80.35 per 
ft; other shallow facdes, 80.68 per ft. 
At Grand Coulee dam, diamond drill¬ 
ing was contracted at 82,95 per ft for 
84 vert holes, and 83.50 for 16 angle 
holes, all in hard granite. 

CUmaz Molybdenum Co (1937-88) 
drilled 12 407 ft of 1.5 to 2 8 /s.in ex¬ 
ploratory holes (Table 54) in granite 
and schut; range of depth, 200-1 540 
ft, aver 600; aver speed, 14.81 ft per 
8 -hr; core recovery 60%. 

Salt beds of western Texas and New Mez. Diamond drilling was done by contract (1927-29) 
to depths of 1 000-2 750 ft, to test potash content of beds; cores, 2.5-in. As KCl is soluble, a 
saturated solution of common salt plus MgCI was used instead of water. Total footage, 20 400 ft; 
core recovery, 98%. 

Kennocott Copper Corp, Alaska, has done much exploratory diamond drilling by con¬ 
tract, mostly in dolomite, all underground work. Nearly all holes are at angles of 5-10“ 
to horiz. For 60 800 ft of 1.5-in hole (^/g-in core), aver cost from 1920 to 1931 was $2.15 
per ft. Later costs (1937) are about the same. 

Sullivan mine, Kimberley, B C. Underground diamond drilling by contract in chert, quartzite 
and massive sulphide ore (pyrhotite, galena and sphalerite). Cores, 3/4 in for boles less than 
200 ft. Costs, 82-82.12 per ft. 

Homestake mine. So Dak. The orebody, a steep-dipping replacement in schists, 
slates and quartzites, is best prospected by horiz holes across the strike. All drilling is 
now done underground; parallel holes, 100 ft apart, and 50-450 ft deep (Table 55). 


Table 54. Cost of Diamond Drilling, Climax 
Molybdenum Co 



Cost 
per ft 


Coat 
per ft 

Preparing station.. 

Drilling. 

Reaming. 

Cementing. 

Casing. 

Carbon loss. 

$ 0,222 

2.732 

0.057 

0.216 

0.021 

0.042 

Power. 

Surveying.... 

Assaying. 

Core storage.. 

Total. 

$0,087 

0.004 

0.085 

0.032 

$3,498 


Table 65. Underground Diamond-drilling Costs, Homestake Mine, S D 


Year 

No of 
boles 
(a) 

Total 

footage 

Aver 
per 8-hr 

(b) 

Aver 

depth, 

ft 

Core 
recov¬ 
ery, % 

Labor 

(c) 

C'ar- 

Ixiti 

loss 

llort 

loss 

Itepair 

parts 

(d) 

Shop 

MLsc 

(e) 

Power 

U) 

Total 

1932 

85 

9 334 

15.8 

110 

79 

$.80 

$.41 

(*) 

$.04 

$ 07 

$ 08 


$1.43 

1933 

96 

■ESI 

. • • p • 

104 

HUM 

.92 

.14 

$ 17 

05 

04 

.04 

Hi 

1.38 

1934 

84(») 

K '(1)1 

BHMH 

115 

MHiM 

I.OO 

.20 

.11 

.03 

.03 

.05 

.02 

1.44 

1935 

113 

IF ^ 

hmm 

106 

HMM 

.96 

29 

.06 

06 

.03 

.03 

.02 

1.45 

1936 

84 

mm 

HHU 

121 

■yuM 

1.13 

.31 

.09 

.08 

.03 

.06 

.02 

1.72 

1937 

134 

19 417 

16.4 

145 

■umi 

.89 

.26 

.12 

.17 

.03 

.02 

.02 

1.51 

1938, 

4 mas 

75 

10 417 

20.0 

138 

91 

.72 

.09 

.11(1) 

02 

.04 

02 

.02 

1.02 


(a) Nearly all horiz holes, from 7 by 7-ft drifts; (ii) including all delays for moving; (c) includes 
bonus; (d) includes charging off new equipment; (e) oil and supplies; (/) compressed air; (g) 
includes an inclined hole from surface, 1 018 ft deep; (h) carbon bits only; (t) cast bort bits, except 
in broken ground. 


£1 Potosf mine, Mez. lu 1934, 58 726 
ft of holes were drilled with electric ma¬ 
chines, which saved per ft over air- 
driven drills. Table 56 gives costs. 

Matanuska eoal baain, Alaska. Core drill¬ 
ing in sandstone, and clayey shale that clogged 
bits and required frequent pulling of rods. 
Speeds: shale, 2.5-6 ft per hr; sandstone, 10 
ft; aver, including puUing of rods, 1.3 ft per 
hr; 8 holes, 676-1 820 ft; contrac* price, 84.25, 
plus 85 per ft of core recovered (58). 

Star mine, Rhodesia. Zip 3 silicate orebody, 
in Umeatone and schists (66). Drilling bad in 
schist; good in limestone; 10 700 ft of hole; 
aver depth, 276 ft; aver per shift, 11.76 ft; 
ooro recovered, 74%. Table 57 gives costs. 


Table 6S. El Potosf Mining Co, Mez 
(H. A. Walker) 



Cost 
per ft 
(1938) 

Cost 
per It 
(1934) 

Labor. 

Csurbon and bort. . . 
Power, air and elec. . 
New rods. 

$0.2187 

0.1140 
0.0643 
0.0125 
0.0490 
0.0479 

$0.1658 
0.1417(c) 
0.0224 
0.0087 
0.0570 
0.0264 

Misc. 

Supplies. 

Total footage.... 

$0.5064 

45 129 (a) 

$0.4220 

80 128 (6) 


(a) Includes 0 275 ft elec drilling; (b) 58 728 
ft eleo driUing; (e) lost bit increased cost 7.4^ 
per ft. 
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Dodge Corp, .Moreaci brsnoh, Aris 
(ApU 1938). Data on 11 holes of 760 ft 
aver depth: total aver working hr. 574; 
oontraot price, $3.50-$3.69; total aver coat, 
including eng'g, sampling and general expense, 
$6.03. Casing, 25% of all holes. Drilling was 
in shattered ground, largely monxonite granite. 

Purchase vs rental of prospecting drills is a 
queation usually decided by local conditions. If 
only a few holes are necessary, renting or contract 
work often preferable; for a large amount of drill¬ 
ing, puxjhase of equipment may be cheaper (57). 


Table S7. Diamond Drilling Costs at 
Star Mine, Rhodesia (60) 

Direst costs, per ft 


Setters, runners and helpers. $1,135 

Carbon lots. 0.352 

Materials. 0.248 

Power. 0.223 

Moving drills. 0.005 

$1,963 

Indirect oiuts: general expense, 
surveying, amortisation, etc..,. 2.284 

Total. $4,247 


23. SHOT-BORING WITH CALYX DRILL; SHAFT BORING 


Water rises 
to surface 

Cuttings 
Bottle In 
"calyx 


■^Wash water 
y ami shot 

e“l>crarod 


Construction. like the diamond drill, the bit is rotated by hollow rods, driven by an 
engine and gearing on the surface. Chilled-steel shot, i/ig and under, to ^/s-in, are the 
abrasive medium. Fig 49 shows bit for small holes. The shot, fed into the rods with the 
wash water, pass to the inner periphery of core barrel and bit; thence under the bit, some 
being crushed, others remaining unbroken and are rolled around under its edge. Diagonal 
slots in the bit allow passage of wash water to the annular space outside, without displac¬ 
ing and hfting the shot. The sludge collects in a hollow cylinder ("calyx"), above the 
core barrel and open at the top. A.s the rods 
are of smaller diain than the enlyx, the vcloc 
of the rising water is deereased, permitting 
deposition of the coarser sludge in the calyx 
(Fig .50): to carry this material to the sur¬ 
face would require a large quantity of water 
under high press. In large machines, the wt 
of nids gives sufficient press on the bit; in 
smaller si,ses, added press is applied by a rack 
feed and hand wheel. Speed of rotation, 

50-100 rpm. Instead of using a mechanical 
core lifter, as in the diamond drill, the dtill 
core is gripped by wedging it in the barrel 
with angular pieces of quartz, dropped 
through the rotating rods. Inclined holes 
can not be more than about 3.5“ off the vert, 
as the shot tends to run to lower side of bit. 

A complete Calyx-drill outfit, delivered in 
the West, costs ^ 000-$10 0(X). 

The Calyx drill can bore holes from a few 
inches diain to 6 ft or more. An important 
application is the boring of mine ventilating 
shafts and chutes for ore and waste (for the 
latter, see Sec 10, Art 23). A bored shaft 
will often stand without supt>ort, where shat¬ 
tering of walls by explosives in usual shaft- 
sinking methods would require timbering; 


Pipe casing-^. 



Shot bit 



-v^puttlnga 
.UcpoBltea In 
"calyx" 


Drive sboc 


Cnttings 
carrieu away - 
by water 


^J'-Core barrel 


Core aample 


Fig 49. Bit for Sboi Boring 


Fig 50. Calyx DriU 


henoe the advantage of boring a ventilating shaft, leaving smooth walls, without fire 
hazard. Early methods for holes of large diam involved actuating the drill from surface; 
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but a reoeut ddll designed by Newsom (64, 81) has driving mechanism and operator in a 
cage just above core barrel at bottom of hole (Fig 51). 

Zenith mine, Mian (65, 81). Vert ventiiating shaft, 5.5 ft diam, through 15 ft of alluvium by 
hand, 1 193 ft bored in rock: total depth, 1 208 ft; elapsed time, 7 mas. Formations: greenstone, 
some quartsites, chert and diorite. Surface plant: stiff-leg derrick, 60-ft boom, working load 30 ton, 
impact load 95 ton: main hoist, 200 hp, normal line pull 13 200 lb, rope sjieed 450 ft per min; 
man hoist, 25 hp; power-cable reel with 25-hp motor; air-hose reel with 11-bp motor; air com¬ 
pressor at 40 ou ft per min for ventilation. Drill (Fig 51): 100-hp motor; speed of core barrel, 
52 rpm; wt on cutting shoe, about 0 ton; length inside core barrd with new shoe, 15 ft 2 in. Core 
puller, inside length 8 ft; bailer; man cage (for 2 men); muck bucket. Aver drilling rate, 5.8 ft 
per day; best week, 77 ft; aver per drilling cyde, 8.46 ft. Shot consumption for 714 ft of hole, 
32 lb per ft. Total man-hr, 15 320; direct crew man>hr, 11 044; crew-hr, 4 933 total, 4.13 aver 



Fig 51. Section of Core Drill, Zenith Mine Borehole 



Fig 52. Core Lifter, Zenith Mine Borehole 


per ft, of which 0.39 for setting and removing drill, 0.96 drilling, 1.05 bailing. 0.53 mucking broken 
cores, 0.48 pulling cores, 0.12 changing drill shoes, 0.60 lost time. Operating cycle: drill lowered 
to bottom, power cable and air hose lowered; operator went down, tightened jackstu'ewe againat 
wall of hole (Fig 51) to resist motor torque, connected cable and hose, and drilled until core barrel 
was filled, or until stopped by some operating condition; he then disconnected cable, released 
jarkscrews and went to surface. Drill raised and inspected; sludge and water bailed from hole; 
operator went down, broke off core with hand-driver, wedges, and returned; core puller lowered 
(Fig 52) and core lifted; hole again bailed, and operator went down to remove broken rook and 
inspect bottom; hix return completed the cycle. Direct coet per ft: labor and eupervieion, 812.16; 
power and 8upplie». 87.34; total, $19.50. 

Idaho-Morylend mine, Calif (earlier instance of same method). Shaft, 5 ft diam, 1 125 ft deep. 
Best day's progress, 10 it; iu 30 days 150 ft were bored; aver cost per ft, 823.67. 

Examples of operating large drills from surface (U S Bureau of Kcclamation): (A) An IngeraoU- 
Rand WS3 machine bored a 3-ft hole 29 ft deep in gneiss, in 27 shifts; cost per ft, ^4.19. Badly 
fractured rock and a Aow of water made drilling difficult. (B) In ddomite, 2 holes 46 and 56 ft 
deep were drilled by same machine ^n 36 shifts; cost per ft, 823.60. (O In limeetone, an Ingersoll- 
Rand W-3 machine drilled 993 ft of hole (2 of them 92 ft deep), including moving, laying pipe liaee 
and Betting up, at aver of over 3 ft per shift; cost per ft, 812.56. Of this total, 211 ft cost 88.12 
per ft. (D) Grand Coulee Dam: 8 holes, 3-ft core, 3S6 ft aggregate depth, were bored at an aver 
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■pe«d of 0.33 ft per hr actual drilling tima; cost per ft, 331.40; abot oaed, 0 
Dam: 2 SO^n holea, total depth 1S7 ft, coat 326.83 per ft; ahot uaed, 
4 650 lb. 

24. DEVUnON AND SURVEYING OF BOREHOLES 

Derimtion or drift. Few diamond or rotary drill holes exceed¬ 
ing 100 ft deep are straight; deviation is least in cable-tool holes. 
In general, deviation increases with depth; also, holes bored at only a 
slight angle to dip of strata‘tend to parallel the bedding planes. 
Surveys to 3 000 ft of 8 deep holes on the Rand showed that: at 
1 000 ft, all holes were nearly plumb; at 3 000 ft, 2 were over 25** oft 
plumb (54). At the Britannia mine, B C, horiz holes drilled toward 
an underlay footwall curved downward, those toward the hanging 
wall curved upward; holes drilled obliquely to hanging wall curved 
downward; thus, holes tend to become normal to dip and strike (Fig 
53). Holes have been started as much as 25° off true direction in 
order to reach given objectives (67). Deflection generally seems to 
vary inversely as length of core barrel (68); worn or short core 
barrels, or light rods, or excessive press on bit, aggravates tendency 
to deflect. Drift of oil wells has caused so much trouble that holea 
are regularly surveyed to keep deflection under control, and successful 
directional drilling depends on accurate survey methods to determine 
both drift angle (deviation from vertical) and bearing. Methods 
and instruments commonly used for oil-well surveys may be classi¬ 
fied as follows: 




ng 58. Deflection of Horizontal Diamond-drill Holes in Shear Zone 

(E A M Jvur) 


130 Ih, (Jfl) Keanett 
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Sttrw«l Gyrcscopie Sinograph (^g 54) ia uaed in either an open hole or casing. Read¬ 
ings of drift angle and bearing are taken at any desired interval, going 
down or coming up, thus giving check readings. The instnonent, elec- 
A trically operated, maintains a fixed bearing, set beforehand, as desired; 
it carries a non-magnetic watch, compass dial and thermometer. An 
elec film camera, operated at will, with double lenses and timing contact, 
records time in seconds, temp, and inclination from the vert; oapac, 50 
ft of 16-mm film, 1 000 records. Instrument weighs 45 lb, its protective 
steel case, 1 300 lb. It ia lowered on a */i 9 -in wire line, or on the drill 
rods. The error of closure between two check surveys, in and out, should 
0 not exceed 1% of well depth. Time for a round trip in a 9 600-ft well 
is about 3.5 hr on wire line, or 7.5 hr on drill rods. 

Photo-magnetic instruments record on sensitized paper disks the drift 
angle (indicated by a deUcate plumb bob), and the compass bearing. 
Q They do not give reliable compass readings inside casing, but, if lowered 
8-10 ft beyond casing, are practically free from magnetic interference. 
E There are 2 forms: mtiltishot instbument (Fig 55) has recording film 
for a number of observations; simole-shot ikstbument makes one 
record only (Fig 56), disk a reading to 5“ within 5 min, disk b reading 
to 24° drift, within 20 min. Position of plumb bob image, the z mark 
on concentric circles, shows drift angle. Bearing is read by drawing a 
straight line-from center of disk through x, or intersection of plumb bob 
cross hairs, to rim of disk on which bearings are printed. Disks are avail¬ 
able for drift angles up to 70°, but accuracy decreases somewhat as drift 
angle increases. A single-shot instrument is loaded in daylight from a 
clip of sensitized disks. Time of lowering is set beforehand on the instru¬ 
ment watch, which closes an oloc contact when taking record, a synchro¬ 
nized watch being used at surface. On return to surface, the developed 
disk is available within 2 or 3 min. In some deep borings, where bottom 
temp may roach 250-300° F, it is difficult to use photo films. At about 
240° the camera must be cooled. 

Instruments recording drift angle only make a photo record, or me¬ 



chanical record in form of s punch mark, or graphic record in form of a 
curved stain on a paper scale. They are run into well like the preceding, 
or dropped through the drill pipe, and recovered by raising the pipe, 
When dropped into the well, this “Go-Devil” typo has protective 
spring guides on outside of its casing. Totco dbift recobdeb makes a 
punch mark on a disk with concentric circles to show drift angle. It can 
be raised from the well at 3 000 ft per min, thus saving time in deep holes. 
The recording mechanism comes to rest in less than 10 sec after reaching 
its position in the well. 

Syfo Clinograph (Fig 67). The orifice chamber 4 is filled with a definite 
amount of fluid, which passes elow'ly through orifice 6 into delivery chamber 7, 
filling this chamber slowly until the upper bond of delivery siphon 8 ia reached 
The siphon action causes part of the liquid to discharge into recording chamber 
12. and to rise quickly into upper bend of recording siphon 13, diecharging 
thence into -eceiving chamber 16. The inflow into 12 le faster than the dia- 
charge, oausi ig liquid to rise above bend in 13 to a point midway between top 
and bottom if recording paper 11. Liquid remains in this chamber less than 30 
sec, and then draine out, thus eliminating danger of splashing the chart when 
raising instrument. Liquid leaves a stain with a sharp line of demarcaliiin on 
recording paper, in form of a sinuous curve; vert distance from high to low 
point, as measui^ by the scale printed on the paper, gives angle of deviation 
from the vert. 

Oriented core barrel (Eastman Oil Well Survey Co) takes a core, while 
simultaneously, with a single-shot instrument, making a photographic reesrd of 
drift angle and bearing. The device makes a groove in ^e core, in line with a 
marker which shows in the photograph, thus correlating core with survey data. 

Orientation of drill pipe at the surface. If the pipe is allowed to 
turn freely while being lowered, and is raised a few feet on touching bot- 

Fig 55. Eastman Multishot Instrument, d. Drill-pipe sub. B, Orientation 
hole. C, Looking pins. />, Inner barrel. B, Batteries. F, Shock absorber. 
O, Start and stop switch, ff. Contact-actuating clock. S, Electric motor. 
K, Film box. L, Lighting unit. M, Camera. JV, Condensing lens. O. Compaae 
on gimbals 

























DEVIATION AND SURVEYING OP BOREHOLES 9-65 


tcnn and jthen lowered again, the orientation at the bottom is fairly close to the measured 
orientation at the surface (69). Rotation at surface is measured by sighting a distant 
point, and then measuring the turn of each section of pipe as lowered. In one hole having 
a drift angle of about 24° (at which friction of drill pipe in hole would have great effect) 
the survey at a depth of alraut 4 050 ft gave a bearing of N 36“ 15' W, as against a mag* 
nctic bearing N 35“ 45' W. Although this method is quite satisfactory, the magnetic 
method is usually preferred (70). 



Fig 56. Photo Records (Lane Welle Co) 



Fig. 57. Syfo Clinograph Fig 58. Diagram of Electric^ Coring 

Electrical coring (Fig 68) (" electrical logging ”) is used to determine the resistivity 
and porosity of the formations through which wells are drilled (71). The conductivity of 
stratifiod rocks is not the same in all directions; hence, if an elec current flows into stratified 
ground, the surfaces of propagation are not spheres but ellipsoids, the axes of revolution 
of which are perpendicular to the plane of stratification, whence the direction of dip of 
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the foimatinns can lie determined. The principles of electrical and magnetic geophysical 
prospecting have also been applied with some success to the survey of boreholes (for 
details, seo Bib 71, 72 and Sec lOA). 

Borehole surveying is largely done by surveying concerns on basis of rental charges for equipment 
or service fees. Among them are; £. J. Longyear Co, Eastman Oil Well Survey Co, and Lane- 



Fig 59. Two Types of Hydrofluorio-aoid-bottle Fig 60. Curve of Capillarity 

Container Correction 


Wells Co; some of them combine surveying with controlled directional drilling. Rental charges 
range from t4.50 or $5 per day to $150 per year, with a certain nunimum fee; surveying charges, 
tl6—$20 per hr of actual work, plus a standby charge and transport costs. 

Following are de^riptions of several older methods of borehole surveying that arc still useful. 

Hydrofluoric-acid method is the 8iinpie.st for determining deviation from the 
vertical only. Apparatus consists of small wide-mouth bottles with rubber stop- 


pers, supply of hydrofluoric acid, a metal container for the bottles, and a goni¬ 


ometer. The bottles should be of constant diam outside and inside, throughout 
their length. Inside diam should be as large as diam of hole permits. By using 
a phosphor-bronae container, a bottle 11/g in outside diam can be used in an E hole 



(Table 32). Walls of bottle should be about Vs2 m thick; stopper, tight fitting. 
Containers ere of steel, broiise, or brass (Fig 59), bored to receive the bottle with 
snug fit. They arc made in 2 parts, which sei ew together with fine threads, to 
exclude water, and are packed with lead or have carefully machined surfaces to 
insure a tight joint. A leak may cause collapse of the bottle, due to pressure of 
water in a deep hole. Containers are lowered into the liolo by a wire; or attached 
to the end or in the middle of a string of rods, in which case they are threaded on 
one or both ends for rod connections. In operation, the acid is diluted according to 
depth of hole and time required for lowering the container, the aim being to allow 
the bottle to reach the desired place in the bole before any considerable etching 
takes place. The bottle is left at this point long enough to allow a line to be etched. 
Strength of acid and time for etching are liest determined by experiment on the 
spot. Container is then withdrawn, bottle washed out, and angle of deviation 
measured by goniometer. The angle thus measured indicates a deviation from 
the vertical that is too small; due to capillsritt, which causes the acid to rise on 
upper side of bottle, so that the surface of the acid at rest in the inclined tube, 
when in the hole, is not truly horisontal. Amount of error varies with angle of 
inclination, diam of bottle, and strength of acid. It is a max when the bottle is 
inclined 45“; is larger in bottles of small diam, and increases with the strength 
(and resultant viscosity) of the acid. Fig 60 is a curve for 11/Hn bottles and dilute 
(1 to 12) acid. For the strength of acid and diam of bottle used a curve should be 
plotted, giving correction for any given deviation. 




Fig 63. Oehman'i 
.\pparatus 
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Oidatine method (MacGeorge’a). Apporatua conaiata of a container aa above, and a tube to fit 
it. The tube (Fig 61) oontaina in the upper bulb A a amall oompaaa and in the lower bulb B a 
glass plummet, both floating iu gelatine. The gelatine is heated in the bottle uatU it is liquid, 
then placed in the container, lowered to the proper point in the hole and allowed to aet. When the 
tube is withdrawn it ia placed in a goniometer with vert and horis circles, the oompaaa needle U 
brought into the meridian, the plummet made vert, and the amount of vert and hoiiz deviation read. 

Maas borehole compass employs a combination of the above methods. It consists of a 1 l/s by 
6-in tube A (Fig 62), in one end of which is placed dilute hydrofluoric acid; in the other a gelatine 
solution and a small compass C. For holes so deep that the gelatine would set before the compass 
is in position, a small thermos bottle D contains the gelatine and compass, and a 3-in tube ia used 
for the acid. 


Photographic methods. Oehihan’b afpabattts (Fig 63) (73). Phiinb bob c and 
magnetic needle b, have an electric light e above each, and photographic paper disks 
below on gimbals d, d. Clockwork r, « completes the circuit with battery A; at a set time, 
at which tire shadows of plumb bob and needle are photographed in the positions they 
take according to the deflection of the borehole. J. S. Owens (74) has devised an instru¬ 
ment that gives a series of rlinometer and compass readings recorded on sensitized paper 
by elcctrie lights, the recording r.'echaniam being controlled by clockwork. One insertion 
gives simultaneous records of essential data for each point in hole surveyed. F. Hum¬ 
phreys (75) doscril)es a photographic instrument which records position of a plumb bob 
clinometer in relation to the quadrants of a compass. A line through the centers of 
plumb bob shadow and image of compass dial gives direction of drift, the distance between 
these centers showing drift angle on the graduated circles. The instrument is not designed 
for deviations greater than 3.5°. The Wright surveying instrument uses radio-active mat¬ 
ter to affect a photo film (for details, see Fib 76). 



Fig Ot. Traiisiiiittor of 
Briggs’ Clinophouo 
(after Uedmayne; 



F'lg 65. Diagram 
of Electrodes in 
Surface Receiver of 
Briggs’ Clinopbone 



Fig 60. Computation of Borehole 
Data 


Briggs’ clinophone was designed for very accurate surveys of boreholes for the freezing 
and cementation methods of shaft sinking (Sec 8). Tests show that errors in readings sel¬ 
dom exceed 1 min. The transmitter (Fig 64) comprises: plumb bob p, with a needle n at 
the end dipping into vulcanite cup c, in which are 4 electrodes N, S, E, W of platinum foil. 
Each electrode connects at upper end to a plug and socket s' and s^, and these in turn to 
upper terminals t', f®, etc. A central terminal is electrically connected to needle n. 
o-strand cable passes through gland r to a receiver at the surface, which has 4 similar 
electrodes N', S', E', W', in a cup c' which, with cup c, contains weak salt solution (Fig 65). 
Needle n' is fixed in a metal holder. Alternating current is supplied through wires q. 
Telephone transmitters 2’', T’ on surface are connected separately to N-S and E-W 
directions. 

On lowering instrument into the hole, after plumb bob p and needle n are at re.st the 
operator moves needle n' until the sound in both telephones is the same. Needle n ia 
then iu same position in cup c as needle nf in the hole in cup c'. The position of n' is 
recorded by a scale on bottom of c'. The instrument is oriented by the rods used to lower it, 
which have scarfed joints, thus making practically a solid rod, and any rotational move¬ 
ment of the transmitter m the hole is indicated at the surface. As a check, the rods can 
be turned through 180° and readings taken also on return trip. Readings are taken 
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rapidly, the only tine loat being that for the plumb bob to come to rest. The instrument 
ie very accurate for small deflections; for greater deflections, the plumb bob is shortened. 

Kiruna method (77) uses the electric deposition of copper from solution to make a 
mark within a cylinder, instead of etching by HFl. Used successfully in Sweden. 

Fse of survey results: (a) determination of dip and strike of a stratum or orobody cut 
at 3 places; (6) determination of dip from the core, the strike of the stratiun or orebody 
being known; (c) determination from drill core of Ihe true thickness of stratum. 

Strike and dip. Theodore Simons (78) gives a convenient method of calculating strike 
and dip from 3 holes. In Fig 66, A ■■ lowest point at which vein is cut; B » point of 
intermediate elevation; C point of highest elevation; Bi and Ci » projections of B and 
C on horiz plane through ^ 1 ; d =* angle of inclination of line connecting A and C; e == 
angle of inclination of line connecting B and C\ c ^ horiz angle between above lines; 
^ B angle lietwcen line of strike and extension of horiz projection of line connecting C and 
B\ / =* angle of dip; m tan d tan e; n = 180® — c. Then tan b =• ain n -5- 
(»« + coa »), from which the strike is obtained, and tan f ~ tan e -r- sin b. 

Dip of a bed. E. E. White (79) gives a method for dc rmining the dip of a bed from 
a bole not at right angles to the strike of the bedding, know ; this strike and the directiun 



of the hole. In Fig 67, 1 " inclination of hole from horiz; d >» angle between bedding and 
axis of hole, as obtained from core; S = difference in strike between bedding and hole; 
D = true dip of strata; /> = length of a perpendicular from any point A on the hole to 
the bedding piano; r = length of perpendicular from A to the horiz plane through the 
intersection of the hole with the bedding plane; tnon repre.sents a bedfling plane; kv?i is a 
horiz plane through the intersection of the hole with the bedding plane; qop and (pr are 
planes through A perpendicular to n. If length of hole from A to point of intcrsoction 
with the bedding plane is taken as unity, coa I = K; cos d ^ m\ coa >S n -?• X; s oil =» r; 
ain d *> p; n coa 1 coa 5; o “ Vw* — n* ” Vcos*d-— q = Vo® + p® « 

Vcos® d — cos* I cos® S + «m® d «» Vl — cfjs* I cos* S ; x <* stn~* — ■« «in~* — - 

,/• . , sin I ® ■'/l ■—cos® Jcos*3* 

y ^ Sin ^ sm~* ■ - 1 ...--...— • 

8 \'l-- cos® I coa* S 

Four cases arise: D x + y, when beds dip in some direction as the hole, but more 
steeply (Fig 67, 68). D y — x, when beds ^p in same direction as the hole, but less 
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steeply (Fig 69, 70). D ^ 180 y — x, when beds dip in opposite direction to the hole, 
and mere steeply than a plane perpendicular to the plane through the hole and the strike 
line of the beds (Fig 71, 72). x — y\ when beds dip in opposite direction to the hole, 
and less steeply than a plane perpendicular to the plane through the hole and the strike 
line of the b^s (Fig 73, 74). ^ 

J. N. Justice (40) gives a method for determining true thickness of a bed, knowing its 
dip, the direction of the hole as surveyed, and distance penetrated by the hole through the 
bed. In Fig 75, AB =* plan of portion of hole in the bed; CAD ■> 
line of strike; EB projection of strike line through B\ AB 
perpendicular to CAD\ d »• angle of dip; F « angle between 
direction of dip and direction of hole; P » apparent angle of 
dip; T «■ true thickness; A"B is known in length and direction 
from the a>re and survey. The derived formulas are: tan P » 

{AE tan d) -i- AB cos F tan d\ T A'A" cos d = A''B {sin a 
cos d — cos a cos F sin d); AA" — AA' « A"B sina — AB cos 
F tan d, 

26. CHOICE OF BORING METHODS 

Chief factors: (a) depth of hole; (b) speed and information 
desired; (c) first cost of outfit; (d) operating cost; (e) character 
of materials penetrated; (/) transport facilities. 

For shallow work in earth or soft rock, a hand rig is prefer¬ 
able; for holes over 50 ft deep, or in hard rock, a power rig 
should Ix) usc<l, unless first cost, including transport, outweighs 
the saving. Speed generally increases with sise and wt of rig, 
except tliat in shallow holes and frequent moves the time for 
dismantling, moving and setting-up may offset speed. The 
question of operating cost is so closely related to purpose of 
the work, character of strata penetrated and lalxir available, that each case must be 
considered separately. In hard, shattered rock, chum drills are preferable to diamond 
drills. Small rotary drills will bore ground that can not be satisfactorily penetrated by 
churn drills, but the question of sampling by rotary coring is not yet fully worked out. 
Large rotary outfits can go to greater depth than cable-tools. Diamond drills have been 
successful in sampling ore where no core could be made, the sludge being saved and assayed. 
To secure information as to physical character of ore or rock, a core drill is necessary. 



VERTICAL SECTION ON A*» 

FigT.'S. To determine 
Thickness of Bed 


Table 68. Drill Manufacturing and Supply Companies (incomplete list) 


* Cubic-tool and rotary drills 

Wash¬ 

boring 

Oil- 
well 
rigs * 

Port¬ 

able 

churn 

drills 

Diamond 

drills 

Shot 

drills 

Mackintosh Bor¬ 
ing & Prospecting 
Tool, and P.A.P. 
alluvial drill 

AllBtecl Products Mfg Co, Wichita, 


X 


i 



Boyle Bros Drill’g Co, Salt Lake City, 

Utah..... 




X 



T^itpyrii»*TOriA Co^ So Milwaukee^ Wa. . 



X 




Chicago Pni‘uitTiaiic Tool Co, NY.... 




X 



Climax Uock Drill & Eng Wks Ltd, 
London... 





X 

Cynlnna Drill Co, OrrvilJe, Ohio.i 

X 


X 

• 




Ingereoll-ltand Co, N Y..' 



X 

X 


Keystone Driller Co, Be.aver Falls, Pu 
E. J. Longyear Co, Minneapolis, Mann 
Loomis Machine Co, I'iffin, Ohio.. .. 
KTnUnnRl Supply fin, Pittshiirgh. Pu. . 

X 

X 

X 

X 


X 


X 




! 






N Y Engineering Co, New York. 

X 






Republic Supply Co, Los Angeles, 
Calif. 







Apra^ifs Ar. HAnwond, Anrantnn, Fa. . . 




X 



F^tar Drilling Mach Alcron, Ohio. . 


X 

X 




X 

X 


X 



Well Mach’y dt Supply Co, Fort 
Worth, Texas. 

X 
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PROSPECTING, DEVELOPMENT AND EXPLOITA¬ 
TION OF MINERAL DEPOSITS 

■ 1. DEFINITIONS 

Minins includes surface operations, as quarrying in open cuts and the working of 
placers, as well as underground work. In a given mineral deposit, mining operations may 
be divided into 4 stages: 

Prospecting, or the search for mitierala. 

Exploration, or the work of exploring a mineral deposit when found. It is undertaken 
to gain knowledge of the size, shape, position, characteristics, and value of the deposit. 

Development, or the driving of openings to and in a proved deposit, for mining and 
handling the product economically. 

Exploitation (mining), or the work of extracting the mineral. 

These terms are used loosely. It is often difficult to distinguish between prospecting 
and exploration, nr between exploration and development, as the dilTerent kinds of work 
insensibly shade into one another; an arbitrary differentiation between them is usually 
established at a given property. Confusion also arises when the terms are extended to 
describe oiiorations on a property containing several orcbodics. In such cases, prospecting 
for new orebodies is a part of exxiioration. In certain mineral deposits, prosiiocung and 
exploration are done in one operation by boring; as in the disseminated lead ores of S E Mo, 
and in those Mesabi iron ores and goltl placers that are mined by open-cut methods. 

Prospect is a mineral property before exploration has proved it to be worthy of devel¬ 
opment. 

Since methods of prospecting and exploring a mineral deposit are based largely on its 
geological characteristics, a genetic classification of mineral deposits is invaluable (Art 3; 
See 2, Art 17). Methods of development and mining arc determined largely by the shape 
and position of a mineral deposit. From this standpoint ore deposits arc classified as: 

Veins. Tabular-shaped deposits of non-sedimentary origin, usually dipping at high 
angles. 

Beds. (1) Tabular deiiosits, lying conformable to the stratification of inclosing rocks; 
(2) detrital or sedimentary superficial deposits. 

Masses. Large orcbodics of ii regular shape standing at any angle. Fig 4 shows 
outline of a massive orelxidy. 

The following terms are commonly used in metal mining (letters refer to Fig 1-S). For 
coal mining terms, see Art 102 cf acq. 

Hanging wall or " hanging.” Ore limit or wall-rock on the upper side of a dipping 
orebody (h); called "roof" in bedded deposits. 

Footwall or ” foot.” Ore limit or wall rock on the lower side of a dipping orebody (J ); 
called " floor ” in bedded deposits. 

Shaft. A vert or inclined opening, giving access to and Ber\’ing the various levels of a 
mine («i, c); an ” inside ” shaft is oiio w'hich does not open to the surface; a flat or low 
dipping inclined shaft is called “ slope ” in coal mines. 

Crosscut. A horiz opening, like a tunnel, and ruiinitig through country rock or ore at a 
considerable angle to the strike of formation or orebody (g). 

Drift. A horiz oxiening, lying in or near the orebody, parallel or nearly parallel to its 
strike (/c). 

Level. The horizon at which an orebody is opened up, and from which mining pro¬ 
ceeds. The term is often used in the same sense as “ drift,” or to cover all horiz workings 
on one horizon. Thus, the drifts and crosscuts in Fig 2 would be called the 1st level, or 
the workings on 1st level. 

Winze. An opening (m) like a small shaft, sunk from an interior point in the mine. 

Raise (Cornish, “ rise ”). A shaft or winze excavated upward (/) as for connecting 
adjacent levels. Terms winze and raise are used interchangeably to describe a completed 
opening as at (n). Fig 1. 

Tunnel. Technically defined as a nearly horiz underground passage, coming to surface 
at both ends. In mining, the term is used also for such a passage open to daylight at 
only one end. Tunnels may be crosscut tunnels (p). Fig 5, or drift tunnels (r). Fig 1; 
the term “ adit ” is also used to describe any tunnel with one end open to the surface, 
although formerly limited to tunnels driven primarily for drainage purposes. 
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Stope. An underground excavation (a, Fig 1) resulting from actual mining of ore, as 
distinguished from other excavations in ore, as drifts, crosscuts, raises, winxes. The verb 
"to stope" is used loosely, but usually to denote the general plan andjwork of breaking 
ground in stopes. 
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Figl 




Fig 2 



Fig 3 




Back. The ore tietween a level and the surface, or between 2 levels; also designates 
the roof of a drift, crosscut, or stope. 

For comprehensive glossaries of mining terms, see Bib (1). 


PROSPECTING AND EXPLORATION 

2. CONDITIONS WARRANTING PROSPECTING 

Search for mineral is largely guided by knowledge of the goologinal assoeiationa and 
peculiarities of known orebodiea. It is done chiefly by miners who have absorbed the 
details of ore occurrence in mines where they have worked. However, they are keen 
observers, and have been responsible for most ore discoveries. Some deposits have also 
been found by inexperienced men, and some famous orebodiea have been found acciden¬ 
tally. Crane (2) lists 130 gold and silver mines in the U S, of which 11 were discovered by 
chance. See also Bib (.479). 

Th'-oreticallv, the trained economic geologbt should make the best prospector, but the chance 
of finding commercial orebo'liee is so smell that such men can not afford to prospect unless employed 
by miaing corporations. iSngineers generally direct the work of exploration, and ecientifio pros¬ 
pecting is commoner than formerly. Economic geology aids by indicating favorable localities and 
eliminating unlikely ones. Most plans for exploration are based (often unconsciously) on theories 
of origin of the orebody concerned (Art 3). 



CONDITIONS WARRANTING PROSPECTING 1(M)5 

* 

Cost of proopoctiiig and exploration ehovdd be kept low on account of tbe high risk 
involved. Simple methods shoiild be employed and unnecessary expenditure for equip* 
ment avoided. It is impossible to estimate the cost of strictly prospecting work; while 
fairly accurate unit costs for trenches and test pits can be obtained, the required amount 
of such work can not be determined in advance. Closer estimates are possible for system¬ 
atic exploration. Examination of a mineral property generally gives an idea of the 
amount and kind of work required to prove its value. The estimated cost of Uus work, 
compared with geological possibilities, fiunishes a measure of the risk involved (Sec 26). 

Presence of outcrops warrants prospecting, to determine whether shoots of oommerei^ 
ore exist at &ay points along them. Since exposed outcrops of well known tsn^cs of ore- 
body have now been fairly thoroughly prospected in all but the most inaccessible regions, 
the field for prospecting at present lies in search for now or rare types, or for those orebodies 
the outcrops of which are covered. However, air transport has expanded the fields open to 
prospecting of tbe older sort, besides making it possible to develop and exploit outl^ng 
discoveries, as in northwestern Canada, New Guinea and central Africa (646). 

In arid regions, surface exposures of rocks are often covered with a black or brown stain (MnOt), 
known as “desert varnisb." In sucn cases, if an orebody and the adjacent rocks are equally resistant 
to erosion, outcrops can not be distinguished unless pieces are broken off. There are undoubtedly 
exposed outcrops of this kind which have not been found. Their discovery is fortuitous, or results 
from patient detailed tracing of float (Art 4} (502). 

Presence of float, as pieces of ore, or specks of metal or ore minerals, justifies prospect¬ 
ing. Such discoveries must be considered in connection with local geology. Thus, it is 
useless to seek tbe source of quartz float in a schist or slate area where indi^ddual quarts 
stringers are too small to be of economic value. 

Favorable geological conditions. Many data have been collected about geolo^cal 
associations and characteristics of different types of orebody. Recognition of these 
characteristics in a new district warrants prostiecting. Conversely, geological conditions 
may prohibit prospecting; thus, search for cool is useless in igneous formations. Common 
associations and characteristics of orebodies are given in Art 3. It is important to note 
that geological conditions at one pleuse may be superficially similar to those at another and 
yet not be accompanied by workable ore deposits. Many geological conditions affecting 
occurrence of oil and other mineral deposits are recognizable from the air, with or without 
photography, but interpretations are more trustworthy if based on previous a< quaintsnee 
with the ground. Features most clearly recognized: contacts between different forma¬ 
tions and general character of each; faults; folded structures; quartz and other outcrops; 
oxidized cappings. For cost of aerial exploration, see W. E. D. Stokes, Jr, Bib (103). 

Ancient workings and dumps of ore, waste, or slag exist in different parts of the world, and 
lead to prospecting in their vicinity. Much historical information about old EunoPBivK and 
Bpanibh-Aubrican mines is available. Occasionally, an old book or record has afforded a clue to 
the location of an ancient source of mineral. Reasons advanced for the abandonment of ancient 
mines are: (a) wars or attacks by savages, (b) pinching out or faulting of orebody, (e) oecurrenoe of 
water, (d) lack of technical knowledge on the part of the ancients, a, b, and e may bs valid reasons; 
water in particular prevented mining much below groundwater level. Most old workings show 
evidence of skilful mining (3); the ancients did not work orebodies tbe metallurgy of which was 
unknown. No development was done in advance of mining; frequently, the cost of acquiring 
property was merely the cost of prospecting. The slave labor used was the only capital inveeted, 
and did not disappear when the mine was abandoned or exhausted. The purchosing power of metals 
was higher than at present. In such circumstances the ancients could work small, irregular, and 
low-grade orebodies. The existence of old workings is not Conclusive evidence of the existence of 
ore workable under present economic conditions. 

G. R. Carey (4) in 1901 investigated ancient workings in Rhodesia, where there are numerous 
outcrop workings on auriferous quartz veins of which there is no written history. Aver depth oi 
workings, 30 to 60 ft, occasionally 100 ft; in most cases milting had been confined to nai-row pay 
streaks; aver atope Width, about 2 ft. Indications were that the ore bad been crushed, sorted, 
and washed. The following conclusions from Ihis work are suggestive; (a) Length of old workings 

length of pay shoots at the surface, (b) Strike of vein is shown by course of the workings, 
(c) Dip of vein is toward the steeper bank of the old excavations (since hanging wall over an open 
out breaks down under long weathering), and may be determined from dip of the footwall bank of 
the excavation, (d) Width of vein can not be determined from, but is usually less than, the width 
of the old workings. Very narrow veins are indicated by narrow workings, with small dumps 
containing much waste, (e) Grade of pay shoots, vague, but above at'er grade of dumpe, if high 
values be rejected. (/; Large and numerous dumps in comparison with size of workings, especially 
dumps containing large pieces, indicate low-grade ores. Small, sparse dumps along strong workings 
indicate that whole vein was worked as payable, and that its grade was probably good. Roughly, 
the value of a vein is proportional to the ratio between extent of old workings and extent of the 
dumpe. (g) No Ugbt is thrown by old workings on permanence of the vein or on ita gold values 
in depth. 
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8. GEOLOGICAL DATA FOR PROSPECTING AND EXPLORATION 

By Alaa M. Profcuor of Beoaomic Geology, Tot# Uaivonity 

a. Introductory 

Moot mine exploration reeta upon geologicid theory or knowledge aa to probable poaition, form, 
aiae, extenaion, mineral character, or value of an ore maaa. Correct geological knowledge frequently 
enablea one nr more of the above featuree to be determined in advance of exploration, often with 
connderable accuracy. In aome oaaea geology fmniahea no due, and exploration ia necaoaaiily 
blind. Following are aome common eonditiona under which geology may aid in exploratory work, 
with methods by widoh reaulta may be secured (aee also Bee 2). 

< 

Sources ot infomintion: (a) Pboobbsiib or obioin or a oarosiT determine its form, 
size, and geological position, the mineralogy and value of its primary ore, the probability 
of its occurrence in undeveloped districts, and success or failure of exploration for more ore 
in a partly developed district. Production of ore masses is only one of many effects of ore- 
building processes. Other effects, if recognized, may assist in discovering ores. Favora¬ 
ble indications do not insure ore occurrence, but, if they are entirely lacking, ores of the 
type not indicated will almost certainly not be found, (h) Pbocbssbs or supsarxciAb 
ALTBBATioN acting on an orebody after its formation. These yield inferences from nature 
of outcrop as to what lies breath a barren gossan, the value of undeveloped orebodies, 
depth to wluch developed ores may be expected to go, and often the presence or absence 
of any orebody at all. (c) Tins or fobmation of a deposit, relative to other geologic 
events, determines the time relation between tmdoveloped ore masses and faults, intrusive 
rocks, metamorphism, sediments, and all geologic events that have occurred in a given 
district, and promises to yield valuable data, (d) Knowuedgb of dxstubbancbs that 
HAVa AFFECTED AN OBBBOOT Subsequent to its formation is useful when a deposit has been 
faulted, drag-folded, or affected by regional metamorphism. Faulted portions of ore- 
bodies may often be located. If effects of metamorphism are not too profound, the origin 
of the deposit may still be determined and used as under (a). In extreme cases of meta¬ 
morphism, geology furnishes little aid. 

Materids of mineral depositg and their formation. Mineral deposits are localized 
concentrations of spedal sub^nces of the earth’s crust; some are of common rock-making 
minerals. Of the 1 400 mineral species, about 30 are common rock-forming minerals and 
200 occur in mineral deposits. 

MetaUiferous deposits consist of: (1) Obb uinbbxls, contaming one or more metals; they are 
mostly metallic; one or more metals may be obtained from a single mineral, or the same metal 
from eevwal minerals; they are fbimaby or hypoobnb, and bbcomdaby or siiPBBaBNB. (2) Qanocb 
minerala, usually discarded; mostly non-metailio minerals or rock; some are utilised, es rook gangue 
for road metal, fluorspar for flux, quarts for abrasive, caleite for soil dressing. (3) Orb, a mixture 
of ore minerals and gangue, from which metals may be extracted at a profit. Whether material 
ia ore or worthless depends upon value of product and coat of extracting and marketing it; also 
upon content of byproducts or gangue minerals that can be utilised. Quantity of metal varies from 
0.00016%, in ease of some gold ores, to 60% for iron ores. Some ores have common metal asso- 
efationa, aa Ag and Au, Ag and Pb, Ag and Co, Zn and Pb, Cu and Ni, Fe and Mn, Sn and Wo. 

Jfoa-metallic depoeita consist of aolids, liquids, or gases, and are mostly used in their natural 
etate. They are mainly common substances, as fuels, rocks, sands, salts, and various non-metailio 
minerals. The depoeita, gem stonee excepted, consist mainly of the desired materials, which must 
usually be "processed” for market. 

The materials of mineral deposits are formed by: (1) cbybtaluzation fboh mbias, aa 
magnetite; (2) bpbumation, as sulphur; (3) dibtiliation, as petroleum; (4) bppbbbatjbation, 
as aitratee; (5) bbaction or oases with otbbb oabba, uquidb, ob soijob, as cassiterite, sulphur, 
magnetite; (6) bbactiom of eoLUTioMs with othbb boltjtions, oabbs, ob souns, the commonest 
process, giving rise to most ore minerals by direct depoeition, replacement, oxidation, reduotion, 
adsorption or catalytic action; (7) pbbcipitations by bactbbza, na iron and manganese oxides; 
(8) PNiaxiNO or solid solutions, upon cooling, as ilmenite fiorn magnetite; (9) colloidal 
DBPoamoN, aa manganese; (10) wbathbbino pbocbssbs, placers, clays, bauxite. 

In formation of m<i6t ore minerals, water has played the dominant part. Their depomtion is 
greatly influenced by temp and prase; a drop in temp or iireBe commonly oausee deposition ot 
minerals in solution. 

Stability of minerala. Me sit minerals change state in response to environment, and thus ars 
indieatora of geological condition!. High-temp minerals perish at the surface and take forme 
etaUe under the new conditions, like pyrrhotite to limonite; surface minerals ehange to stable 
forms at depth, as elay to mica or garnet; some are pemistent, m gold or diamond. Other minerals 
ehange nudecularly; ohalcooite formed above 91* C is isometric, but on cMling changes to twtho- 
(bombio; bdow 91* C it forms direotly ss mthorhombio; isometrio ohaloocite, therefore, indieatec 
primary origin. 
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OtoksKic ttiarmomvtM** Tbm kbove oonditioitf yidd ceologie “thermoawtsni," whioh indioBto 
eondl^onk of fonuBtion of ores utd htdp dia<gnoM oro deponte. They ue esteblubed m f<dlowe: 
(1) UBacT MBAiiuBvitBim, M of lainiur<dw; (3) HBX/tiiici mam, as stibiute at C or btamuth 
at 271” C, whieb meana that the Cobalt, Ont, ores contaiiiing fii paust have beeo formed below that 
temp; (3) DtaaocxAxxoM, as oaldte at 900” C or pyrite at 610” C; (4) iNvsBaioN vointb, aa “h^” 
quMTtt (a hiqh'temp variety formed above 673” C) changes below 673” C to “low” quarts; isometrio 
(^aloodte dtaugee to orthorhombic below 91” C, and argentite changea to the lower-temp form of 
aoanthlte at 179” C; (6) mtaoLonoN (separation from solution with lowering temp); oubanlte 
and ohdoopyrite enolve at 460” C, bornite and chalcopyrite at 475” C, and eovdlite and chaloocite 
at 76” C; (6) BacBTSTALUZA-noM, as native copper at 450” C and silver at 200” C; (7) uqvio 
XNCi.usioNa, as Tri-State sphalerite, formed between 115” C and 135” C. thus indicating a hypogene 
origin; (8) cbamobb in physical pbopxbtibs; fluorite losaa color at 175” C. 

l^agmas, rocks, and ores. Most metailifarous and many non-metallic deposits result 
from igneous activity: (1) some igneous rocks eu'e themselves ores, as corundum syenite, 
and magnetite porphirry; (2) certain ores are closely related to igneous rocks, as nickel 
to norite; (3) some igneous intrusions ore bordered by contact metamorphic ore deposits; 

(4) mineral deposits are also formed from volcanic emanations, furaaroles and hot springs; 

(5) veins are clustered in zonal a.Tangement outward from igneous intrusions. 

When a magma begins to crystallize it undergoes differentiation, yielding basic, inter¬ 
mediate, and silicic fractions. Normally, basic minerals crystallize first and sink in the 
melt to form basic fractions. Magnetite, chromite, platinum and nickel generally accumu¬ 
late with such basic fractions and may form ore deposits within the intrusive. As the 
basic minerals are subtracted, the residual “ rest-magma " becomes progressi-vely more 
silicic, and granitic magmas eventually become rich in silica, alkalies, and water; some 
may be squeezed into fissures to form pegmatites, containing many valuable minerals. 
With progressive crystallization the hnal aqueous extracts gather the metals and rare 
elements. These mother liquors constitute the magmatic solutions that give rise to moat 
of the valuable mineral deposits. 

The result of differentiation is to yield: (1) imhibciblb bulphidb uquidb, which settle and form 
magmatic sulphide deposits; (2) cbystals of eilioates and oxides, forming igneous rocks or ore 
deposits; (3) aASBOUS bmanationb, which escape and carry out valuable substances; (4) bxsidual 
UQUios, containing metais. Qaseous emanations may react upon invaded rooks to produce contact 
metamorphic deposits, or may escape outward with their load of metals, later to condense and 
mingle with meteoric waters to form mineralizing solutions. Residual liquids may leave the 
magma as liquids and also constitute metallizing solutions. Thus, the magma may yield mineral 
deposits within itself and supply gases and hot liquid solutions to form the multitude of contact 
metamorphic and hydrothermal deposits that are the offspring of magmas. 

Classification of mineral-forming processes. Recognition of coineral-forming processes 
and the resulting deposits is the. basis upon which prospecting, exploration, and to some 
extent, development, depend. It is only when these processes are understood that 
assumptions and predictions as to geologic position, form, size, continuity, character of ore 
beneath croppings, and often, their value, are reliable. Following table classifies mineral¬ 
forming processes rather than ore deposits, and is not opposed to the classification in 
Sec 2, Art 17. It is the basis of the practical considerations that follow. 

Classification of Mineral-forming Processes 

Process of formation Resulting mineral deposit 

Magmatic concentration.Syngenetic magmatic deposits (early and late) 

Sublimation.Sublimato deposits 

Contact metamorpbiam.Contact-metamorphic deposits 

Replacement.Massive, lode, and disseminated replacement deposits 

Filling of cavities.Fissure veins, and other cavity fillings 

Sedimentation.Sedimentary iron, manganese, phosphate, coal 

Rvaporation.Saline deposits 

Residual concentration.Residual deposits; oxides of aluminum, manganese, iron 

Mechanical concentration.Planers 

Oxidation and supergene enrichment .Oxidized and secondary enriched deposits 
Metamorphism.Metamorphic deposits, asbnstos, talc 


b. Magmatic Concentrations 

Origin is due to magmatic processes during consolidation; some, like nickel and 
diamond, are large and nch. Some ores, like magnetite, may form also by processes 
other than magmatic, but others, like Cr and Pt are formed only by magmatic processes. 
The orebody may constitute the whole of an igneous intrusion, as in the magnetite bodies 
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at Ejrunavaarat Swaden; more commonly, the vwfiil mineral oonatitutM a relatively 
email put of the igneoue mass, and oooutb in dieoonneeted, isolated maases near lie bordwa 
or center. They originate by differentiation; some represent segregationB of early farmed 
crystals; others, injections of eenoontrated melts; others injections of residoal liquid melts; 
and others injections of accumulations of segregated immiscible liquids. 


Type 

I. Euly Macmatic: 

A. Diaseminated orystalliaation 

B. Segregation 

C. Injection 


Process 

Crystallisation in situ 
Fractional orystalliaation 
Concentration and injection 


Bnmiae 

Diamond pipes 
Chromite dsimsite 
Kirunavawa, Sweden 


II. Late Magmatic: 

A. Residual liquid segregation Fractional crystallisation residue Tabarg; Iron Mt, 

B. Residual liquid injection I'ilter preeeing Adirondack magnetitee 

C. Immiscible liquid segregation Conoentration of immiscible liquid loeinewa, Africa 

D. Immiscible liquid injection Same, with injection Sudbury offeet deposita? 


Recognition. Magmatic deposits are composed only of magmatic minerolB; labra- 
dorite and olivine are formed in no others. Typical hydrothermal minerals, as rhodoohro^ 
site, barite, sericite, chlorite, are absent. They ue associated with an igneous rook of 
which they are a part or the whole, are never surrounded by a halo of tjrpicai hydrothermal 
wall-rock alteration, and constitute a small group of ores, each associated with its own rock 
type. They are distinguished from contact mctamorphic deposits by absence of contact 
metamorpbic minerals, and from replacement deposits by absence of hydrothermal min¬ 
erals and alteration. 

Occurrence. Magmatic concentrations occur as irregular marginal segregations, 
rarely as central segregations, also as dikes and irregular intrusive masses. Some ore 
stratiform with enclosing igneous bodies, as the platinum and chromite deposits of the 
Bushveld, Bo Africa. They occur only in association with the mother igneous rock. 


Valuable pndncta. Some of the valuable magmatic mineral produota are: 


Deposit 

Minerale 

Psreut Rock 

Native Metals 

Ft 

Pt, and with chromite or Ni-Cu-Co sulphidee 

Peridotite family 

Pt metals 

Oamium, iridium, palladium, etc 

•r 

Au, Ag 

By-product metals 

4s 

Oxides 

Fe 

Magnetite, some hematite 

Byenitea, anorthoeitas 

Fe-Ti 

Titaniferous magnetite 

Gabbro family 

Ti 

Ilmenite 

St 

Cr 

Chromite 

Peridotite. eerpentiue 

A1 

Corundum 

Nepheline ayenite 

Sulphides 

Ni-Cu 

Chalcopyrite, pentlandite, polydimite, eperry* 



lite with pyrrhotite, some pyrite 

Norite 

Ni 

s| 

is 

Cu 

Bomite and chslcopyrite 

SUioic rooks 

Precious Stonea 

Diamond 

Diamond, garnet 

Kimberlite 

Garnet 

Pyrope, almandine 

Ultra-basics 

Peridot 

Peridot (olivine) 

Peridotite 


Practical applicationa. Segregations are marginal in position and irregular in form. 
Only those of large horia dimenrions are likely to extend far below the surface. New ore 
can be expected only in or adjacent to parent rocks, and marginal positions afford greatest 
possibility for exploration. 

Sztenaions in depth are generally unlikely to exceed surface dimensions in case of 
segregations; tonnage possibilities can not safely be predicted on surface showings. Strati¬ 
form layers may have great extension along strike and in depth, as the Bushveld deporita; 
dikes and large injections may reach considerable depth. The walls are not generally 
abrupt, but merge into parent rock; hence exploratory workings in transitional portions 
are unpromising. Underground exploration for new ore masses not revealed in outcrops is 
hasuxlouB: surface exposures are apt to equal or exceed the sise and number of masses 
found in depth. In all igneous deposits, the primary minerals near surface generally per¬ 
sist to max depth of deposit; changes in tenor with depth are accidental rather than aonid. 

Search for orebodies in undeveloped districts. Igneous deposits are not accompanied 
by an obvious witreole of rock alteration; the only indications available to the prospector 
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are aotjid ore. end the kind of igneoue rook with which each ores are gemnnlly aaeociated. 
Thaee are valuable guidee; their abienoe throws euapicioit on any reputed ooourrenoe; 
search for diamonds in Arkansas was initiated by discovery of the correct type of rock. 
Common associatioDB are given in the preceding paragraphs. The correct rook mass being 
discovered, search should be made particularly about its margins. Peripheral igneous 
bodies bear a definite relation in size to the parent igneous rock, since large orebodies can 
not be concentrated from small rock masses. If sise of the igneous mass can be deter¬ 
mined it affords a clue to sise of possible ore masses. Some sulphide bodies lie in embay- 
ments of igneous bodies, hence such places should be prospect^. 

Magmatic orebodies occurring as dikes differ from ordinary dikes only in their mineral 
content: their expectation in a district can not bo predicted by geologic features; they 
are " where you find them.” Dikes of ore, though rare, are particularly reliable bodies 
upon which to count for persistence in depth. They can be recognized by: (a) igneous 
minerals; (b) lack of accompanying rock alteration: (c) included irregular fragments of 
country rock, not crusted by ore minerals, as in cavity-filled deposits. 

c. Sublimation 

This very minor proces-s accounts for certain deposits associated with volcanoes and fumaroles; 
they have been directly volatilized by heat and subsuquently ledepMited in the same form at lower 
temp and press. Sublimates deposited around volcanoes are rarely present in commercial quanti¬ 
ties. Sulphur of tbia oriKin has been mined in Japan, Italy and Mexico. 


d. Contact Metamorphism 

Contact metamorphism or pyromotasomatism (648) gives rise to distinctive ore 
deposits, where certain igneous rocks invade carbonate rocks. The dei>oaits are charac¬ 
terized by an assemblage of diagnostic high-temp minerals resulting from reaction of the 
magmatic vapors on the host rocks. The characteristic features of such deposits are: 
(a) proximity to intrusive, (b) calcareous host rock, (c) distinctive mineral association, 
(d) intimate associations of ore and ganguo minerals. The new minerals romilt from 
recombinations of former minerals, accessions from the magma, and combinations of both. 
The accession minerals (including ore minerals) are deposited by metasomatic replace¬ 
ment. 

Minerslt of contact metamorphic deposits (common minerals marked with asterisk). 


Minerals partly of recryatalUzation and partly accessions 


'Kirosoularite garnet 

♦Diopside 

Gahnite 

Staurolite 

Paigite 

'I'Andradite garnet 

Augite 

Andularia 

Quartz 

Topaz 

Azinite 

Fureterite 

Albite 

Biderite 

Apatite 

Tourmaline 

•Tremolite 

Biotite 

•Ilvaitc 

‘■Skarn” 

^WoUastonite 

*Actinolite 

•Calcite 

Graphite 

Pyroxene 

*8oBpa]ite 

Hornblende 

Fluorite 

Ludwigite 

Garnet 

*Kpidote 

♦Vesuvianite 

Zoisite 

Hulsite 

•Epidote 

'''Hedenbergite 

^Spinel 

Andalusite 




Mineral 

acceasions from intrusive rock 


*Speoularite 

Bornite 

Molybdenite 

Cazsiterite 

Tetradymite 

^Magnetite 

•Sphalerite 

Arsenopyrite 

« Willemite 

Altaite 

*Cba]oopyTite 

P^hotite 

Galena 

Pyrite 

Scheelite 


Original rock minerala 

Clay Quarts CalciSe Dolomite 


The most diagnostic minerals are lime silicates, magnetite, and speeularite with sulphides, in 
intimate relationships. Common types of deposits and mineral associations ore: 


Metal 

Chief metallic minerals 

Examples 

Iron 

Magnetite, hematite 

Cornwall, Pa 

Copper 

Chaloopyrite, bomite, pyrite, pyrrbotite, magnetite 

Moreaci, Aris 
Cananea, Mex 

Zinc 

Sphalerite, magnetite, pyrite, pyrrhotite, galena 

Hanover, N M 

Lend 

Galena, sphalerite, magnetite, obaloopyrite, pyrite, pyrrhotite 

Inyo Co, Cal 

Tin 

Caasitarite, wolfranite. magnetite, pyrrhotite 

Saxony 

Tungaten 

Soheelite or wedframite, molybdenite 

Mill City, Nev 

Molsdideniim 

Mcdybdenite 

Yetholin, Australis 

Gold 

Anenopyrite, native gold 

Hedley, B C 
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Practical edosidenttioiM* Contact metamorphic deposita are mainly confined to 
certain rock types, 'fliey are not associated with extrusive rocks, such as rhyolite or 

andesite, but only with granular, deep-seated intnmvea; they 

f are rare with extremely silicic or basic rocks and are most com¬ 
mon with intermediate types, as monsonite, granodiorite and 
diorite. Position of deposits is influenced by faults and l^r dip 
of boat rocks; such channelways conduct vs^rs outward from 
g intrusive. They are usually confined to within 100 ft of intrusive 
^ contact (Fig 6); hence search should be directed to marginal 
£ areas, or where channelways extend outward, as at Rochester, 
■f Nev; large roof pendants included in intrusive are particularly 
favorable sites for ore, as at Mackay, Idaho. Inferences from 
outcrops as to form and size are unreliable, benauso orebodies are 
BO irregular in form. Orebodies are irregularly distributed in 
contact aureole and generally unconnected; hence much explora- 
tion is required and predictions of extensions far beyond ex- 


> » / ' I 


mwphic ^SepoaitB^**^of POsed places are unsafe. Irregularities in tenor are common, and 
Magnetite in Limestone, aver grade is low. 


surrounding Jutrusive 
^fass of Andesite, Iroa 
Springs, ITtah. (Shading 
»Ore; Stipling « Con¬ 
tact Minerals.) After 
Leith 


e. Replacement 


tact Minerals.) After This is the dominating process of mineral deposition in 
Leith epigenetic deposits. It is a gradual process of simultaneous 

solution of minerals and rocks, and of deposition in the same 
space, vohune for volume. Thus, a cubic meter of limestone may be replaced by a 
cubic meter of sulphides, which often retain the limestone structure. The interchange is 
not molecular, but is of molecular proportions. Replacement is accomplished by liquid or 
gaseous solutions and almost any rock may be replaced by ore, although carbonate rocks 
are moat susceptible; it ts helped by fractures or schistose structures in the host rocks; 
takes place at normal temperatures (supergene enrichment) and at low, intermediate, and 
high temperatures. Replacement lx>dies are commonly surrounded by a halo of rock 
alteration, particularly those in igneous rocks. Replacement bodies may be massive, 
lode-fissure, or disseminated. 

Criteria of replacement: (a) structure of original rock preserved in ore; (b) unsup¬ 
ported nuclei of original rock surrounded by ore (such as could not have remained sus¬ 
pended in an open cavity); (c) doubly terminated crystals that have grown freely on all 
sides; (d) crystals and ore faces intersecting oiiginal rock structures. Distinctions: 


from magmatic deposits by above criteria and hydrothermal mineralogy; from contact 
metamorpliic deposits (emplaced by re[)laccment) by lack of contact metamorphic 
mineral assemblages and presence of hydrothermal minerals (these two types grade into 
each other); from cavity fillings by aliove criteria and lack of crustification and vugs. 

Features affecting search for and exploration of replacement bodies. The form and 
size, often not predictable, are controlled by: (a) homogeneity of rock; (b) form and 



Fig_ 7. Plan of Flat Shoots in 
Thin Sedimentary L^ers. (.Arrows 
show Direction for Crosscuts an.) 
Drifts) 


structure of host rock; (c) number and distribution of 
channels of access; (d) mode of replacement. Since 
replacement can not occur without entrj' of solutions, 
ctianucls of access are important guides to ore sites; an 
orcbody may occur w’here a fissure intersects a con¬ 
genial bed of limestone; thus more ore may be expected 
where similar fissures intersect the same bed. Form of 
replacement masses in homogeneous rocks like lime¬ 
stone is generally determined by arrangement and 
distribution of minute fissures. In non-homogeneous 
rocks, like alternating beds of lime and shale, flat 



Fig 8. Narrow Bed between Unfavorable Formations 
(Replaced along Fieeure Zone eo ae to give Depoeit a 
Bedded Form). Croee-seo 


shoots develop in the limestone where it is intersected by fissures (Fig 7); dosdiy 
spaced fissures result in wide bedded shoots (Fig 8). Replacement may bei^n in dia- 
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oontteoted centers, causing dissen^nated deposits; if continued, the oentears cofdesoe to 
fonh a large solid orebody. Such ore boundaries are genersib^ sharp (Fig 9-12), Fbr 
full discusmon, see Bib <649). 

Search in sedimentary rocks. Most replacement deposits in sediments are localised 
by fissures that cross favorable beds; the ore spreads out within beds on either ride of 
fissure, ipviag rise to tabular-shaped bodies (Fig 12). Undersides of impervious beds are 
particularly favorable. Search should be m^e by following fractures toward a favorable 

bed, and crosscutting in that bed normal to trend of fissure 
system (F^ 7, 12). Ssabch in ionkoub bocks should be 
conducted along fracture sones, or within areas of intense 
hydrothermal alteration. 





PwpiVT 


Fie9. Oreshoot in 
Limestone, Leadville, 
Colo. (Greatest F.xtcn- 
sion across Bed^ be¬ 
cause of Dominant 
Control of Fissured 
Area). Crose-seo. 

After A. A. Blow 



Pig 10. Irregular Replacement Orebody in Limestone (Showing 
Tendency toward Greatest Extent Parallel to Bedding Planes). 
Longit sec. After A. A. Blow 



Fig 11. Monive Replacement of 
Shattered Clay-slate and Gray- 
wacke, Rio Tinto, Spain. (Form 
determined by Eri;ent of Zone of 
Shattering). Plan 



Fig 12. Section on AB (Fig 7), showing Posi¬ 
tion of Favorable Bed, and Occurrence of Ora 
in it along Fissures; also Position of Drift 
beneath Cap Rock 


Outcrops of replacement bodies. Replacement veins are irregular in outline; outcrops 
may not be commensurate in sise with underlying orebodies. Disseminated replacements 
in igneous rocks are confined to, limited in size by, and have extent of, the fractured area 
in which they are localized. Replacements in sedimentary rocks generally have greatest 
extension parallel to bedding planes; hence, in flat rooks, outcrops are large in proportion to 
volume of ore. Inclined l^ds, as at Leadville, Colo, outcrop only where the edges of 
including limestone are eroded; slight outcrops then often represent large deposits and 
justify search in depth. Mineralized fractures should be followed downward to favorable 
beds where lateral exploration can be carried on. In vert beds, replacement bodies often 
have an adequate outcrop, which represents expectations below. 

Examples of some replacement deposits. In the following are given, first the ora, second the 
type, and third the location. Ibon: magnetite, Dover, N J, Lyon Mt, N Y; hematite, Iron Mt, 
Mo. Coppbk: diMeminated, porphyry coppers, Utah Copper; lode, Kenneoott, Alaska, Magma, 
Aria; massive, Bisbee, Arii, Noranda, Que, Boliden, Sweden. Lkad; massive, I.eadvi]le, Sullivan, 
B C; lode, Coeur d’Alene, Idaho, Tintie, Utah; diaseminateef, S E Mo. Zinc: massive, Flin Flon, 
Manitoba, Sileeia; lode, FVanklin Furnace, N J. Golo: lode, Homestake, S D, Kirkland Lake and 
Porcupine, Ont. Silver: lode, €3erro de Pasco, Peru, Park City, Utah. Tin: pipes, Transvaal. 
MEXccBr; lode, Almaden, Spain. Moltbdxnuu: disseminated. Climax, Colo, Utah Copper, Utah. 

f. Cavity Filling 

This conrists of deposition from solutions of ore minerals in pre-existing openings in 
rocks. The kinds of cavities that are filled and the resulting mineral deposits are: 


Cavity 
Fissures 
Shear sonea 
Joints 

Tension craoka 
Baddlea 


Depooita 
Fi»ura veins 
Shear aone deposits 
Ladder veins 
Stookworks 
Pitches and fiats 
Saddle reefs 


Cavity 

Irregular oaves 
Channels 
Gashes 
Breccias 
Volcanio 
Collapse 
Tectonic 

Pores 

Vesioules 


Deposits 

Cave deposita 
Cave deposits 
Gash veins 

Pipes 

Breccia filUngs 

•4 

Diaseminatsd 
Vesicular fillingi 
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Gsvity-filiing depoaito generally display comb structure or orustificstioa, consisting of 
layers of different minerals on or about country rock (fig 13), with crystals projecting 
toward former opening; vugs are common. Minerals are typically hydrothermal, ranging 
from normal- to high-temp minerrds; commonly, intmn^ate to low. Cavity-ffUing 
deposits grade into replacements, usually accompanied by some replacement of walls or 
included country rock (Fig 14). The replacement part may constitute the bulk of a 
depoiat; benoc, prompt recognition of this feature is desirable. 



Fig 13. Single Filled Fissure 
Center of 



Fig l.l. Shorted Zone (Cross-sec), 
showing l.argest Number of 
Crocks ut Scat of fleitviest Move¬ 
ment 


BoUd on 



Fig 14. Keploced Sheeted Zone 



Fig 10. Vein dividing into Lenses en echdon 
on ppssuig at Small Angle through Cleavable 
Formation 


Fissure veins arc the most important type of cavity filling. Their formation involves 
formation and tilling of fissure, which may occur simultaneously or be separated by long 
time intervals. Varietirs: fa) simple filled cracks; (M sheeted zones (Fig 15), consisting 
of closely spaced parallel cracks filled with ore; (c) single, fat lenses, commonly in schists 
(Fig 16); (d) coinpo.sitc, wide zones of nearly parallel fissures connected by diagonals 
(I'ig 14). 

Physical details. Most fissure veins arc narrow and inclined. When exposed at 
surface, the outcrop is straight or curved, depending upon dip of fissure and surface relief. 

Veins are seldom planes; usually of complex 
curvature, and characterized by fiincbes and 
swells (Fig 17), branches, horses or included 
masses of cxiuntry rock, anastomosing (Fig 29), 
and brecciation. Walls are frozen or free, 
and may be marked by selvage or gouge, or 
they may be commercial, that is, ore grades 
into country rock with no definite wall. 

Practical considerations. Prospecting, ex¬ 
ploration and development aio often based 
upon assumption that fissures continue con¬ 
siderable distances along the strike observed at 
one point. This leads to errors in locating 
sliafts, adits, or crosscuts to intersect vein, and 
in locating claims with respect to vein 8p<». 
Knowing the aver strike reduces risk in 
predicting extensions from a single exposure; trenching, and observation of aver strike 
should precede selection of sites for openings. Aver trend of other fissures in district is 
suggestive. If bedrock is covered, surface exploration for continuation of a fissure may 
be guided by projecting its apex on to a topographic map (see Art 5). Dip of fissures has 
little relation to their size or continuity. Mo.st fissures have high dip (50®-90®); the 
North Star vein (dip abi nt 20"), Grass Valley, Cal, is an exception. It is not true that 
veins of low dip are never wide. Dip may vary greatly; projections of dips observed at 
only one point arc unsafe unless attested by geologic habit of other fissures of distriot. 
Fissure veins generally have small displacement; large faults in a district are not often 
mineralized; much exploration has bror wasted on them. 

Fissure systems. Except in case of a few large veins, like Comstock Lode, fissure veins 
seldom occur alone. The strains that produce fissures of small displacement generally 
find relief in many cracks. Fissures of approx same trend form a btbtbm. Thors may be 




OBSERVED condition 

• *• DlreoUoa of drift 

POSBfSiLITV a 


^ — 

POSSIBIUTV b. EXPLORATION ON EXTENSIVS 
SCALE INADVISABLE 

possiBiuTYC 

Fig 17 
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eerdral tqrvteiiu in a district; intbneoting systems may be of different age and disiilaM 
each o^b«r, aa at Butte (Fig 18), or may be coonatc, formed oontem|>oraneou^ due 
to same cause (Fig 10,20). Varieties of cognate systems: (a) parallel, (b) intersecting, like 
cleavage in augite (i^ 20). (c) fan-shaped, (d) radial, as at Cripple Creek, Colo. 



Fig 18. Superposed 
Vein Systems oi Dif¬ 
ferent Ages, Butte 


Practical considerationa. It is often erroneously assumed 
that the wall of a vein means the limit of metallization. 
Since parallel fiasures are common (Fig 21, 22) crosscutting 
is advisable, especially in early stages of development, and 
has yielded fniitful results, as at Camp Bird, Colo, imd 
Eennocott, Alaska. 



iug and Mutually Al- 
Fig 19. Vein System; Fissures ternating Syetema, 

All Cognate. (Part of a System Forming a Cognate 

in liars Mts) Group 



Fig 21. Large Filled Fissure 
with Parallel Lodes 


Fig 22. Two Parallel 
Lodes overlooked 
through Insuffirieney 
of Lateral Exploration 



Fissures of same system are generally of same age and mineralization; those of cog¬ 
nate groups are mineralized alike. Fissures of different systems usually have different 
mineraLs, ores, and values (Freiberg, Saxony); veins of different ages may also have dif¬ 
ferent ownership rights. Younger fissures pass through and fault earlier ones, and such 
intersections do not carry same apex rights as junctions of cognate fiasures. An inter¬ 
secting cognate system (Fig 20) will lie mineralized alike; two different intersecting systems 
will be mineralized unlike. Relative age.s may be deter¬ 
mined by: (a) relation to rocks of known age, one cutting 
a porphyry and the other cut bi^it; (5) if of different 
ages, one generally faults the other in same direction; 
ore of older is crushed and dragged, and ore banding of 
younger passes through older (Fig 23). Termination of 
one vein against another does not imply faulting, since 



the two may be cognate (Fig 20); (c) in contemporaneous 
cognate fissures the ore bands will not be broken, but 


Fig 21 


turn from one into the other (Fig 24). These may suffer post-mineral movement simu¬ 


lating different ages. 



Fig 25 Fig 26 Fig 27 

Fig 26. Finure Deflected by New Formation, due to .Small Angle of Incidence 
Fig 26. Fissure, first Deflected, then Entering New Formation 
Fig 27. Fissure at Sroail Angle of Incidence may enter thus without Change 


Sffccta on figanraa of change in formation. Since rocks fracture differently, fissures 
generally change in passiag from one formation into another (Fig 25-32). This change is 
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oftw for the 'worae. siniDe initial eixploitation usually starts on widest and.riebest ixirtiona. 
A fissure meeti^ a new formation at a low angle of incidence may be deflected (l>1g 2S) 
or refracted (Fig 26); rarely, there is no change (Fig 27). The higher the angle of tnei* 



Fig 28 Fig 29 Fig 30 

Fig 28. Fissure at High Angle of Incidence often Enters without much Change 
Fig 29. Change in Gottlob Morgengang, Freiberg, on Passing from Gray Gneiaa into Quarts 

porphyry (after Beck) 

Fig 30. Fiaeure Pinching Out on Entering New Formation 

dence, the less the probable change (Fig 28). Passage into a more brittle rock causes 
spraying (Fig 29); into less rigid rocks, pinching (Fig 30-31); into tough rocks (shides), 
(^ng out (Fig 32); and angling into a fissile rock causes an en echelon dispersion into 
lenses (Fig 16). 


Fig 31 Fig 32 

Fis 31. Seven-thirty Vein, Georgetown. Colo, Pinching on Paesing from Granite into Porphyry 
• (BuU 260, USGS) 

Fig 32. Large Fiaeure Ending Abruptly on Paesing into Easily Distorted Shale, Ouray, Colo 

(Bull 260, USGS) 

Practical considerations. A geologic map, showing formations in path of fissure vein 
along strike and dip, permits predictions as to expected behavior. Any change in forma¬ 
tion may produce a physical or mineral change in a fissure vein. Outcrops of veins 

restricted to one of several equally ex¬ 
posed formations indicates the latter 
are unfavorable. Most favorable are 
homogeneous formations, as monsonite. 
A fissure vein can not enter a rock later 
in age than itself, for example, an in¬ 
trusive andesite. 

Fissure veins terminate within a 
homogeneous formation by: (1) abut¬ 
ting a fissure or fault (Fig IS); (2) 
splitting into diverging stringers (Fig 

29) : (3) pinching to a mere crack (Fig 

30) . The possibilities of pinching ere 
(Fig 17): (a) a pinch intervening h&< 
tween two swells, (b) a final termination, 
(c), continuing as an overlapping en 
echdon fissure. In the last case, oross- 
outting is advisable. TerminationB 
in non-homogeneous formations are 
shown in Fig 29-32. 

Predictions as to depth. Deep 
exploration and estimates of ore ton¬ 
nage and life of mine depend upon 
predictions as to expected depth. If 
no change of fonnation is indicated, 
low-tsmp and press minemls often mean, shallow depth, while meditun- to high- 
naan greater depth. Strong fault fissures commonly extend to depth, weak ones are apt 
to he diaUow. As a rough rule, the depth will equal about half the length, d^pendi^ 


Erosion surface 


** Blind vein 



Fig 33. Longit Projeotiou of fissure. Showing 
Ruation of Li^th to Deptl«, DeMnding on Depth 
of Erosion. 8i, Erosion Surface Gives Blind Vein; 
St, Depth Greater than Length; Erosion 

Reveahng Medial Sections, with Depth Approx 
Half the Length; Roots of Vein. Length Greatly 
Exceeding Depth 
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upon th,e depth of eronon. Shallow erosion may fail to expose a “ Mind " vein; prc^res- 
deeper erosion may reveal the top, medial portion, or roots of a vejn. If the top is 
exposed, the depth may equal the len^h; if the medial portion, half tho length; if the 
roots, less than half the length. This is based on assumption that fissure veins originally 
are roughly circular, lens-shaped bod¬ 
ies (Fig 33). With erosion surface 
at Sa, the depth is practically a diam; 
at 8a or Sa. the outcrop is a diam and 
the depth a radius; at Sa, the outcrop 
is a chord and the depth only part 
of a radius. Depth of erosion may 
bo estimated by: (a) top of vein is 
indicated if enclosing formation has 
not suffered much erosion, as in Boul¬ 
der batholith, Mont; (6) rarely, fault 
scarps may indicate recency and lack 
of erosion; (c) extent of assex-.ated 
placers may roughly measure the 
amount of erosion; (d) contrast be¬ 
tween zone of secondary enrichment 
(see later) and primary ore pemuts 
an estimate of amount of erosion; a 
thick zone of rich secondary sulpliides 
overlying low-grade primary oremeans 
extensive erosion of upper part of vein; (e) district habit of veins may afford a clue; all 
veins of Cobalt, Out, are shallow. 

Ore shoots. Commercial minerals of most veins are concentrated in ore shoots of 
various shapes and sizes. Common types; 1, open space, due to available open space, or 
“swells”; 2, intersection, due to vein intersections; 3, impounded, due to damming of 
solutions by impervious barriers; 4, wall-controlled, due to effect of wall rock upon 
precipitation; 5, structure-controlled, due to decrease of temp and press; 6, recurrent, 
due to successive periods of raotallization; 7, unsolved, includes many. RxcxioKtTiON 
by mineralogy, assays, and plotting of distribution. 

Oeological assay maps help determine localization and expectation of shoots and aid exploration. 
Plot a longit nee cf vein, showing rocks, fissures, u.\id>zod, enriched, and primary sones, vein widths 
by contours, and outlines of ore shoots (restricted to primary ores. Fig 34-36). The superposition 
may show a definite relation between ore shoots and influence of wall rock, as within diabase dikes 


Fig 30. See Along Vein (Solid Lines = Geol 
on Far Wall; Dotted, on Near Wall. Shading 
Indicates High Value, or Commercial Ore. Ore 
Shouts Due to Presence of Older Intewecting Vein) 

(Fig 36) (hence other dikes suggest places for exploration): or to intersecting fissures (Fig 36), 
showing that other fissures of same system may also localize shoots; or to widths of fissure (I'lg 34). 
If vein occupies a fault fissure, the geology of both w.-dls may bn plotted on separate tracings, which 
can then be shifted over each other until the geology coincides, thus giving the fault displacement 
(both walls are on same drawing in Fig 34-36). Shoots may be. independent of above causes; 
then the only guiding rule for search is that they are apt to recur at fairly regular intervals. 

Examples of fissure veins. Gold; Cripple Creek, Colo; Mother Lode, Cal; £1 Oro, Mex; Kal- 
goorlie, Aust. Silvbk: J‘uahuca, Mex; Potosl, Ttolivia; Cohalt, Ont; Tintic, Iltah. Silvjbh-lead: 
San Juan, Colo; Przibrf.m, Bohemia; Freiberg, Saxony. Copper- Butte, Mont; Carro de Pasco, 
Peru. Lead: Ciausthal, Prussia; Linares, Spain. Ttn: Llallagua and Huaniini, Bolivia; Cornwall, 
Eng. Antimony: Hunan, China Mebcobv: New Tdria, C.al. Tdnosten: Kiangsi, China. 

Other important cavity filling deposits. Siib.vh zonei are wide zones of fracturing impregnated 
by ore minerals. They constitute large and important deposits of Cu, Au, Zn and other metals. 
Mostly, replacement doposits. Ladder veins are short, transverse, cooling-joint cracks in dikes. 




Fig 35. Sec of Veins Showing Geolo^ Platted 
on Walls (Solid I.ines Far Wall, Dotted = 
Near Wall. Shading Shows how Ore Shoots 
Occur only between Diabase Walls) 
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TraDBTene lengths are no greater than width of enelosing dike, but longit leagtha may be great. 
Where doaely spaced, the dike as a whole may be worked, as at Morning Star, Viotoria. Stocs* 
wOBxa are masses of rock traversed bjr a network of small veinlets, ao oloaely spaced that the whole 
mass may be mined. Their typical habitat is in upper part of a stock. Stookworks make large 
depoeits of Sn, Au, Cu, Pb, Zn and other metals. Most of the world's lode tin comes from atock* 
works, that at Altenbwg, Ger, being 3 000 ft across. SAnnnE REsrs are openings occurring when 
alternating competent and incompetent beds are folded into dose anticlines. A vert eroes-seo 
resembles that of a saddle. Leg'lengtha, 100-300 ft; a single axis was horisontally followed for 
3 000 ft in Bendigo, Australia, where 300 million ddlara in gdd were produced from such deposits. 
Saddles occur one below another; at Bendigo, mining has reached 4 600>ft depth. PncBSS AHn 
PLAie are tension cracks accompanying gentle warping in sediments. Wisconsin lead and sine ores are 
examples. SonunoN cavities in the form of caves, galleries, and gash veins are a source of Pb, Zn, 
Cu, Hg and many other ores. They occur only in soluble rocks, generally resting upon sn insoluble 
rock. Bbeccia riLunas are spaces in breccias occupied by ores; (a) volcanic breccia pipes (Baasick 
mine, Colo); <6) collapse breccia deposits, due to collapse of rock overlying a large solution cavity; 
these are common in Utah, Aria, Cdo, and Mez, and contain large deposits of Cu, Zn and Ag-Pb 
ores; at Bisbee, Aria, they form a crackled surface area, 1 000 ft above the ore; (e) tectonic breedas, 
resulting from tectonic stresses; these contain large Zn depoeite in Tenn, Pobe bpace nUiiNOS 
are found where rock pores are impregnated, as by Cu, vanadium and radium minerals, and oil in 
sandstone. Vbsicui.ab munoa are the filling of lava vesicles or blow holes, as in Lake Superior 
amygdaloidal copper deposits. Exploration should follow the tops of lava flows. 


g. Sedimentation 

SedimentBx; procesBes (650) give rise to commercially valuable deposits, as Fe, Mn, 
Cu, uranium, phosphates, sulphur, magnesite, bentonite, building stones, cement rocks, 
commercial clasrs, and coal. The world’s largest reserves of Fe, phosphates, and clay are 
of sedimentary origin. The deposits are relatively thin, but widely distributed; those 
of Fe, as the Clinton ores of the U S, and the “ minette ” ores of Central Europe, occur 
over hundreds of square miles. 

Practical considerations. Such deposits vary little in thicknees or grade over short 
distances; hence relatively few openings are necessary to delimit ore and estimate values. 
A single ore bed may be repeated in outcrop by folding or faulting. Exploration is guided 
by fixing the position of b^s in the geologic column and by revealing the structure from 
surface mapping. 


h, Evaporatioii 

Evaporation of bodies of marine, lake, and subsurface waters yields commercial 
depositB of salt, gypsum and anhydrite, potash, nitrates, borates, sodiiun carbonate, 
sodium sulphate, lime, and travertine (651). Salt, gypsum, potash, and nitrate deposits 
support large industries. When sea water is evaporated to about Vs its volume, FexOt 
and CaCOi are deposited; to i/* vol, gypsum or anhydrite; to i/io vol, common salt; 
next, magnesium s^phate? and chloride; and lastly the bittern salts, including potash. 
Evaporation of 1 000 cu ft of sea water yields only 0.7 cu ft of gypsum. When common 
salt is not underlain by gypsum it means that a cut-off body of sea water has been shifted 
or tilted into another basin after the gypsum has been deposited. Potash deposits (as 
Stassfurt, Germany, and New Mex basin) represent enormous concentration by draining 
into residual settling pools. The U S potash basin, recently developed, has an area of 
40 000 sq miles, of which 3 000 are known to contain sylvite, camallite, or langbeinite; 
present potash mining is centered in 3.1 sq miles near Carlsbad, N Mex. 

Practical conaiderationB. Statements given for “ sedimentation " above apply also to 
marine products of evaporation. Salt and gypsum alternate in layers; they also alter* 
nate with potash beds. Beds are generally horiz, and search is made by vert drilling. 

i. Residual Concentratibn Deposits 

These result from removal of undesired materials and accumulation of an insoluble 
residue of desired BubBtan''CB by weathering. Requirements: (a) rocks containing valu* 
able minerals that are insoluble; (5) climatic conditions favoring chemical decay; (e) gentle 
topography, on which residue can be retained (erosional plateaus are especially favorable); 
(d) long-continued crustal stability, to allow quantity accumulation. In one case, the 
residue is an accumulation of a pre-existing mineral that has suffered no change (iron oxide 
in limestone, liberated by solution of lime.^one and accumulated as a residual deposit of 
iron ore). In another case the residual mineral is caused by weathering, as the feldspar 
of a syenite decomposes to form bauxite, which aooumulatea to form a deposit. Source 
materials: (a) pre-existing deposits, as siderite that yields iron oxide ore; (6) disseminated 
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minerals in rocks, as iron or manganese oxides in limestone or chert; (c) rock minerals that 
weather to new constituents, as clays, bauxite. 

Residoal iron ores result from solution of enclosing limestone or chert, and accumulation as 
hematite or limonite; as at Lake Superior and Mayarl, Cuba; also Appalachian broa-n ores. 

Residual manganese deposite are the source of most manganese. They are the accumulation of: 
(a) manganese oxides disseminated in limestone or dolomite (southern U S); (b) of manganese 
silicates in crystalline schists (India, Gold Coast, Brasil); (c) of former manganiferous deposits 
(Butte, Mont). 

Bauxite deposits result fiom special conditions of tropical weathering of aluminous rocks, free 
from quarts, upon old erosion surfaces. Such weathering is lacking in the soils of tempeiate regions. 
Aluminum silicates break down, forming the liauxitc, gibbsite, bochmite and diaspoie; silica and 
iron are removed in solution and bauxite accumulates. Deposits of Arkansas coinc from nepheline 
syenite; those of France and Southern Europe are beds and pockets from limestone impurities; 
tb,,sc of Guiana and Cold Coast are blankets from crystalline schists; those of llussia are trans* 
ported bedded deposits. 

Residual clays result from weathering of aluminotis rocks. They consist of kaoliuite, halloysite. 
Slid impurities. Orthoclasc breaks down to form aluminum silicate, and soluble potassi.um car* 
bonate and silica. The kaolins or i 'lina clays come from pegmatite dikes; other industrial clays, 
from other rocks. 

Other residual products include zinc, tin and nickel ores, kyaniie, barite, phoephates, tripoli, 
and ochers. 

Practical considerations. Search for these deposits must be confined to present or ancient 
erosion surfaces. As they are mostly flat blankets they can be explored by vert drilling or test 
pits. They usually contain impurities, which afiect their value. 


j. Mechanical Concentrations (Placers) 

Placers result from weathering of enclosing rocks or gaugue, releasing valuable sub¬ 
stances wbich are then concentrated by water or air. Sfroain, beach, eluvial, and eolian 
placers are thus formed. For concentration, the ore minerals must be of high sp gr, 
chemically resistant and durable. The common placer substances are Au, Pt, cassiterite, 
magnetite, chromite, ilmenito, native Cu, precious and semi-prccious stones, zircon, 
monazitc, and phosphate. The materials are derived from: (a) commercial lodes (Mother 
Lode) Cal; (h) non-commercial lodes (veinlets of cassiterite); (c) sparsely disseminated 
minerals (l*t grains); (d) rock-forming minerals (magnetite, zircon); (e) former placers. 
The most favorable sites for placers are where weathering is deep and topographic relief 
exists. Stream placers form pay streaks on stream bottoms where swift water slackens, 
as below rapids, canyons, and inside of meandering <-urvea. Pay-streaks may become 
buried by stream meandering, hornier stream placers may bo left as bench gravels or 
BJUH-LBVEL gravels, that have been covered by lavas, and later exposed by stream canyons 
with different coiir«?s. 

Eluvial placers are those formed in regions of deep decay, just below the outcrop of the source 
lodes, whore streams have not worked them (gold and cassiterite). Beach obavels form on sea 
beacbee (gold at Nome, Alaska, and zircon, monazite, and ilnieiiite in India). KouaN placers have 
been concentrated by the wind in Australia. 


k. Oxidation and Supergene Sulphide Enrichment 

When ore deposits are w'eatfaered, surface waters vxidize many minerals and yield 
solvents that dissolve other minerals. Thus, the upper part of a deposit becomes oxi¬ 
dized and leached down to the water table, forming the oxidized zone. The metallic 
content of the down-trickling solutions may be precipitated beneath as sulphides, to form 
the BUPEBGENE BliU'HiDE ZONE. Tho Unaltered lower part is the pbiuaby zone. The 
upper parts are thus impoverished and the lower enriched. Outcrops must be interpreted 
in the light of these changes; if the ore in shallow surface workings is primary, no abrupt 
change may bo expected below; if secondary, lower-grade ore may be expected beneath it. 
Supergene enriched ore may give way beneath to rich primary ore, as at Bisbee, Ariz, 
or to v^ueloBS protore, as at Ray, Ariz. A knowledge of superficial changes and ability to 
recognize secondary ores, and the characteristics of orebodios beneath superfiioal zones, 
are invaluable aids in prospecting, exploration and development. 

Oxidation and soludoa in oxidized zone (G52). On weatoering, most metallic minerala 
are leached or altered to new compounds which require metallurgical treatment different 
from the original materials. Deposits containing sulphides and arsenides are most sus¬ 
ceptible. Water and oxygen act on pyrite to form H 1 SO 4 and FeifSOOt; the latter attacks 
pyrite to form more ferric sulphate, which dissolves Cu, Zn, and Ag, forming soluble 
sulphatea of these metals. In the presence of MnO and NaCl it also dissolves Au. The 
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oxidised zone thus beoomes impoverished in these metals. Some of the iron sulphate 
hydrolyses to limonite, which remains behind and forms a rusty gossan or capping. 

Gossans and cappings are indicators of what lies beneath. Other stains than limonite 
may persist end signify their source minerals. Discovery of gossan warrants exploration. 
Gossans result from massive deposits; cappings from disseminated or porphyry deposits; 
both are called croppings. In croppings, the iron of sulphide derivation may become fixed 
at the site of the original sulphides, forming indioknoub limonite, or be dissolved and 
removed, forming tkanspobted limonite. The former indicates the previous presence of 
Cu; the latter, the lack of it, pyrite predominating. The explanation is that Cu acceler¬ 
ates formation of the insoluble ferric iron, while free acid, yielded by pyrite oxidation, 
tends to keep the Fe in soluble ferrous state, so that it can be transported. Recognition of 
the two types of limonite provides inferences as to character of underlying ore. Indigenous 
limonite occupies the voids vacate<l by sulphides; it is never outside of the voids; its 
structure indicates the kind of predecessor sulphide. It is compact, hard, and has sub¬ 
dued colors. Transported limonite has moved outside of the voids; in presence of 
reacting gauguo it is precipitated as a halo around the void and floods the rock; in inert 
gangues it may move far, forming paints and crusts in cracks. False oossaxs arc formed 
by transported limonite which, distant from its source, has mot precipitating agencies such 
as carbonates. They lack indigenous limonite and do not overlie ore. Copper likewise 
may migrate from its original site and be precipitated by limestone as copper carbonates. 
Such stains are deceptive because they do not overlie ore; they show no voids, no indige¬ 
nous limonite, and no indigenous copper carbonate. 

Inferences as to hidden deposits (6.53). Fobm and size of gossan are iceneraliy the same as 
those of underlying depoeit; s fissure-vein gossan is of obvious shape: irregular rcplaocment or 
contact deposits also give irregidarly shaped gossuiis; sheeted lodes may be indicated by sheeting 
in the gossan. Ttie outline of "porphyry" deposits can be determined by mapping features char¬ 
acteristic of copper in capping. The gossan may be much laiger than original deposit, due to 
“rauBliroom]n<$'' or spilling over of Fe 203 from original sulphide site. CaocciNO minerals, if 
present, gi«u positive clues as to mineral content. Their absence does nut indicate lack of ere 
beneath. Specks of relict sulphides often persist in quartz. iStains of Cu, Mii, Co, Ni and Mo may 
indicate corresponding minerals. Voids, if lacking, indicate alisence of underlying ore; if present, 
their abundance indicates former sulphide abundance, and shape may indicate minerals, as pyrite 
and galen.t cubes, or arsenopyrite spears. Limonite colors arc indicative; seal brown, maroon, 
atik! orange colors indicate Cu; yellows and brick reds, pyrite; deep browns and yellowish browns, 
chalcopynte; orange to chocolate, ohalcocite or galena; tan to brown, sphalerite. Limonite 
srRUCTtRLB (0.53) are quite diagnostic. Indigenous limumte assumes various boxwoik structures, 
as "coarse cellular” indicating chalcopynte; "fine cellular," buimto and chalcopynte; "cellular 
sponge," sphalerite; “relief limonite," chalcocitc. (For fuller description, see Uateman: Economic 
Mineral Deposits, Chap 3). Roex alteration distinguishes primary and supergene metallization. 
Much sericite indicates much primary metallization; if this is highly kaolinized it indicates extensive 
supergene alteration with expectation of sulphide ennciimcnt. 

Factors controlling and limiting oxidation. Lack of oxygen generally occurs at the wafer table, 
but oxidation may extend lower, along fraeturi's in regions of relief; or a rising water table, caused by 
valley fillings, faulting, or change to humid climate, may drown an oxidized zone. Change to arid 
climate inhibits oxidation. If erosion is too rapid, oxidation cannot keep pace; if time is too short, 
oxidation will be limited; cold climate is unfavorable. Permeable rocks aid it; dense rocks retard 
it. Faults deflect, impound, or cause deep oxidation. Oxidation ceases by refrigeration, burial, 
and depletion of oxygen by abundant sulphides. Oxidized zones may become stiaiided above water 
level, as at Bingham, Utah, or drowned beneath it, as at Miami, Ariz, or in Rhodesia. Depth of 
OXIDATION may reach 3 000 ft (Lonely mine). In liumid regions of low relief it is generally shallow; 
with high relief, shallow to medium depth. In glaciated regions, post-glacial oxidation is negligible, 
but in areas protected from deep glacial erosion it may be deep, as at Kennecett, Alaska (2 800 ft). 
In and re.gions it may be very deep under old or mature topography, and shallow under youthful 
topography. 

Ore deposition in oxidized zone. Metallic solutions generated by oxidation may, in 
passing downward, undergo precipitation in the zone of oxidation,and oxidized compounds 
of the metals may thus be deposited toward bottom of the zone. These include car¬ 
bonates, silicates, oxides, or native metals of Cu, Zn, Pb, Ag and others. For example, 
CuS 04 meeting CaCOj yiOlds CuCOs and CaSOi. Modes of precipitation: (a) evapora¬ 
tion AND satubation, j'ielding efflorescences; at Chuquicamata, Chile (654), large 
copper deposits consist of antlerite, brochantite, chalcanthite and krohnkite; (b) oxida¬ 
tion AND HYDRATION, yielding goethite and PbHOz; (c) beautions between solutions 
such as NaCl and AgiSOi, yielding silver chloride; carbonated solutions, by which PbSOi 
is changed to PbCOa, and carbonates of Cu and Zn are formed; also Cu^O, CuO, Cu and 
Ag; Au in FesfSOO* solution is deposited by reduction to FejSO*; (d) bbaction with 
OANOUB OB WALL BUCKS: (Du Solutions with CaCOj yield Cu carbonates; with' colloidal 
silida, chiysocolla; zinc sulphate similarly yields smit^sonite and calamine. 
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0«ner«liaitioii8. Common ore minerals diagnostic of oxidised ores are carbonates, silicates 
and anlphates of Au, Zn and Fe; oxides of Cu, Co. Mo; ebloHdes, iodides, and bromides of Ag; 
and P^ 04 , FbCOa. MnOj and box work limonite. Native Au, Ag, and Cu may be of oxidation or of 
bypogene origin. If given ores are oxidized, it follows that: (n) sueh ores will change in character 
in depth; (b) tenor will change in depth; (c) oxidised ores will superficial; (d) metallurgy devised 
for oxidised ores will not apply to underlying ores; (e) extraction plans should be deferred Until 
volume of ore is delimited; </) future life of a mine generally depends upon what lies beneath the 
oxadised ores. 

Supergene sulphide enrichment. Metals in solution that escape capture in the 
oxidized zone trickle down to where there is no available oxygen (generally the water 
table), and there undergo deposition as supergenc sulphides, forming the zone of secondary 
enrichment. Progressive erosion allows deeper oxidation, releasing more metals to be 
added below. Rich primary ores are made richer, valueless protore is made commercial. 
Primary ore may lie enriched to 10 times its original metal content. The process applies 
chiefly to copper and silver ores. 

Requirements for supergene sulphide enrichment: (a) preceding favorable oxidation; (b) 
downward moving erosion surface and water table; (c) sufficient time; (d) primary minerals that, 
upon oxidation, yield enough FF 2 (S 04 )t and HjSOi, ns pyrite will, but chalcopyrite will not; (e) pri¬ 
mary minerals susceptible of undergoing supergene. sulphide enrichment, os Cu and Ag will, but 
Pb and Zn will not; (/} permeability of deposit or host rock; (s) absence of precipitants in oxidized 
zone (in limestone, Cu is fixed as carbonate and no supergene sulphides can form); (b) zone of no 
available oxygen; (t) underlying precipitants in form of sulphides, etc, because supergene sulphides 
are deposited only by reaction with them, and not on quartz, etc. If underlying precipitants are 
lacking, no supergene enrichment occurs. 

Mode of precipitation. A metal in sulphate solution is precipitated by one of lower 
solubility than itself. The relative solubilities of common sulphides, the least soluble 
first, are: Hg, Ag, Cm, Hi, Pb, Sb, Zn, Ni, Co, Fe, Mn. Thus, Cu will be precipitated by 
any below it, but by none above; Mn is not precipitated by any of the group. This 
explains the commonne.ss of supergene sulphide zones of Cu and Ag and lack of Mn; 
Zn should form such zones but does not; Ni may do so, but most deposits are in glaciated 
regions. Deposition is bv replacement of the primary sulphides. Some reactions are: 
CUSO 4 + ZnS = CuS + ZnS 04 : 14 CUSO 4 + 5 FeS 2 + 12 H 2 O = 7 CuiS + 5 FeS 04 + 
12 H 2 S 04 ; C:uS 04 + CuFeS 2 = 2 CuS + FeS 04 : Ag 2 S 04 + ZnS = Ag..S + ZnS 04 . Thus, 
a gossan ebntaining evidences of Cu should, under favorable erosioual and climatic con¬ 
ditions, have an underlying enriched zone. 

Degree of enrichment. Incipient enrichment, characterized by thin coatings or. 
microscopic veinlets of supergene sulphides, indicates weak enrichment or the bottom of 
the enriched zone. Pahtial enrichment is where about half the primary minerals are 
replaced. Complete enrichment (rare) is where primary minerals aic largely replaced. 
Residual nuclei, how’ever, indicate character of primary ores. Selective enrichment, 
where only certain selected minerals or grains are replaced, indicates weakness or bottom 
of zone. Pervasive enrichment is where all primary sulphides, grains and veinlets are 
replaced, indicating eigorous enrichment. 

Factors influencing enrichment: (a) Water level generally controls the top of en¬ 
richment, which in turn conforms to topography at time of enrichment (660). Enrich¬ 
ment rarely occurs above the water table but extends hundreds of feet below it. .V 
sinking water table favors completeness; a rising one stops it. (h) Host rocks must 
not bo reactive; carbonate rocks inhibit enrichment; fractured, friable, permeable ones 
favor it. (c) Faults, if enclosed and impervious, protect underlying ores from en¬ 
richment; they also conduct enriching solutions deep into primary zone, (d) Topoq- 
BAPHY. Tops of enriched zones controlled by water level conform to the then ex¬ 
isting topography. Most zones are out'of adjustment with present topography. At 
Morcnci, Ariz, enriched zone is related to earlier mature topography, but recent uplift 
caused canyon-cutting too fast for enrichment to keep apace. Enriched zone may be 
related to older topography buried beneath lavas and favorable for exploration, (e) Rate 
OF ERO.SION. Most favorable conditions for rich, thick, enriched zones are equal rate of 
oxidation and lowering by erosion, the two continually progressing downward. Too 
rapid erosion outs through the enriched zone; if slow, the zone is thin. (/) Tims op 
EXPOSURE TO WEATHERING must be great enough to provide thick zones; post-glacial 
time is too short, (i) Presence of minerals tieloino solvents is essential, as iron 
sulphides; lacking these, solvents for metals are not generated. 

Cessation of enrichment ia caitsed by; (a) burial beneath thick zediments or lavas, as United. 
Verde Ext, Ariz; (b) submergence beneath water level; (c) change of climate from (1) humid to. 
rainless, (2) semi-orid to humid, thus raising water table near surface; (3) temperate to edd, causing; 
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refrigeration of water lev*!, aa Alaaka, Siberia; (d) bottoming of ore^ («} oomidete enriehment, 
by wbioh praotically all acid-yielding yellow edlphidea (pyiite, pyrrhotite, dialoopyrite} have been 
converted to supergene enlphides; further oxidation then on|y converts secondary chalcooite into 
copper carbonate, aa in part of Inspiration deposit, Aris. Tbxcknsss or ■mrichxd sonm attains 
hundreds of feet; 3—8 ft at Ducktown, Tenn, 150-400 ft at Ray, Aria, 450 ft at Magma, Aris, 1 400 ft 
at Bingham, Utah. At United Verde £xt mine, Jerome, Axis, is a fossil-enriched sone 400 ft thick 
overlain by 45u ft of oxidised sone, the latter buried under 750 ft of sedimentariea and lavas. 

Recognition of supergene enriched deposits is essential to intelligent exploration and 
development, to determine what part of enriched zone is revealed, expectable ore above or 
below, and tenor and character of primary ore in depth. Criteria are; Zoninq. The 
3 zonc|S, oxide, supergene sulphide, and primary, are characteristic. Supergene zones must 
be distinguished from primaiy' enriched zones; former show abrupt mineralogic changes 
and are generally related to a recent topography, but latter could have a topographio 
relation to surface existing at time of first metallization. Gossans. Enriched ores gen¬ 
erally leave some evidence in the gossan, such as rock alteration, stains, and character of 
limonite boxwork previously discussed. Ekosion must have been sufficient to release 

enough metal to produce enrich¬ 
ment. District habit is also 
helpful. Minehaloot. Sooty 
chalcocite is the only diagnostic 
mineral. Other minerals, as chal¬ 
cocite, envcllite, or argentite, are 
common but also occur under 
primaiy conditions; however, if 
associated with kaolin or oUier 
supergene products they become 
diagnostic. In general, chalcocite. 
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Fig 37 

covellite, or argentite in abundance 
in upper part of sulphide zone, but 
diminishing with depth, is a safe 
indication. For other minerals see 
adjoining Table. Cubvbh. Curves 
of copper assays against depth from 
drill holes (Fig 37) are character¬ 
istic, If curves of Fe or S content 
are superimposed, these cross the 
Cu curve at top and bottom of 
enriched zona. Michosoopio cri¬ 
teria are generally conclusive. 
Texture of supergene Blulphides is characteristic. Also, the microscope will reveal if 
supergene sulphides have replaced only FoS«, indicating lean pyrite protore beneath; if 
they replace abundant galena, bomite, and chaicopyiite, commercial primaiy ores may 
be expected. 




Common Indicative Ore Minerals 


Minerals 
generally of 
primary 
origin 


Minerals usu¬ 
ally of sec¬ 
ondary (sul¬ 
phide) enrich¬ 
ment origin 


Minerals usu¬ 
ally originating 
in oxidised 


Chalcopyrite 

Bornite 


Chalcocite 

CoveJlite 


Copper •Liniirgitc u , 

^Tetrohedrite chal- 

♦Tennantite 


Native copper 
’''jM.alachite 
♦Asurite 
♦Brochantite 
Antlerile 
♦Atacamite 
•Clirysocolla 
*(’uprite 
"“Tciionte 


Native Sliver 
Argentite 

♦Tetrshedrite Py''‘rgyrite *Cerar^te 
Silver *Tennantite \ *Embohte 

btephanite *Bromynte 
Poiybasite 
Pearceite 


Native gold 
Gold tellurides 


Native geld Native gold 


•Sphalerite 

Willeniite 


Lead Galena 


Wurtzite 


•Siiiitbsoiiite 

•Calamine 

•Hydrozincite 

•Cerusstta 

•Anglesite 

•Pyromorphite 

Leadhillite 


Pyrite 

Marcasite 

•Pyrrhotite 

•Areenopyrite 

Magnetite 

Hematite 

•Spoculurito 

Siderito 


Maroosite 


♦Goethitc 
•Iron Hulphatus 
Hematite 


* Invariably primary, secondary, ir oxidized, accord¬ 
ing to column in which name of m neiol appears. 
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L Metamoiphism 

Effect of metsmorphism ia two-fold; it produces commercial deposits and profoundly 
alters earlier ones. Those produced are non-metallics, formed by recombinations or 
recrystallisation of rock minerals, and include asbestos, graphite, talc and soapstone, 
sUlimanite and kyanite, emery and garnet. Metamorphism of earlier deposits produces 
physical rather than compositional changes; ores are made gneissic, particularly those 
containing galena, which flows readily under pressure; texture becomes streaked, banded, 
indiscriminate, and mineral content may be obscured. 

Asbestos results from hydrothermal metamorphism of various rooks. The high-grade chrysotile 
varieties are the fibrous form of serpentine, altered from peridotite, serpentine (Quebec) or highly 
magnesian limestones (Sierra Aucha, Aris). The commercial amphibole varieties, crooidolite and 
amosite, occur in banded ironstones in Africa; anthophyllite is mined in N America; asbestos occur 
as cross, slip, and mass fiber, in narrow veinlets, separated from the rock muss after mining. 

Graphite occurs disseminated in marbles, schists, gneisses, quartsites, and metamorphosed coal 
beds (a non-inetamorphic occurrence is in pegmatite dikes). It is carbonaceous matter, formerly 
present, which has been recrystallised and segregated into pure carbon flakes. The rock mass is 
mined as a whole and the graphite extracted. 

Talc and soapstone of commerce occur as masses aasociated with ultra-basic igneoiu rooks 
(peridotite, dunite), or as lenses in carbonate rocks. It is derived by hydrothermal alteration of 
highly magnesian rooks. Talc lenses are mined separately; soapstone masses, quarried, and com¬ 
mercial slabs sawn from large blocks. 

Emery is a mixture of magnetite and corundum, with some hematite or spinel; ooours in pod-like 
lenses in schists or marbles, and results from metamorphism or contact-metamorpbism. 

Garnets for abrasives (chiefly almandite) occur disseminated id metamorphic rocks and result 
from metamorphism of aluminum silicates containing h'e, Ca, Mg, Mn, or Cu. Garnet rocks also 
yield placen of garnet. Adirondack deposits in gneiss contain 7-8% garnet. 

Aadalusite, sillimaiute, kyanite, and dumortiorite, used os refractories, also result from meta¬ 
morphism of rocks. 


4. PROSPECTING METHODS 

Surface methods: tracing float, tracing by panning, trenching and test-pitting. Search 
for mineral that does not outcrop and lies at considerable depth is done by geophysical 
methods (Sec lOA), boring (Art 7), or shaft-sinking (Art 12; also Sec 7, 8, 9). Methods 
are varied and combined to suit local conditions or fancy of the prospector. 

Tracing float (Cornish, “ sheading ’’). Pieces of ore (float) are broken from outcrops 
by processes of erosion, and gradually work their way downhill into streams, where they 
may be carried long distances. The prospector finding float on a hillside, or in a gulch 
or stream, tries to follow it back to its source. A rough idea of the distance which float 
has traveled is gained from the size and abundance of pieces, and their roughness or water- 
worn condition. 

Many outcrops which are the source of float are concealed by a covering of soil. In 
such cases, at some point below the outcrop the float disappears, or “ goes down." Trenches 
or tost pits are used to follow float farther. The distance between soil-covered outcrops 
and the point at which float goes down varies with depth of cover, topography, and 
climate. On flat slopes (6%) in desert regions of southwest U S, float has been found 
on the surface within a few feet of outcrops covered with 1 to 2 ft of soil. Two deposits of 
chromite in Md, in flat, unglaciated country, were found directly under strong surface 
showings of float. In Marysville district, Mont, at one point float went down on a hillrade 
and was followed by pits for 500 ft before finding the outcrop; bedrock was 10 ft to 12 ft 
below surface. In the far north, where freezing and thawing have gone on a long time, the 
" creep ” on the hillsides is great, and float may be foiyid far from the outcrop. Practi¬ 
cally no importance attaches to the sporadic occurrence of valuable mineral in glacial drift. 

In general, tracing float is applicable only in searching for ores tough enough to escape 
disintegration by erosion. Gold-quartz, or pyritic ores with siliceous gangue, in particular, 
yield float which is resistant and easily recognized. The value of. and results from, the 
method depend largely on the personal equation of the prospector. Knowledge of ore, 
keen observation, physical strength; and unending patience are essentials. Most pros¬ 
pectors use the pan or horn spoon to estimate the content and value of float, largely 
because of expense and inconvenience of obtaining assays. The U S Geol Survey, the 
Bur of Mines, and mining bureaus of most western States will identify specimens by visual 
inspection free of charge. Some State bureaus make assays at reduced prices; free in 
Alaska, and to licensed prospectors in some Canadian Provinces. Oregon allows 2 free 
assays per mo to its own residents, but requires full disclosure (with privilege of publish- 
''ng) as to source of each sample. 
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Tracing by panning (also called " trsfcing ” in western U S, and “ loaming " in Austraa 
lia). This, like tracing float, is baaed on recognition of the results of erosion. 'Weatheiv 
ing releases small pieces of metal and minerals from outcrops, and these migrate downhill 
as do larger pieces of float. * 

Fig 38 shows an orebody outcropping under a soil cover, and the usual position of flbat 
metal or sulphides derived from it by erosion. In a new district, the prospector works 
along the bottom of hillsides at an elevation (A) sufiicient to avoid the debris brought into 
the gulch from upstream points. Samples of the top 2 or 3 in of soil are panned. If 
specks of metal or sulphides are found, panning is continued uphill until the trace goes 
down at B; then trenches or test pits are dug. The placer miner’s pan, or a frying pan 
4 to 6 in diam, is used for panning. In practiced hands the latter gives accurate results, 
and is better where water is scanty. Float found in connection with this work should be 
crushed and panned as an aid in determining the source of “ traces." This method waa 

developed by "pocket hunters," and has been used 
chiefly in prospecting for gold, which is tmaltered by 
weathering and easily recognised in the pan, even when 
present in minute particles ("colors"). It was used in 
Nevada, 1909, to find a concealed outcrop of a very soft 
vein of cinnabar, first trace found about 700 ft from 
outcrop. At Pamlico mine, near Hawthorne, Nev (485), 
gold colors were traced by panning at points along 10* 
or 20-ft contours. Limits of traces on each contour were 
marked with stakes. Resultant lines of stakes converged sharply to pockets; more grad¬ 
ually to ends of oreshoots. As in tracing float, correct interpretation of results requires 
geological knowledge. (See Art 5.) 

Trenches (Cornish, " costeaning" ditches), for prospecting and exploration, are 
confined to shallow soil; economic limit of dexjth, 6-7 ft, or about as far as a man can cast 
from a trench with a shovel. Best applied in drift or alhivium, not over 3-4 ft deep. 
Trenches are usually run at right angles to the formation or the supposed strike of orebody. 
Prospectors use trenches to follow float or traces under cover. Useless to carry trenches 
to bedrock, so long as float is found. 

The results of tracing close to an orebody are often indefinite, giving no indications of the strike 
of the outcrop sought. In such eases, several trenches at right-angles to one another are better 
than a single trench or a series of parallel ones, which may parallel the outcrop and not uncover it. 
Surface prospecting on property adjacent to developed orebudies is done by a series of parallel 
trenches at right angles to the strike of the known deposits. This work will uncover outcrops of 
parallel orebodira if they exist (Art 4, 6, 6). In districts where orebodies have no general trend, such 
prospecting should be done with 2 sets of parallel trenches at right-angles to each other; their 
distance apart is from 50 ft to 500 ft, depending on size of known orebodies in the vicinity. 

Cross-section of trenches should l)e as small as possible; it depends on their depth and 
purpose. In soil 1 to 1.5 ft deep, trenches can be 12 to 14 in wide at bottom and 18 to 21 in 
wide at top; fur depths of 2 to 2.5 ft, the minimum bottom width is about 15 in, width 
at top about 20 in, varying with character of the soil. These dimensions are satisfactory 
in following float, but are too small if detailed examination of bedrock is necessary, or 
if any of the liedrock is to be shot out. In such cases, minimum bottom width is between 
2 and 3 ft for trenches 3 ft deep, increasing with depth of soil. In trenches on suopino 
caouND, work should begin at their lowest point and nm uphill, so that they will bo self- 
draining. This is important in frozen ground and tundra of the far north, where there is 
constant seepage into excavations, due to thawing on exposure to the air. (See Se-; 3.) 
F or systematic surface trenching and examples of cost, see Art 6. 

Cost per cu yd for makrow TRisNcaES less than 6 ft deep is determined more by char¬ 
acter of the .soil than by any other factor. Duty of men picking and shoveling in trenching 
varies from 3 to 10 ou yd per 10-hr man-day; aver, 4 to 5 cu yd. The rate is lower in pros¬ 
pecting work, where much time is spent in examining float and b<>drock. Where weather* 
ing has been intense, trenches often extend 2 to 3 ft into the decomposed surface rocks. As 
relative amounts of picking and blasting ground are very variable, no accurate estimates 
of speed and cost are possible. Wot ground retards progress and makes examination of 
bedrock ‘difficult. 

Test pits (small shafts) are used in alluvium too deep for trenches. Their field is in 
material free from large brtulders and water, and requiring little or no timbering. They 
are applicable for depths to 100 ft; for over 30 to 50 ft, and, in general, in water-bearing 
ground, they may be less suitable than boring methods (Art 7; also Sec 9). In deep soil, a 
test pit is sunk above the point at which float or traces go down (B, Fig 38). If float is 
found, or if panning shows mineral, the outcrop lies higher; the pit is abandoned and a 
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iKiw one started above. Hue process is r^;>eated until outerops are found m tbe proa* 
peotor is diseourased. 

If character of soil permits, small drifts can be driven from the bottom of a test pit, and 
float be followed oir bedrock. This cheapens Uie last stages of such work, especially in 
deep ground. Test pits are fot so satisfactory as trenches; they expose only a small area 
of bedrock and may miss outcrops of narrow and irregular veins. This objection does not 
hold for large, flat orebodies; in prospecting for these, test pits are located with reference 
to known ore on adjacent property, or systematioally, or at random. (For principles, see 
Locating drill holes, Art 7.) 

Cross-section of test pits may be circular, elliptical, or rectangular. Diam of circular 
pits is 30 to 36 in; elliptical pits are 36 to 42 in long by about 28 in wide; rectangular pits 
are rarely smaller than 4 by 4 ft or 4 by 5 ft. In point of cost and speed, small circular 
pits are preferable to rectangular; the amoimt of material to be excavated and hoisted 
from a 36-in circular pit is about 0.35 of that from a 4 by 5-ft rectangular pit. Circular 
or elliptical pits are excavated with a ^ort-bandled pick and shovel; the workman 
straddles the handle. A windlass is used for hoisting. Galvanized-iron water pails make 
good buckets for small pits; ordinary windlass buckets are better for larger rectangular 
pits, 2 buckets or pails being provided for each windlass. A 0.25-in wire rope should be 
used instead of a hemp rope in small pits over 30 ft deep; at greater depths, the travel of a 
hemp rope across the windlass barrel is apt to throw the bucket against the walls and dis¬ 
lodge loose material. Objections to circular or elliptical pits, which frequently preclude 
their use: (a) require labor trained and willing to work in an awkward position; (5) no 
room for drilling and blasting, if boulders are met; (c) practically impossible to timber 
them, whereas in rectangular pits a soft stratum can be close cribbed cheaply with plank. 
Crew on either kind of pit consists of 2 men, one digging, the other on the windlass. 

Examples of test-pitting. For brown hematite in Georqia and Aia.bama; round test 
pits, 30 to 36-in diam; depth, to 50 ft; in ordinary unconsolidated material, 2 men sank 
10 ft per day (5). In LsHicn Vallet, Penn, 2 men sank 30 to 36-in pits to depths of 
50 ft at 20 to 80 ft per day (8). In Nevada, the author sank 40 by 29-in eUiptical pits, 
with Chinese labor, in easy gravel, at 20 ft per 12-hr day for flrst 40 ft. Below 40 ft, gravel 
was hard and clayey. Aver speed for depth of 100 ft was about 6 ft per 12-hr shift (con¬ 
tract work). Under same conditions, white labor on day's pay avorag^ 2 to 3 ft per 12-hr 
shift in test pits of 4 by 5 ft cross-sec. In another locality, the author sank 11 rectangular 
test pits; aver cross-sec, 4.1 by 4.7 ft; aver depth, 7.5 ft; material, very hard clayey gravd 
overlain by 6 in loam; deepest pit, 10 ft; no windlasses used; labor, 161 man-hr; aver 
speed, 0.61 ft per hr. 

E. D. Gardner and C. H. Johnson (18) quote following examples of test pitting in allutiaIi 
aRAVBi.8; Near Skull Valley, Ariz, in 1932, Mexican laborers at $3 per day sank 5 pits por man-shift, 
averaging 2 ft wide, 3 or 4 ft long, 3.6 ft deep, in fairly fine, loose gravel; cost about G5^ per cu yd. 
On Bear Gulch, Mont, 3 men at t3.60, in 1932, averaged 6 ft per day of 4 by 6-ft shaft, eribbed solid 
with A-in round timber, through fine, loose gravel free from water; cost, 93 per ft to 32-ft depth. 
On Sauerkraut Creek, Lincoln diet, Mont, one man sank a 4 by 6-ft, sohdly cribbed shaft 30 ft 
through dry, loose, hillside wash and moderately firm gravel in 10 days. In Pioneer diet, Mont, 
in 1932, four men contracted to sink 1 (XX) ft of shafts, averaging 36 ft deep (range, 10-65 ft) for 
tl per ft. Gravel, moderately fine and free from boulders, stood unsupported except for a few ft 
through surface layer of hydraulic tailings, which was cribbed 4 by 4 ft; below this, shafts were 
circular, 4.5-ft diam. Working in pain, and long shifte, men averaged 93.60 per day. Under 
favorable conditions, 2 men could sink 10 ft per day. Groove sampling was done later. Shafts 
were spaced 400 ft, or one to 3.6 acres; cost per acre, about 910 for sinking and 94 for sampling. 
On Gold Gulch, near Bowie, Ariz, about 200 pits were sunk in 1932-33 through 3-30 ft of dry placer 
ground, consisting of surface layer up to 3 ft of clay soil, 1-6 ft of lime-cemented gravel, with bottom 
bed of tight, angular gravel, containing large percentage of coarse rock and boulders up to 3 diam. 
Surface pita, 4 or 5 ft wide and about 6 ft deep, were dug by gasolene shovel at 20.6^ per vert ft. 
In bottom of each, a pit 2.6 by 4.6 ft was eunk by band to bedrock at contract price df 76^ per ft, 
to 9 ft below bottom of ehovel cut, and 91.60 per ft thereafter. No timbering, Uttle blasting, no 
water. Some contractors earned 96 per 8-br shift. Groove sampling was done later. On Quarts 
Creek, near lUvuiet, Mont, in 1932, two men sank 6 by 7-ft shaft, closely eribbed, through 12 ft of 
fine gravel with few boulders too large to handle, in 6 days. Strong flow of water at that depth 
was pumped by primitive means, and remaining 6 ft to bedrock required 9 days longer; totals 
30 8-hr man-ebifte to sink 18 ft. Subsequent 6 by 6-ft cribbed shafts were sunk under same condi¬ 
tions by same men to 18 ft at 2 ft per day. 

For other details see Art 6: also Sec 3. For use of test pits in systematic surface 
cxifloration, see Art 6. 

Hydraulic prospecting. Water, where available, is a great aid in stripping off soil for 
dose prospecting of bedrock. Sometimes a small stream can be led by a ditch onto s 
hiUaidB above the area to be prospected. By breaking into tbe ditch, water can be made 
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to flow QVtit any desired section of ground, and oa$s a .tmieh to lyedxOok, A iwries of 
trenehea can thus be excavated. ' 

f , » > 

Boentinc or husUag. Where water is ecsBty, smetTreoervoirs are duB^on A-hillside. When 
reservoir is full, the water is released, and Wishing 4a,wa the hillside stripe off turfaoe soil. Proeess 
is repeated, if necessary, until bedrock is otean. Reservoirs may besprovided with automatie gates. 
In other places, a small quantity of water is kept running down a hillside; the soil, loosened by picks, 
is washed away. Large duties per man-day are t^us Obtained. 

Shallow surface cover ie sometimes oomplhtely stripped from large areas by bydraulicking with a 
nossle (Art 6). M. Sheppard in 1938 gives details of hydraulic stripping of a quarry site, where deeply 
channelled top of limestone was covered by totigh clay to (mas 10 ft) aver depth of 3 ft (9). Water 
was pumped by 4-8tage centrifugal puiicU) from a river 300 ft below, and discharged through 1-in and 
3 / 4 -in nozxlee. In 2 465 hr during.4 winter months, 8 300 ru yd was removed at 81.16 per yd (exclud¬ 
ing Bupt and general), of which,; power, 39^; labor (17 240 man-hr) 64^; supplies, repaire, 13^ 

Drivepipes have a limited use in soft soil free from stones (Sec 9). Pipes are 1 to 2 in 
diam. Fig 39 shows bottom length of pii>e. The end is filed to a cutting 
edge, and has a slot A, about 0.2o in wide, in one side; this aids in grip¬ 
ping the soil and facilitates cleaning the pipe. Depending on depth'and 
character of soil, the pipe may be churned down by hand, or driven with 
a maul, or a weight and tackle from a tripod. Upper end of pipe is pro¬ 
tected by a i!ap while driving; a shoe is used on lower end in stony soil; 
short lengths of pipe are screwed on as the hole deeixjns. The pipe is pulled 
every 1 to 2 ft and contents examined. The method is cheap and gives a 
sample section of the ground passed through. If soil is underlain by soft 
or distinctively colored mineral, drivepipes can be used to outline its 
area. For small diam pipes, limit of depth is usually 15 to 20 ft. 

Piercing (or probing). Pointed .steel rods are used in search for minerals 
lying at shallow depths in or under soil. The mineral sought is either 
miirh harder or softer than surrounding materia*, or possossos a charac¬ 
teristic color. Pointed bars are also used, as in Nor Quebec, merely to 
ascertain depth to bedrock, preparatory to trenching. 

In southeastern Alaska, rods have been used to locate quarts veins covered by 2 or 3 ft of mose 
and humus. First quarts was found in the roots of un overturned tree. The “feel” and sharp 
clink of the rod against quarts distinguished it from the softer country rock. In Butler and Cren¬ 
shaw counties, Ala, scattered lumps of brown iron ore, imbedded 3 or 4 ft deep in sandy soil, are 
located in same manner (15). Foster (10) gives following instances of the use of piercing; in 
France for buhrstoncs lying nt depths of 10 to 18 ft in soft sand and clay; on the Isle of Man for 
ehallow pockets of soft umber e.isily penetrated by the rod; in the Furness district, England, for 
hematite, under 6 to 8 ft of soil (detected by color); in South Carolina, for phosphate nodules, to 
depths of 15 ft in sand and clay. In Burma, bamboo rods are similarly used to ascertain the depth 
through clay to underlying gem-beariiig gravels. 

Sounding is the name given to ” unique method of prospecting for phosphates on the Cooeau 
River, S C. Phosphate rock occurs in irregular patches in the river bed, and is mined by dredging. 
Sounding is done from a boat by dragging a bottle filled aith water along the bottom. A string is 
tied around the neck of the bottle, and a cardboard diaphragm attached to the free end ie held against 
the ear, or the sounder holds the end of the str.ng in his ear with bis finger. On finding a deposit, 
floats are set to show its outline and guide the dredge (11). 

Vegetation sometimes grows thickly along outcrops of one geological formation and 
sparsely on another, thus aiding in working out geological structure, or in limiting areas 
favorable or unfavorable to ore occurrence. At Cripple Creek, quaking aspens favor 
areas of tuff and breccia; fir trees grow on granite. In the Leucite Hills, Wyo, along 
outcrops of potash-bearing dikes, there is a noticeably rank growth of sage brush. In 
places in the southern Appalachians, the vegetation corresponds to underlsdng strata 
(12, 502). Recognition of geological structure from the air, even to very small details, ia 
facilitated by habits of vegetation, particularly in semi-arid regions (647). Sec 17, Art 26. 

Bnirowliif anliiials,^ woodchucks, prairie dogs, gophers, badgers, also ants, sometimes aid the 
proepector by the debris they throw out when digging holes. Such material ie examined for float, 
or panned for gold colors or specks of ore minerals (479). 

Divining rod is still believed by credulous persona to be efficacious for finding water 
and min^al (13, 14). 

Electroscope. Radio-active minerals have the power of discharging an electroscope; 
under suitable conditions the rate of discharge is proportional to amount of radio-active 
subetanee in the mineral. Electroscope is used by engineers and prospectors to detect 
radio-activity, and for quantitative tests. Radium is obtained solely from uranium ores, 
the amount of radium baring a constant relation to amount of uranium present; normally 
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1 unit immiimi ia'acocnapaiiied by 3.3 X 10~^ units of I'ndium. Thoritun oompounds 
and jjtiinerala alio discharge an c^jarosoope. 

Fig 40 ebom a simide 9 lA)traiBoop«,^aggested by B. B. Boltwood, arhich can be made in 
the field. It obnsUfts of a 5-cent pijeoe, a quarter^dolUr, or^an iron arasber A; a drop of 
sealing wax or eaddle grease Q\ im upright B mad^rom a piece of tin 0.2 in wide (or a 6d 
or 8d wire nail flattened at^Js); and the leaf D. Iqe latter may be a piece of aluminum 
leaf,‘ldk>Ut 0.1 in wide, obtainable from any dealer in painter’s supplies, or thin tissue 
paper, bo^ sides of wldch have been coateci with graphite by rubbing with a soft pencil. 
Leaf is attached to upright with mucilage or* flour paste. Bottom of upright B must 
be insulated from base A by a layer of sealing wax; ^e wax must 
not be touched with the fingers after it is in place. A' cover protects 
the apparatus from air currents; fur the dimensions shown in Fig 40 
an ordinary glass tumbler placed bottom upward will served Electro¬ 
scope is charged by touching the upright with a piece of hard rub¬ 
ber (a fountain pen), or scaling wax, which has been electrified by 
rubbing on one's hair or sleeve. A protractor drawn on cardboard, 
so that its center point is at saire height above base A as the point 
E, is placed behind the tumbler and the angle read between leaf and 
upright. Readings are repeated at regular intervals to determine rate 
at which electroscope wiU discharge itself by leakage. The mineral 
to be tested is placed inside the tumbler; radio-activity is proved by j>ig 4 o" Eiectroacope 
a rate of discharge faster than that due to natural loss of charge. 

This crude electroscope gives surprisingly accurate quantitative results if handled care¬ 
fully. Table 1 shows results of tests by H. G. Mead under author’.s direction, on a series 
of samples prepared by mixing pitchblende (35.7% U) with inert materiad in proper 
proportions to give samples containing 2, 5, 10, 15, and 25% U. Samples were crushed 
through 20 mesh and placed next to base of electroscope in a small pill box. Same sise of 
box was used for all samples, each being filled level full, and placed in same position with 
respect to electroscope. Rate of discharge was determined as aixtve, corrected for natural 
leakage, and net rate of discharge computed in degrees per min per % U. Max errors for 
paper and aluminum leaves were 0.7% and 1.9% U respectively. Aluminum leaf is much 
more sensitive than paper, and requires greater skill and patience in manipulation. 
Scrupulous care is necessary to avoid salting the containers used. For quantitative work 
a small sample of known uranium content is required to standardize the electroscope; 
unknown samples may then be tested. 



Table 1. Tests for Radio-actiTity by Electroscope 
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Ml 
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0.46 
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0.45 

0.23 

5 


0.0105 
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0.0654 

1.04 

0.007 

1.03 

0.21 

10 


0.0105 

kkS 

0.0612 


0.007 

2.60 

0.24 

15 


0.0105 

0.954 

0.0636 


0.007 

2 99 

0.20 

25 

1.710 

0.0105 

1.699 

0 0680 

5.00 

0.007 

4.99 

0.20 

Aver.. . 




0.0667 




0.216 


An outfit for testing ores for radio-activity is made by the Denver Fire Clay Co. Denver, 
Colo; price, in 1938, about $110. 


Flnoreacence. A few tninerala, notably willemite, aeheelite and fluonpar, become fluorescent 
when subjected to ultra-violet light, aa is emitted by an arc of either high or low intensity between 
iron olectrodea, or by mercury-vapor lamp; leas vigorously by an argon lamp. Principle hae been 
satisfactorily applied in exploration and development of aeheelite mines in Nev and Calif, using 
portable apparatus which usually requires 110-v alternating current. Such equipment is supplied 
by: H. T. Strong. Chatham, N J (“Fluorospark” lamp, with quarts lenaes for focusing the beam, 
9100); RAM Mfg Co, Pasadena, Calif (mereury-vapor lamp, adaptable to dry cells, 932.60); 
Stroblits Co, 36 W 62d St, N Y (a “black-bulb” lamp, illaminating a eircls 6 ft diam at 3 ft distance, 
915). Prioee are aa of 1938. ffince each mineral responds moat actively to wave lengths within 
a certain range, character of the light is more important than its intensity. For soientifio prineiplea 
and some practical applications, sse Bib (88). 
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Geophysical prospecting methods include grB\'imetric, magnetic,. deotrical, seiamio, 
temperature, radio-active, and micr^aa aurveys. See Sec lOA for underlying principles, 
applicabilities and limitations, and interpretation of observations. 

Methods have developed rapidly in. recent years, and are used with snccess in many 
localities. They are not \uuversally applicable or successful, and in considering their uso 
the following observations should be borne,in mind: (a) Methods (with possible exception 
of simple dip-needle survey) are too expensive to apply to " wildcatting”; better devoted 
to exploration for deposits whose presence has been indicated by other prospecting meth¬ 
ods, or whose existence and probable form are reasonably suspected from geological evi¬ 
dence, such as extensions of known deposits, parallel orebodies in same formation, or 
deposits known to occur only in certain geological relations, (b) Any geophysical survey 
should be made under direction or cooperation of a geologist acquainted with formations, 
structures, 'and character of deposits in the locality, (c) Method must be appropriate to 
the particular deposit; no single method is applicable to all conditions, and where 2 or 
more methods might l)e applied to a given deposit, they may differ in reliability, speed, 
and cost, (d) Other conditions causing physical effects similar to those expected from the 
investigated deposit mu.st be absent. Examples: graphitic zones or water-bearing selvages 
among metalliferous bodies explored by earth-resistance; disseminations of magneti i in 
wall rocks of chrome-ore lenses surveyed magnetically, (e) Most geophysical methods 
require expensive and delicate equipment, operated by trained per.sonnc]. Much work 
has been done for mining companies by contracting firms specializing in this business. 
Magnetic surveys, however, even with mosb refined instruments, can be conducted satis¬ 
factorily by usual mine engineering staff. (/} No method can do more than indicate 
existence of a deposit capable of affording the observ'od effects. Such a deposit may or 
may not contain profitable amounts of metal. Examples: copper or nickel in pyrite or 
pyrrhotite; gold with magnetite in a buried liver channel, (g) Where 2 methods are 
applicable, both should be empfoyed, since each may best disclose certain features. A 
magnetic survey for precise work should explore both vert and horiz components of the 
field, (h) Some deposits, as sphalerite and fluorite, not readily responsive to any geo¬ 
physical method, have lieen found by tracing faults or iiurous areas of rock with which 
such deposits were known to be associated, such geological features being fairly easily indi¬ 
cated by appropriate clectiical methods (3o4). For details see Sec lOA. 

6. SYSTEMATIC SURFACE EXPLORATION 

Value of thorough surface exploration is apt to be underestimated. It furnishes 
information which may either discourage further effort, or permit intelligent planning of 
subsequent work. Where feasible, it is an essential preliminary to underground explor¬ 
ation. It prevents overlooking important exposures, and secures a large amount of infor¬ 
mation with a smaller total footage of openings than haphazard work. 

Factors involved are as follows (see also Art 12): Surface work can lie done at much 
less COST and greater speku than underground work; from this standpoint its feasibility 
should always be considered because of the high risk of opening unproved orebodies. 
Type of ohebody and depth of scrface soil are related factors, ('ost of surface work 
increases rapidly with depth of cover. Trenching at close intervals, or complete stripping, 
is necessary to find and follow short, narrow, irregular veins on the surface. In general, 
these operations are not feasible where average depth of soil exceeds 2 to 3 ft (see Art 4 and 
Cobalt, .Vrt 6). Outcrops of wide veins, lieds, and masses are cheaply explored by trench¬ 
ing, where soil is not over 6 to 7 ft deep. Necessity for continuous openings, ns trenches, 
decreases as the size and uniformity of the orcbody increases; test pits give adequate 
data respecting size, shape, and value of large uniform orebodies, and in dry surface drift 
are feasible to depths of 30 to 50 ft or more. Deep wet alluvium precludes surface oipen- 
ings; when present, exploration must be by boring or underground work (Art 7). Amount 
OF weathebino. Value of results from surface exploration depen.ls on amount and relia¬ 
bility of information afforded by outcrops. Where rocks are fresh, or erosion has kept 
pace with weathering, au outcrop is a reliable section of an orehody; in such case, if siirface 
results are negative, it is unwise to attempt underground exploration. Values ^ve often 
been entirely or partly removed by leaching from the upper parts of an orebody (Art 3). 
Surface exploration may still dovermin^its size, shape, irregularities, and location and size 
of riioots. These factors alone may decide whether further work is justified, ard if so 
the best location for it. Leached outciops generally indicate the character of mineral¬ 
isation in depth. Weathering in some cases has bmn so intense that it is practically 
imposablo to trace outcrops on the surface, or to get any definite information from them; 
underground work is then the only alternative. 
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Met|«da Tsry with tsrpe of orebody; judgment determinea extent snd detail of the 
worki Piist eaeential is a map showing property lines, topography, geology, outcrops, dips 
and strikes, pits, trenches, underground work, assays, location of float or traces, and all 
obtainable details. Map should be on a scale of not less than 100 ft to 1 in; for »Tirni.li 
areas, 40 or dO ft to 1 in is better. Compass and band level, plane table or transit are 
used in mapping, depending on accuracy desired; a small plane table is convenient and 
rapid. Numbered stakes may be set on corners of 100 or 200-ft squares, for locating 
subsequent work. If veins are exposed, their probable extensions are plotted on the map 
ind staked on the ground (see Migration of outcrops). Probable course of faults, contacts, 
md sedimentary beds are similarly indicated. Such a map shows the relation tetween 
different outcrops, and between outcrops, geology, and topography; outlines drift-covered 
areas; shows where information is ne^ed; aids in eliminating unfavorable areas and in 
planning exploration. 

Geophysical methods (Sec lOA) exemplify systematic exploration preceding the details 
discussed here. Air-plane surveys (101,102,10.3, 505, and Sec 17,'Art 28), with or without 
photography, are also used for preliminary systematic reconnaissance of large areas. 

Tracing float. Ail pieces of float are labeled and their position noted on map (portions 
of each piece may bo assayed or panned). By showing location of float with respect to 
topography, geology, and probable outcrop extensions, the amount of excavation necessary 
to uncover outcrops is often reduced. 

Tracing by panning (Sec 31) may be used in a similar way. A level panful of dirt 
should be taken each time, so that results will be roughly quantitative. The mineral 
obtained is weighed and kept in numbered bottles, the number and wt of each trace being 
entered on the map. Blanks should be recorded as carefully as good showings. Having 
no exposures to guide the work, panning can be done systematically at corners of squares. 
Panning along exposed outcrops, or below probable location of drift-covered outcrops, is 
the cheapest way of flnding oreshoots and determining their length. 

Trenching. For a single orebody a series of trenches is usually dug at regular inter¬ 
vals, at right-angles to course of outcrop. Probable extension of outcrop should be staked 
on the ground as a preliminary. Distance between trenches is deter¬ 
mined by type of orebody and depth of soil; they should be close 
enough to determine aver w'idth and value of outcrops and to avoid 
missing oreshoots. Trenches over the latter are closer together 
than on barren areas. 

The first trenches should be as far apart as possible; this gen¬ 
erally reduces number, length, and cost of intermediate trenches. 

It is more satisfactory to follow narrow outcrops by trenching along 
them. In shallow soil not more than 2 men, in deep soil not more 
than 4 men, can be employed to advantage in trenching both ways 
from a single exposure (19). Fig 41 shows general arrangement of 
trenches on outreops of large uniform orcbodics, planned to avoid 
high cost of complete stripping. Where large drift-covered areas 
are explored for suspected mineral, trenches are usually dug along the 
sides of squares, 50 to 200 ft apart. First work consists of 1 or 2 
long trenches, which give information as to geology, depth of soil, 
etc; this generally di^ados area into favorable and unfavorable 
sections. Good showings are explored first. If there are no surface 
indications, systematic work is started where the sqil is shallowest; deep trenching is 
usually done last (see CoI>alt, Art G). 

Test pits for systematic surface exploration are spaced on corners of squares. Principles 
involved in their location are same as for boreholes (Art 7). 

Summary of results. All exposures in exploratory»openings are measured and sam¬ 
pled; widths, assay's, and any further geological data obtained should be entered on the 
map, and geological cross-sections made where necessary to interpret structure. Results 
of shallow exploration may often be summarized by computing from area of orebody 
exposed the tons of ore per ft of depth. Depth to which the known orcbodies must 
continue to repay estimated cost of development and equipment and yield a profit can 
then be calculated. This figure, compared with local geology and type of orebody, fur¬ 
nishes a measure of the risk involved (20). 

Migration of outcrops. With unwarped veins, beds, faults, and contacts, dipping 90°, 
tho outcrop is in a straight line (the strike), regardless of topography (Fig 42, A). Out¬ 
crop of such a deposit on fiat topography is also a straight line, regardless of its dip 
(Fig 42, B). On rough topography, the outcrop of a vein dipping less than 90° is 
curved or crooked; its deviation from the strike line increases os its dip decreases (Fig 
42, O. Width of outcrop of veins of uniform thickness also varies on rough topography. 
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Many errore in planning mining work are made by assuming tiwt geoto'cpoal surfaces 
are planes; they are always warped and twisted. Nevertheless, this assumption is usirful 
in exploration work; means of it an approx location of outcrop between or besmnd 
known exposures can be laid out on the ground or on a contour map. Such approx 
locations vary in accuracy with depth of soil as well as with bends in the deposit itself; but 
they help to correlate observed data and reduce the excavation necessary to imcover 
outcrops. The following graphical methods are sufficiently accurate for this work, and 
apply to all the geological surfaces mentioned above. 

Approx dip and strike of a vein can be measured with a compass at some point, or 
determined from 3 exposed points (Fig 43). Plot the 3 points A, B and C in plan in their 



correct relative positions, and note their eleva¬ 
tions, Connect high and low points by line BC. 
Take point D on BC so that CD : CB *■ (elev 
A — elev C) : (olev B — elev C). AD is the 
strike lino of plane ABC, and its bearing is 
measured with protractor from known bearing 
AC. Draw BE perpendicular to AD. Lay off 
EF to scale and equal to elev B — elev A. 
Angle FBE is dip of plane ABC. For accurate 
solution, see Sec 9. 



Elev =.100 


Fjtc 42 


Pig 43 


Plotting outcrop on a contour map from a single exposure (Fig 44). 

Here the outcrop of a vein or bed is exposed at point .4; its .strike is line AB\ dip 30^, 
as shown. The underground contours of the vein (considered as a plane) are a series of 
straight lines, CD, EF, etc, parallel to strike AB. The distance apart of these lines in 
horiz projection may be found by means of a right-angled triangle xyz (Fig 45), in which 
the angle zxy =* dip of vein, yz = contour interval (the same as that for surface contours), 
and xy DF (Fig 44) = required distance. Points of intersection of surface and under¬ 
ground contours of equal elevation mark points on the outcrop, and a lino connecting such 
points represents its probable location. Same methods serve where a vein or bed is exposed 
by outcrops or work at several points. Fig 46 shows in horiz projection an underground 
(or structui-c) contour map of a vein, aver dip 45°, on which 4 shallow shafts have been 
sunk at points A, B, C, I), .kssume that dip and strike are different at each of these 
points. Draw lines AA', BB', CC, DD', perpendicular to observed strike at A, B, C, and 

D and on them, by means of dip triangles (Fig 45), mark 
points at which they would be intersected by successive 
structure contours. Then draw these contours as shown. 


I^tav ##• 


Fig 44 Fig 45 Fig 46 



Beds and veins in general change their dip and strike gradually; hence, structure 
contours ^diould show only gentle curves. If abrupt changes in direction are necessary 
to connect points of equal elevation, look for faults or other disturbances. Such contour 
maps are invaluable in planning underground exploration; when superposed on surface 
topography, they give close indications of the location of outcrops. For further detail of 
graphic methods, see Bib (21, 22). 


StsUag probable loeatiea ti outerop oa tbo grooad is dons ia diffegrent ways: (a) Plot probable 
outcrop on a ooatour nap, aod lay out tbia lino on ground by ordinary curvoying mothoda. (b) 
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Bet up a tnuuit over a known point on outcnrop, and place stakes at regular intervals on strike line, 
tet transit on each stake, and erass*section to find outcrop, as for grade stakes in railroad work. 
Thk method involves muoh calculation, wbioh can be reduced by using slope^take diagrams, 
(e) Use transit with Shattuck solar attachment (23); set the attachment so that when it is revolved 
the deflected line of eoUimation will generate a plane at right angles to the telescope. Transit is 
set up over a point on outcrop, main telescope oriented in a line perpendicular to strike and the tele¬ 
scope turned down until line of sight is perpendicular to the dip (vert angle •« complement of dip 
angle). Deflected line of eoUimation then revolves in a plane parallel to and slightly to one side of 
plane of vein. If the ground is sighted, each stake wiU be slightly off the correct line. Error is 
alight if the outcrop is traced from one set-up; where many stations are used, the error is cumu¬ 
lative. (d) Transit and top telescope. Loosen capstan screw, so that the top telescope wiU revolve 
in a plane parallel to main telescope. Set transit over point on outcrop, orient main telescope in a 
line at right anglea to strike, and turn main telescope down until its line of sight is parallel to the 
dip (vert angle dip angle). The top telescope then revolves in a plane paruUel to plane of vein. 
A r<^ will give true points on outcrop, if sighted on at an elevation « height of iiutrument -i- 
(c -I- CM dip angle of vein); e, a constant for any instrument « distance between center lines of 
top and main telescopes, (e) Brunton compass, if set on a light tripod with a baU-and-eocket 
mounting, is accurate enough for tracing outcrops short distances. The spindle of the instrument 
is tilted to a position at right angltis to dip; then sights will rotate in plane of vein. See 
“Geophysioal Prospecting Methods," Hec lOA. 


6. SURFACE PROSPECTING AND EXPLORATION 
EXAMPLES OF PRACTICE 

Nova Scotia (24). Systematic prospecting is done here for gold-quarts veins in 
regions covered by deep glacial drift. Prospecting is confined to relatively small areas, 
in which rich float occurs. Surface is fairly level and ordinary conditions causing float to 
move downhill are absent. The general direction of glacial movement was a little east of 
south. Following methods apply generally to areas of glacial drift. 

Prospecting methods are based on recognition of fact that while glacial drift contains 
rocks brought from a distance and entirely different from the underlying bedrock, it may 
be composed largely of material of local origin. Sequence of operations is as follows: 
Mappinq. a contour map is made of the area on a scale of at least 40 ft to 1 in. On this 
are recorded details of geological structure, drainage lines, course of glacial transportation, 
distribution of gold-bearing float, position and depth of existing pits. A compass survey 
is usually sufficient. Panning. About 200 pans are taken from old dumps, surface soil, 
beds of brooks and sides of old trenches or pits. An exact record is kept, showing location 
of samples, number of pans taken, character and composition of drift (which may give 
clue to its source), and number and size of colors in each pan. Results are recorded on the 
map and siunmarized by drawing two lines, one enclosing the area in which float gold of any 
size occurs, and the other limiting the area containing shotty gold and large colors. This 
inner line incloses the center of gold distribution; within it and near its northern extremity 
most of the prospecting work will be done. Panning lessens the amount of heavy pre¬ 
liminary work. It usually confirms inferences drawn from the distribution of float and 
prevents work in barren areas. Two men, panner and helper, usually do this work in 4 
or 5 days. Test pits are then sunk. A notebook is kept showing each pit in cross-seo 
on a large scale. Following details are noted: (a) depth, thickness, slope, mode of for¬ 
mation and composition of each layer in the drift. Each layer is given a number for 
future reference; (6) results from panning each layer;^(c) absence or presence of float, 
quantity and estimated value per ton, number of pieces, size, degree of wear, and character 
of each variety and its associated minerals, as an aid to identification; (d) details of bed¬ 
rock, dip, strike, cleavage, results and direction of glaciation; (e) depth and amount of 
water encountered; (/) size of pit and number of buckets hoisted; (g) labor, time, and 
material for sinking and timbering. Items e, /, g are useful for estimating future work. 
All pieces of gold quartz are kept for comparison with float from other shafts; they are 
numbered and put in boxes. <^boss-sbctions show no orderly arrangement of strata; 
more beds occur in one pit than in another; 2 different layers may contain float from 
aame lode. These irregularities are due to different periods of erosion; often transporta¬ 
tion takes place in somewhat different directions at different times. But such correlation 
of various layers as is possible, and a comparison of their contents, give much informa¬ 
tion about origin and distribution of float gold. Location of pits. A test pit should 
always be sunk to bedrock near northern limit of area of richest pannings or float. Pita 
are put down in rows across direction of float movement. If all the gold is in upper layers 
of drift, its source is probably remote and pits can he placed at some distance apart; if all 
gold is confined to lower layers of deep drift, the vein is probably not far away. If gold 
ahows only in upper layers, time and money can be saved by siaking only a few pits below 
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tb« auriferous horizon. If pits on the right end of a row show no gold, the next row is 
shifted to the left and vice versa. Float gold is distributed from an oreshoot in a more 
or less fan-shaped form; hence the area to be prospected decreases as the source of the gold 
is approached. Often, post-glacial drainage has rearranged drift, rendering above methods 
fruitless unless old drainai^e and erosion processes can be iuterproted. 

Cobalt, Ontario. Narrow veins of native Ag, associated with Co and Ni arsenides. 
Veins occur in diabase, conglomerate, and greenstone; some profitable deiiosits are 1 in or 
less in thickness. First discoveries were made by examination of rock outcrops; Co 
minerals oxidize to pink erythrito or “ cobalt bloom.” The pink color disappears imder 
weathering, but is a good indicator when the rocks in the vicinity of a vein are freshly 
broken. All small crevices are examined; if ore is present, the crevice sdetds a soft black 
mud, CoO, containing nuggets of native Ag, or arsenates of Co and Ni arc found a few 
inches below surface. Calcite veins are also considered favorable indications. 

A large part of the district is covered by ehiillow glacial drift, in «rhich proepeeting is dope by 
trenching. Rectangular coordinate lines are laid nut on the suifare at intervals of 60 to 100 ft 
and trenches are dug along these; in deep soil, trenches may be farther apart because of their higher 
cost. A few preliminary tienches are dug befote thorough piospecting is attempted. On a contour 
map are recorded geology, rock outcrops, known vuin.s, swami'is, property lines, areas of deep drift, 
etc. Trenches arc just wide enough for men to work to advantage; to allow cleaning the bedrock, 
they must be 2 to 3 ft wide at bottom; width at the top depends on depth and chuiaeter of soil. 
When depth exceeds 6 ft, trenches are timbered by an occasional stull with uprights or head boards 
(19). In dry soil, bedrock in trenches is carefully cleaned with brushes; in clayey soil, by washing. 
Use of water is avoided where possible, as it conceals crevices by filling them with mud. Veins are 
difficult to recognize, especially in diabase; every likcl.v place is blasted oat. Each vein found is 
stripped as far as it can be followed, and shot out at close intervals. 

R. B. Wataon, Gen Mgr, Nipi.?aing Mining Co, Cobalt, Ont, furnished following 
data on systematic prospecting by that company. In 1912 an uYnaAVLic plant was 
installed, to wash all the soil off the surface, for complete inspection of the rock. Water 
was pumped from Cobalt l.ake. Details of installation: one-stage centrifugal pump, 
capacity 4 800 gal per min against 41o ft head; guaranteed effic, 78%; 6o0-hp motor, 
2 200 volts, 1 ISO r p m; spiral-riveted, 16-in pipe line, No 10 gage, with bolted joints to 
allow adjacent lengths of pipe to be turned through angles of 10° to 15°, without leakage. 
Some lengths of pipe had flanges on one end and bolted joints on other, giving a little 
■tiffer pipe line. Size of nozzle was from 3 to 4 in, depending on whether a very strong 

stream was desired, or less force with larger volume 
For good results, pressure at nozzle of at least 100 lb 
per sq in was nece.s8ary. When all ground within reach 
of the nozzle wa's washed off, usually taking about a 
day, the pipe line was extended to the next set-up, 
which had been prepared in advance. After an area 
bad been cleaned, it was examined, surveyed, and then 
served as a dimip for spoil from adjacent areas. 
Dynamite was used to break rock and scatter heavy- 
boulders. In 1914, the plant ran 79.08% of the time; 
153 set-ups were made; aver time lost in setting up, 1 hr 32 min. Aver press at nozzle, 
138 lb per sq in. 68 309 ft of pipe were shifted and IS 730 ft of roads were built. 95.65 
acres were washed; aver depth of soil, 3.4 ft; 529 415 cu yd were moved. 

In 1014, on La Rose property, the soil was shoveled off an area of several acres, in strips 
20 ft wide; distance between strips was made as small as possible, determined by the 
height to which men could throw the dirt. Aver depth of soil was 1.9 ft. 

Quebec copper-gold belt (Rouyn District); data from K. W. Fritsche and A. B. 
Parsons (504). Steep-dipping lenses of sulphides containing copper and gold occur usually 
in rhyolite and andesite, often associated with syenite-porphyry dikes. 

Systematic prospecting is done over large areas, much of which is heavily wooded, 
making traveling without axemen difficult. Typical sequence of operations on a g<'OUp 
of 40 claims (8 000 acres): (a) Parallel base lines at half-mile intervals are laid out by 
transit, (b) " Picket ” 'lues, 200 ft apart, are run at right angles to base lines, (c) An 
experienced geologist makes observations along the picket lines and directs pick and 
shovel work or drilling and blasting on likely outcrops, (d) Dip-needlo observations are 
made by young engineers every 50 ft along picket lines, to indicate presence of magnetite 
and pyrrhotite. Results pleated and maps studied by geologist, together -with bis own 
notes. Large areas can now generally ',*6 neglected as valueless, (e) On several gtoupa 
of claims encouraging areas have been r>tudied by electrical prospecting (Sec lOA). (/} If 
(e) is not done, favorable area.s are studied in more detail. Dip needle may be replaced 
by a magnetometer (Sec lOA), and observations made at 10- or 2d-ft intervals on lines 100 ft 


Table 2. Trenching at Nipissing 
Mine 


Year 

No 

men 

Miles of 
trench 

Aver 
depth, ft 

1909 

67 

33.1 

3 4 

1910 

61 

31.7 

2 7 

1911 

2S 

13 7 

2 7 
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siMurt. Promuiiig areM am deuuvd of timber and faitudi and trmidiinc begiiu; firat 
tiendiM 6(>-a00 ft apart, depending on depth of eover. Table 3 shows how duty of labor 
in trenching varim with depth, number of roots, amount of water and regularity of bedrock. 
Oxidised or enriched parts of outcrops (seldom over 2 ft deep) are blasted out before sam- 
plea are taken. One mu channel*eBmidea 40-80 ft of trench per day in 6-ft sections, 
(k) Outcu'ops considered good enough are explored by diamond drill, (i) Shafts, crosscuts 
and drifts are made, and deposits explored further by undeiground diamond drilling. 


Table 3. Duty of Labor in Trenching, Quebec Gold Belt (504), about 1934 


Example 

No 

Dimensions of trenches 

Labor, 

manrdaye 

Cu yd per 
man-day 

Conditione 

Length, 

ft 

Width, 

ft 

Depth, 
ft ■ 

Cu yd 

1 

16 

3 

4 






2 


3 

4.5 





1 Roota and gravel. 

3 

13 

2 

,‘.5 


31.9 

6 

5.31 

{ No water. Bed- 

4 

16 

2.5 

3 





1 rook omooth. 

5 

20 

2 

2 






6 

10 

6 

10 


22.2 

7 

3.17 

Gravel, large bould- 









ere and water. 

7 

54 

3 

3 


18.0 

7 

2.57 

Many roots. Bed- 









rock rough. 

8 

20 

3..'! 

5 


12.9 

5.5 

2.34 

1 Roots, gravel and 

9 

10 

4 

7 


10.4 

5 

2.08 

f some water. 

10 

10 

4 

5 


7.4 

4.5 

1.64 

Sticky clay, much 









water. 

11 

40 

3 

4 


17.8 

12 

1.98 

(a) 

12 

30 

2.5 

2.5 


6.9 

6 

1.15 

(6) 

13 

65 





3 



14 

110 





4 5 


1 

15 

75 





3 


f (c) 

16 

72 



L .. ,1 

3 5 


J 


(a) 2 ft sravel underlain by 2 ft partly deoompoeed schist, (b) Partly decomposed schist, hand 
drilled and blaeted; cost of powder not included, (e) Stripping moss, roots and some gravel; 
aver width of these ojienings. 2 ft; max depth, 2 ft. 


Quebec gold vein. J. Y. Murdoch, in 1938, contributes following data on surface 
exploration of a group of 5 claims, 125 miles from RR in northern Quebec, performed 
during 4 summer mouths by 4 men with foreman and cook; wages $4.50, less $1.25 for 
board. Men and supplies transported by hydroplane. Previous work had exposed 120 ft 
length of vein, 6 ft wide. Area heavily wooded, but outcrops numerous; overburden, 
where trenched, 1-5 ft deep. Trenches perpendicular to outcrop, spaced 10-30 ft apart, 
wore 5 ft wide; where rock blasting at bottom was desired, 6-ft width was better. In 
clay or sand, 1 man in 1 day dug about 10 ft of trench 5 ft wide and 4-5 ft deep (7-8 cu yd). 
Total trenching during 4 mos included 400 ft on the known vein, and 1 200 ft in search of 
parallel veins; rock blasting at bottom of trench^, for sampling below weathered aone, 
amounted to 200 ft. Double-hand drilling wdth ? /s-in hex steel and 6 or 7-lb hammers 
made 12 ft of hole in 8 hr; holes 2-4 ft deep, loaded with 40% Forcite, 3 sticks for a 3-ft 
hole, and fired by fuse with No 6 or 8 caps. Channel samples were 1-1.5 in deep and 2-3 in 
wide; where mineralization was irregular, and free gold appeared, larger samples were 
taken. Two 10 by 12-ft tents and a 12 by 14-ft cook tent for 6 men. Floors of split poles; 
tents carefully screened. Staple food supply for the party for 4 mos weighed about 3 000 lb. 
Essential equipment of tools is listed in Art 13. , 

Witwatersrand, South Africa. Silicified conglomerates carry Au, and occur as members 
of a series of sedimentary rooks. The auriferous " banket ” reefs dip at 16 to 90°. Faults 
complicate the work of locating outcrop extensions in places. '* The surface is first 
examined to locate one or more beds of sandstone, with which the reefs are conformable ** 
(26). Topography is closely related to the geology; hard beds form ridges and, in some 
cases, streams follow fault lines. In fallow soil, indications of the chaiacter of under¬ 
lying rocks are obtained frran ant hills; over banket these have generally a yellowish gray 
color, over basalt dikes they consist of red loam. 

Trenches ere dug at right aoirlai to the strike of the formation at regxilar intervals. One trench 
near middle of property is continuous; the others are made only where the central trench shows 
that a reef ia likdy to cross. At each point where reef is found, a email shaft is sunk deep enough 
to provide eamplee from pointo unaffected eurfaoe alteration. In deep soil a small shaft is sunk 
into solid formation, utd a oroesout ifaiven to give a section of the rooks; or 2 or 3 shafts are sunk 
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»&d oonneoted by eroosouto. Valuw are remarkably pereieteot and fairly noifarin oyer large areaa 
of reef; hence, surface enfiloratioB gives rdiable indicatians of eonditioiia at depth,. 

Stum CttBceasloa, Korea (4b0). An area of 15.5 by 10.5 miles waa prospect^ and about 59 000 
acres ayatematically explored in 1905-1916. Orebodits, generally lenticular, to 125 ft wide by 400 ft 
long, are contart metsmorphic deposite around a granitic batholibh 6 by 5 milee in area. Some 
deposits are distant from the contact. Valuable metals: Au, Ag, some Bi and W. 

Some of the deposits were exploited by ancients; intensive study of old workings led to diaeovery 
of one important orebody and indicated marked surface impoverishment of ore which might have 
caused ancients seeking high-grade ore to overlook valuable depoaits. Known gold placers in 
streams flowing from high ground at center of batholith furnished another aid to proepeoting for 
ore in place. 

A topographic and general geologic survey was made; all known data and all resulta of pros¬ 
pecting were mapped; maps were made for each square mile on scale of 1 in >• 150 ft. Each squnre 
mile area was first explored by sinking test pits to bedrock at intervals of 300 ft along creeks and 
valleys. Systematic samples from each pit wore panned and depth of pit, nature of bedrock and 
resttltB of panning wore recorded on map. Ou finding colors or favorable indications, intermediate 
pits were sunk 100 ft apart. Detailed study of surface oonditious and local geology was made in 
vicinity of favorable showings. Such areas were then prospected intensively to locate souree of 
mineral; traces were followed by test pits about 100 ft apart until approx line of mineralisation was 
located, then a series of trenches at right angles to this line uncovered outcrops. Many outcrops 
were discovered, several containing profitable ore. Samples from test pits for panning were taken 
in 2-ft sections; composite samples, comprising the lust 0.5 ox of concentrate in each pan from a 
given favorable area, were completely analyzed to determine the minerals present. The concen- 
tratM were also examined systematically with a microscope, which led to the discovery that small 
amounts of W were widely distributed around the contact. Native labor, in charge of a foreign 
miner or pteepcctor, who had underground experience on the property, was used for prospecting; 
separate crews were employed for preliminary and intensive work. Native wages; 26^ per 8-hr 
day for miners and 204 per *0-hr day for coolies. On intensive work a crew averaged about 4 square 
miles in 6 montlis; rust, about $2 000. .\ver cost of test pits, about 54 per ft; cost of trenches 
varied widely, averaging about 74 per cu yd. 

West Australia (5061. Gold-bearing veins occur near porphyry dikes and jasper 
" bars,” often in vicinity of contacts between granite and greenstone; such localities 
are sought as favorable for detailed prospecting. 

Tracing float and " loaming ” (tracing by panning, Art 4) are the principal prospecting 
methods. In arid areas, a “ loam bag " of cotton cloth, 6 in diam by 6 ft long, with 
tapes sewed to it at 0-in intervals, is used for collecting and carrying samples to water for 
panning. The prospector having found float, colors, or favorable geology, digs parallel 
rows of holes, 4-6 in deep; holes in a row arc about 12 ft afiart; rows are about .30 ft apart 
and lie approx on contours. A suiflple from each hole is put in the loam bag; samples 
kept separate by tying the tafies Vietween them. Holes showing colors are marked with 
stakes; stakes in lower rows indicate trend of traces to one side or other, and guide the 
prospector in locating the next higher row of holes. Work continues until colors cut out 
of surface soil, when values are followed in deeper ground by trenching. At times, samples 
are tested by “ dry blowing,” a wiimowing proce.sa wherein the sample is repeatedly 
poured from a dish or pan (atmut 15 in diam), held at level of operator's head, into a 
similar dish on the ground. The wind blows fines aside, leaving coarser material and 
gold behind. Bib (506) desciibes dry-blnw'ing machine for testing larger samples. 

West Uganda, Africa. N. W. Wilson in 1938 described an exhaustive survey of a 
1,56-sq mile area on SE flank of Ruwenzori Mt, E Africa (96). Region is a few miles 
N of Equator, at altitudes of 3 500-13 600 ft; lower elevations are generally open, bushy, 
or grassy; higher ones, densely wooded, cold and wet. Nearest RR at Kampola, 170 miles 
by air-line. Mapping and detailed prospecting were done concurrently. Three pai'allel 
main base-lines were laid out, one near N boundary, one on S Imundary, and one midway. 
These were connected at right angles by grid of parallel traverse lines, 1 200 ft apart in 
open country, 2 400 ft apart in forest. On traverse lines, vegetation was cleared to width 
of 6-6 ft, and stakes set every 300 ft. It was considered that any orebody large enough 
to be valuable, if not actually intersected by a traverse, would be disclosed by neighboring 
float. Pits were sunk to bedrock at every second stake; also at every crossing of a gulch. 
Stream beds wider than 6 ft were traversed their full length; narrower ones by eUktings 
for 300 ft Saefa side of ictersectiun with a traverse line. Stream beds about l/z mile wide 
were not lotted, because numerous large boulders prevented alluvial working. Black- 
sand ftMddues from panning of rlt material were ccdlected into composite samples, repre¬ 
senting 6 000 ft of traverse ana criticaliy examined at headquarters, together with speci- 
mem of outcrop and floaf Observations were mapped on scale of 1 ; 10 000. Each 
ptfriipeeflng party was under 2 Europuans; one with abodt 70 nativM for clearing the 
lines; other with 10 natives for geological work. Alternate strips,” 6 lines wide, were 
worl^ by 2 parties. For close examination of likely spote, subsidiary lines 300-600 ft 
apart wwe cleared to width of 20 ft for inspection by engineer in charge. 
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Cittttoa IwmatitM occur as stratified beds in the Clinton formation (Silurian age), all 
along the Appalachian Range, and also in New York, Kentucky, and '^iaoonain. The 
beds vary in thickness from a few inches to 10 or 12 ft; they are subject to all the irregu¬ 
larities of sedimentary rook beds (Art 3; also Sec 2). Respecting may start from discovery 
of float or outcrops, or by recognition of some member of the Clinton series with which 
tiiese ores are associated. Above or bdow the ore bed there is ususJly some characteristic 
stratum which outcrops; measurements from this give an approx location of the ore^ied 
outcrop at different points along its strike. The outcrop is then uncovered by trenches 
or test pits. In the south, weathering extends to considerable depths, but on hillsides 
erosion has kept pace with it and unaltered ore is often within 5 ft of outcrop (6). 

To determine thickness and grade of ore, dip, strike, etc, exploratory openings (inclined 
shafts or drifts) should be driven at regular intervals into unaltered ore. Since these 
orebodies are of sedimentary origin, thpy are apt to be uniform in sise and tenor over large 
areas. Exploratory openings may be placed far apart and still give good basis for tonnage 
estimates (7). Geological structure should be carefully worked out. Diamond drills are 
used for deep exploration to check outcrop evidence, locate faults, etc (Art 7). 

Brown iron ores (iimonite) in the Appalachian valley. The two important types are 
residual deposits and replacement deposits. 

Residual deposits oonsist of masses and boulders of Iimonite, embedded in clay and lying on an 
uneven surface of limestone or dolomite. Orebodies are very irregular and are covered by sand and 
soil. Discontinuous outcrops occur, especially in gullies, or Iimonite gravel is found (5). Mining 
is carried on in open cuts, and exploration must show aroa, aver depth, tonnage, and quality of ore, 
and depth and character of overburden. Usually a few test pits are put down to determine whether 
surface indications are connected with orebodies of any size; data on concentration and quality 
of ore are obtained by washing and analyzing the samples. Different methods are used for explora¬ 
tion if preliminary results are favorable. Alabama brown iron orbs are often prospected by 
pits; ivst at cornei-s of 200-ft squarea, and then at closer intervals ^or more accurate delineation of 
boundaries (6). Pits, preferably circular and of 30- to 34-in diam, are sunk by hand, using ehort- 
handled (13-18 in) picks and shovels, hoisting by windlass and bucket. In soft material, sides can 
be supported by hoops of V2 by 2-in iron, with 24-iii corrugated roofing in fi-ft lengths for lagging, 
recovered when finished. Unless water interferes, 2 men can sink a pit to 50 ft or more, at contract 
price (1937) of 25-50^ per ft. Values may be estimated: (a) all material taken from ore bed, 
volume of which is calculated from thickness of bed and diam of hole, is quartered down, after 
breaking lumps, washed to remove sand, weighed, and sampled for analysis; (5) a vert groove, 2-3 
in deep and wide, is cut down one side of finished pit, vol of sample measured, and ore contents 
weighed after washing; method (b) is faster and cheaper. Aver recovery of washed ore, 1 ton 
from 2.5-3 cu yd, exclusive of overburden. Elsewhere, augers or churn drills are used (20). Similar 
methods are used in prospecting for, and exploration of, Tenn and Texas brown ores. 

Replacement deposits are from replacement of a particular bed (Art 3). They vary widely with 
dip and nature of rock replaced; methods of prospecting depend upon topography and geol (7).. 

Brown phosphate rock in Tenu (338). A few pits are sunk at selected points, to check resulta 
previously obtained by auger holes (Art 10-a) T V A (in 1936-1938) let contracts for ttiis work, 
including digging, sampling, and refilling, at 60^ for first ft, plus 60^ per ft down to 10 ft; sliding 
scale for deeper pits made a 20-ft pit cost 816.35; still deeper, $16.35 plus $1.60 per ft. Con¬ 
tractors supplied all tools, and transported samples 40-50 miles to laboratory. Usual sampling 
practice was to cut a channel, 1 ft square, down one side of pit, recovering phosphate contents by 
washing. Dry wt of phosphate divided by depth of bed gave recoverable contents per cu ft. 

AUttvini gravel. Initial prospecting is often done with test pits, especially in shallow 
ground free from water; (churn drills for deep or wat^r-beariug gravel). First pits or 
holes may be located at random; later ones, on regular sj^tem or according to information 
gained. D. L. Sawyer contributes data in Table 4, on test pitting in exceptionally coarse 
gravel. Pits were .3.5 by 3.5 ft cross-sec; no water encountered; most pits were cribbed 
with 2 by 12-in planks on edge, notched at both ends; some were sunk on company 
account and some by contract; crew of 3 men at each pit under either arrangement. 
High cost of certain pits due to l^ge boulders and fine, running sand. 


Table 4. Labor Costa for Test Pitting in Coarse Gravel, Yavapai Co, Ariz 


Pit depths, 

ft 

Company account 

Contract arrangement 

Aver advance 
per shitt, ft 

Labor cost 
per ft 

Earninga per 
man-sluft 

Aver advance 
per shift, ft 

Price per ft 

Earnings per 
mail-shift 

5 

4.80 j 

$2.50 

$4.00 

Km 

$1.75 

$5.70 

5-10 


4.00 

4.00 


2.00 

5.10 

10-15 

1 2.20,. 1 

5.50 

4.00 

MM 


4.20 
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7. PROSPECTING AND EXPLORATION B7 BORING (See also See 9) 

AroUcctions of boriag in. connection with prospecting and exploration are: location of 
minerals covered by soil, rock, swamp, or water; search for extensions on strike or dip of 
known orebodies; search for parallel orebodies; location of faults, faulted segments of 
prebodies, and water-bearing strata; detailed exploration of orebodies for estimating 
tonnpge and value. Lihitatioms. BoRXHOtBS va otubr opbminos. Boring is not 
alwasrs the cheapest method of prospecting or exploration, and may not furnish all the 
desired information. In such cases, use test pita, shafts, or drifts. 

Choice of method in any particitlar case is based on cohsideration of following factors. 

Type of orebody. Boring is not best adapted to exploring narrow, steeply dipping 
veins, smaill and irregular orebodies or high-grade, .spotty deiwsits, although much of the 
diamond drilling actively and satisfactorily conducted in Canada is in such deposits. 
Boreholes, because of their small diam, may miss sucb orebodies entirely, or pierce them 
in pinches, swells, barren, or rich si>ota. Thus, diamond drilling cut a vein at a barren 
spot on City of Cobalt property, Canada, and failed to discover a rich vein system subse* 
(juently foimd by underground work (508). Boring from the surface is best suited to 
large deposits of fairly uniform grade, as masses or beds dipping less than 50°. Examines: 
Lake Superior iron ores, disseminated lead and zinc ores of Missouri, “ porphyry copper " 
deposits, Clinton iron ores, and cool scams. 

Cost. In surface drift, boring is done by augers, churn drills, or wash-boring; test 
pits are sometimes cheaper. Within its limited field an earth auger (Sec 9) will usually 
put down a 2-in hole for leas than 0.2 of the cost of a test pit to same depth. To depths of 
20 to 30 ft in surface drift, free from water and requiring no timbering, smedl test pits 
usually cost less per ft than chum-drill holes. Fits are better under such conditions for 
both prospecting and exploration, because of the more accurate information they afford. 
In soft rock, small shafts often cost less than either churn-drill or core-drill holes to shallow 
depths (20 to 50 ft). This is true only where no timbering is required and water is absent. 
In soft porphyry at Ajo, Ariz, 4 by 6-ft prospect shafts, 50 ft deep, coat less than diamond- 
drill holes to same depth (27). The cost of moving and setting up drills is largely respon- 
siUe for the high cost per ft of shallow lioreholes. For hard rock, and for greater depths 
in soft rock or alluvium, the cost of boring per ft is 0.2 to 0.5 that of small shafts. 

Speed. Boring has little advantage over test pits for shallow work (20 to 30 ft) in dry 
surface drift requiring no timbering. In rock, and for greater depths in alluvium, speed 
of boring may 1^ 3 to 10 times that of shafts or other underground openings. Presence 
of WATSn increases cost and decreases speed of underground openings, but does not inter¬ 
fere with boring. Boring is therefore peculiarly applicable to prospecting and explora¬ 
tion in water-bearing formations. 

Purpose of work. Many boreholes are made merely to locate strata or orebodies 
preliminary to sinking nr driving to or throu^ them. Thus, in the Clinton iron ores of 
Alabama, diamond-drill holes are bored at distances of 1 000 to 3 000 ft from the out- 
orops. to locate the ore bed and anticipate the effect of faults on location of shafts and 
workings. Similar cases occur in coal mines. On the Rand, also, the reefs under deep- 
level properties are located by diamond-drill holes before working shafts are begun. 

Boring has a special field in prospecting for oil, gas, salines, and sulphur, where the 
borehole is used subsequently to conduct the mineral to the surface. For work under 
swamps, lakes, rivers, or deposits of quicksand, boreholes are most useful both for initial 
prospecting and for exploration based on indications given by geophysical methods 
(Sec lOA). Inclined holes are sunk fiom solid ground, or vertical holes from boa's or 
through the ice in winter. 

Speed vs cost. Where geological data are of chief interest, speed and cost are para¬ 
mount factors, samples of the orebody are secondary objects, and boring has an advantage 
over shaft sinking which increases with depth of the deposit. At the other extreme is the 
work of detailed exploration to determine tonnage and aver values, in which cost and 
speed are subordinated to necessity for accurate samples; type of orebody then detennines 
the choice. 

Underground openings always give more accurate information and samples, but advan¬ 
tage eon be taken of the speed and cheapness of boring in orebodies like the Mesabi iron 
ores and the “ porphyry coppers," where values are uniform over large areas, or vary 
giAdoally from point to point. ^ mqcb work has been done in some districts, as S E 
hQii|K>uri and in certain plkcer deposits, that empirical factors have been determined, to 
cornmt inaccuracies due to boring practice and to irregularities of the orebodies (Art 6). 

Transport In remote districts, cost of transporting boring apparatus may be pro- 
UbitivB, except for shallow prospecting where hand drills can be UMd, although airplane 
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tnnapert of heavy and bulky equipment is overcoming this difficulty (646). It should 
be noted thaA borehole results are susceptible of more accurate interpretation in districts 
where the details of geologsr and ore occurrence are well understood; shafts or other 
openings are therefore sometimes preferable for preUminary work in new districts, 
or rough topography increases cost of boring, ow¬ 
ing to expense of moving drills, and may compel 
the use of underground methods. 

Boring from underground points by diamond 
drills, and occasionally by hammet drills, is 
done in many mines, in searching for ^rebodies, 
to locate the limits of wide orebodios, or to 
obtain geological information. Footage may often 
be saved over holes started from surface. Steep¬ 
dipping veins may be cut by holes nearly nor- 
to their plane. Fig 47 shows a hypothet¬ 
ical case, where a crosscut on bottom level 
failed to out a vein known on le^*-ls above; pro¬ 
jection indicated that the vein would be cut at 
point A. Diamond-drill bole No 1 also failed to 
find the vein. Hole No 2 cut the vein as indi- Fig 47. Locating Downward Extension 
cated; a raise was then started at B to reach bot- ®f 

tom of ore. 

At Alaska Treadwell mine in 1913, 4 31S ft of holes were thus drilled to outline portions 
of the deposit (28). Rocks are hard dioritc, quartz, and greenstone, and soft slate con¬ 
taining quartz stringers. A high core recovery was obtained; 90% in one horis hole, 
1 000 ft long. The information was therefore accurate. Drifting and tunneling would 
luive taken 4 times as long, at a cost of $8 to $12 per ft. Cost of drilling was $1.62 to 
$1.74 per ft. Miami Copi>er Co did 2 714 ft of vertical diamond drilling from under- 



Fig 48. Diamond Drilling on One Level of United Verde Mine, Jerome, Ariz (97) 


ground set-ups in 1912 and 1013 (20). Rock was silicified schist, broken into small pieces 
by fissures, the individual pieces being very hard. The holes caved frequently and were 
difficult to drill and sample; less than 10% of the core was recovered. Cost, $5.44 per ft; 
spieed, about 5.5 ft per 8-hr shift. These examples show that the advantages of boring 
are lessened in very difficult formations. Fig 48, from M. G. Hanson (97) in 1933, shows 
diamond drilling on a level of United Verde mine, Ariz. Orebody is a pipe-like mass of 
sulphides, dipping about 60*’; work was done to ascertain geology and locate walls and 
commercially minersffized areas. Most holes were nearly horiz, lying at angles between 
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+12° and —6°, and 16(V-650 ft deep; deepest, 2 200 ft; several exceed 1 000 ft. Far 
further details, see Art lO-o. 

Choice of boring apparatus, from standpoint of dep^ of holes, speed of boring, first 
cost, operating cost, convenience at transport and character of formation: for these points, 
see Sec 9, also Art 10. 

Locating boreholes. Choice of sites depends on nature of work to be done. In 
strictly prospecting operations, geological indications, or the position of ore on adjacent 
property are the only guides; in such work initial drilling is often done at random. Holes 
are placed ^stematically for detailed exploratory work. 

Fig 49 shows in plan a mode of prospecting f^ flat massivs: orboodies. Coordinate 
lines are laid at intervals of 50 to 60 ft, deiiendiug on the type of orobody sought. If 
there is no adjacent work to indicate the probable location or course of ore, the first hole 
is sunk at the most convenient point, say at A. In the illustration, this liole would be 
barren. Assume that the second and third holes are drilled at B and C. They indicate 
that the trend of the orebody is not along either AB or BC, and subsequent drilling would 

be done in the directions EF or Off. Instead of drilling hole 
C. after ore is found at B, holes 3 to 10 might be drilled. .\n 
infinite munber of variations occur; as a rule, before close 
drilling is attempted, it is cheaper to establish tlie general 
trend of an orebody. 


Fig .‘>0. Diamond-drill Holes at Victoria Mine, Mich 
(after A. H. Alcuuhe, .4n7t Rep 1900, Alicb Geol Surv) 

In the Michigan copper region the orebodies occur in the amygd.aloid.s and inter- 
bedded sediments of a series of tilted lava flows, truncated edges of which are covered by 
glacial drift. According to T. M. Hrodcrick, overlapping diamond-drill holes, of w'hich 
the spacing and inclination in a plane i>erpendicular to the strike are dependent upon the 
dips of the series, disclose the general succession and location of any mineralised horizons 
(Fig 50). These horizons are then drilled in greater detiiil, and if mineralization is per- 
siateut, trenelring or underground investigation follows. Because of 
very erratic distribution of native copper in most deposits, the dia¬ 
mond drill is not expected to yield quantitative sampling informa¬ 
tion. Special conditions cause modifications of procedure. "Where 
overburden is deep and difTu-ult to penetrate, it may be‘more eco¬ 
nomical to drill holes steeper than at right-angles to the bidding, since 
the greater footage in rock necessary to cover a given stratigraphic 
interval may be more than compensated by the shorter distance in 
overburden. Occasionally, where beds and the fi.s8ures crossing them 
are both mineralized, it is desirable that diamond drilling give infor¬ 
mation on both types of ore occurrence. Certain combinations of dip 
and strike r<f beds and of fissui'cs make it possible to do this by inclined 
holes oblique to the strike of both, which, while not cheapest for 
either, are most economical for simultaneous exploration of both ore 
structures. 

A plan similar to that in Fig 50 is applicable in prospecting coal' 
formations. Fig 51 shows an amplification of this method, used for 
detailed exploration of veins, in the search for oreshoots in veins, and 
for exploring pitching coal seams. Closer information is usually ob¬ 
tained if holes in successive rows are staggered, os shown. Choice 
between vert and inclined boles (CD, Fig 51) depends on local con¬ 
ditions. "Vert holes arr cheaper where depth of surface drift is great. They are used in 
initial drilling where nothing is known of the dip of rocks or orebody, and in general where 
dip of fbnnation is less than 20° to 30°. Inclined holes are preferred for steeper dips; they 
are slRKter, there is less danger of misinterpreting the thickness of formations pene¬ 
trated, and they generally cut the short dimensions of vugs and soft layers, which give 
troabte in both drilling an'i sampling. 

,For detailed exploration of fiat massive depo-sits, driU holes are usually located on 
eomers of squares. Some systematic arrangement is desirable to secure impartial samples 
at tegular intervals and simplify subsequent calculations of tonnages and aver values. 



Fig 51 
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lr.t«ry«l between holes is n matter of judgment baaed on type of orebody. Questions of 
(»Bt urge that holes be spaced far apart, but acouraoy demands that the interval be 
limited to a distance over which it is safe to expect the orebody to continue without 
fbarlcirf irreguhurities in form or tenor. (See Art 10 for spacing used in different localities.) 

pig 62, from R. V. Norris, idtows one method of locating diamond<driU holes used in 
the Punk anthbacitb fiblds, for determining position and thickness of folded coal 
seams. Order in which holes were drilled is shown by their numbers. Hole 14 was re¬ 
quired to interpret data from 12 and 13. Surface geology and outcrops are valuable aids 
in constructing such sections. In the Wyoming and Lackawanna vaUeys, Penn, coal 
l yama often outcrop under present or o|^ river valleys, Ailed with wash to depths of 50 
to 176 ft. Wash Imrings are made on corners of squares to determine thickness of rook 



cover; eise of squares varies from 100 to 500 ft, depending on this thickness and on 
irregularity of bedrock surface. 

Prospecting for oiL Data on geology of oil deposits and location of boreholes are 
given in Sec 44; methods of boring, in Sec 9. 

Drill roads are a serious item of expense in swampy districts, and where the topography 
is steep or rough. Standard rigs and diamond drills (except Missouri type) are moved on 
wagons requiring roads about 7 ft wide. For traction churn drills (Keystone No 5 and 
Star No 23), used in porphyry copper districts, hillside roads are made 9 ft wide in the 
solid. The fill is relied on only in case the machine skids. Max grade advisable is 15%, 
which is also about the limit for teams hauling fuel and water. Traction drills can climb 
28% grades for short distances. Switch-backs are used when necessary; drills can not 
take so steep a grade while backing as when going ahead. In the Miami district, Aria, 
with drill holes 8i>acod 200 ft apart, a minimiun of 300 ft of road v as required per hede (33). 
At Miami, about 1 cu yd of material was moved per linear ft o.' road (34). 

Organization of boring work. Good management is especially necessary where many 
drills are employed. Given suitable drills, economy in large-scale work may be saoured 
by minimizing delays and labor required, and using common labor for roustabout work 
so that high-priced drillers spend maximum time in actual drilling. Scale of operations 
limits extent to which these economies are profitable. A map is essential to proper 
organisation, and the points at which boles are to be drilled must be marked on the 
ground in advance. 

Many pkiays can be prevented by keeping at hand extra bits and small repair parts. 
Where tubs or barrels are used for samples, enough should be provided at each machine so 
that drilling can proceed while samples are settling or d^ing. Supply service for fuel and 
water should be carefully planned. Hoads, if required, should be constructed before drill 
IS ready to move; gasolene-driven diamond drills, mounted on skids and dragged by their 
own power, minimize expense for roads. Fuel. With^coal, boxes or plats at the drill 
are necessary to prevent waste and give clean fires. Where wood is burned it should be cut 
to proper length before delivery; similar foresight is used in planning storage and delivery 
of liquid fuels, building power lines and handlmg cable for electric-driven drills. 

Chum-drili work. The crew comprises a driller, helper, sampler, and sometimes a 
fireman (helper generally fires when coal fuel is used or when wood is delivered in proper 
lengths). If two drills are kept near each other, one sampler can look after both; hence, 
where several drills are in operation, they should be worked in pairs. Under favorable 
conditions one team ran serve 3 or 4 drills within a radius of C.5 or 0.75 mile. Keeping 
drills dose together also allows easy supervision and use of fishing or other tools in com¬ 
mon. A foreman for 3 or more drills wiU save his wages. Some engineers employ an 
extra driller or helper for every 2 or 3 drills, claiming that the saving in cost of moving, 
casing, and upkeep more than offsets the increased labor cost. For moving, setting up, 
casing, and pulling casing, 4 men (usually the crew of 2 shifts) are employed. For this 
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resaon, and in general. Snshift work («ther S, 10 ot 12 hr) ia more eoonomleal I3{uui 8 
8«hr shifts (34). 

Diamond>drfll work. The practice of keeping a number of drills near together h« 
■ftma advantages as for chum drills. Smallest iKisaible crew for 1 drill consists of ardrilf 
runner and fireman for steam-driven drills (or a driller and helper for motor-driven dritls)f 
on day and night shifts, and a foreman on day shift. Foreman sets bits for both shifts 
and tends to sampling on day shift; drill runner does sampling on night shift. Except in 
remote places, it is now common practice to return worn bits for resetting at factory, 
maintaining a sufficient supply of fresh bits to permit uninterrupted operation. In some 
locidities a drill runner and 2 helpers are used q|| each shift. In hard rocks giving good 
cores, whete the sludge frequently is nut saved, no special samplers are required; the fore¬ 
man or drill runner can attend to the cores. Where accurate samples depend on saving 
the sludge, samplers are generally necessary. C. E. van Barneveld cites an illustration 
of large-scale organization on the western Mesabi range (35). For 30 drills working 1 
shift, crew comprised 30 drill'runners, 60 helpers, 6 pumpmen, 1 blacksmith, 3 diamond 
setters, 2 cooks, 4 waiters, 1 superintendent, 1 clerk. 2 foremen, and 3 samplers. 

Contract work avoids outlay for drills and makes .a considerable saving on small 
amounts of drilling. The practice ia open to objection that the contractor may slight 
work of sampling to attain drilling speed. This objection is met by employing experi¬ 
enced men as samplers on company account, and by paying days’ wages to the drill crew 
for reaming and casing (see Sec 9). Where there is steady work for drills, it generally 
pays to buy the maeiiinos and import trained drill runners, but practice varies. On the 
Lake Superior iron ranges most of the drilling is contracted, due to complete organization 
and equipment of local contracting firms and their reputation for careful work. 

E. J. Longyear Ck> gives following data (1938) on 5 recent diamond-drilling contracts: 
(A) Iron exploration, Mich, 1930-31. Drilling from surface; overburden 60-150 ft 
deep, or approx 30% of total depth drilled. Carbon bits used exclusively. 4 drills 
worked two 8-hr shifts per day. Each crew included 1 runner and 2 helpers, while stand- 
piping through overburden; 1 runner and 1 helper for drilling rock. Aver crew for the 
job: 1 foreman, occasionally assisting with diamond setting; 1 diamond setter; 8 drill 
runners; 12 helpers; 2 pump-station men; 1 team and teamster; intermittent truck service 
as required. {B) Test borings at a dam site, Tenn, 1934; about 60% of total boring in 
overburden. Carbon and bortz bits (set on the job) were used. 4 drills worked 3 8-hr 
shifts per day, with a crew of: 1 drill supt; 1 diamond setter; 1 asst foreman and setter; 
1 clerk; 12 runners; 12 helpers; 3 laborers to prepare locations in advance and assist with 
moving; 2 pump-station operators; 1 pick-up truck (intermittent truck service as required). 
(C) Iron exploration, Mich, 1937. Drilling from surface, about 2% in overburden. 
Mechanically set bortz bits used almost exclusively. Of 2 driUs, 1 worked 2 shifts, other 
3 shifts, employing: 1 foreman and diamond setter; 5 drill runners; 5 helpers; 1 pump¬ 
station operator; part-time truck service. (D) Iron exploration, Mich. All underground 
core drilling, with 1 drill w'orking 1, 2, or 3 shifts; carbon bits set on tho job. Crew: 
1 foreman and diamoud setter; 1, 2, or 3 drill runners; 1, 2, or 3 helpers. (E) Gold 
explcration, So Dak. All underground core drilling with 1 drill; mechanically set bortz 
bits used. Crew: 1 head driller for day shift; 1 driller for afternoon shift; 2 helpers. 

Cost of diamond-drill exploration, per ton of ore proved, may range from less than 
Iff in large, uniform orehodies, to over 10(i in small, erratic deposits. C. K. Hitchcock 
reported in 1933 that Creighton mine proved 9 225 000 tons of ore with 28 803 ft of 
drilling at 1.4f per ton; Murray mine, 8 560 000 tons with 35 792 ft of hole, at 1,7^ per 
ton; Beattie Gold mine, 5 330 050 tons with S 822 ft, at cost of 0.9fi per ton proved. 

Borehole results are often misinterpreted. l<1g 53 shows a case where 2 holes on the 
flanks of a folded coal seam indicate a thicker horiz scam AB. C.'ireless use of data from 
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the hole in Fig 54 would indicate 2 seams instead 
of the true conditions. Results should be inter¬ 
preted in the light of collateral geological evi¬ 
dence. 

Single holes, w-hile valuable for determining 
position of an oreliody, give no information os to 
dip or strike, and often furnish erroneous values- 
for thickness. The use of deflecting wedges 
(Sec 9) in deep diamond-drill holes, for getting 
a second section of the formation from the same 


hole, is a cheap means of securing additional data. For survey of doflected diamond- 


drill holes soe Hoc 9. A case of error from single holes has occurred in districts such as 


the Missouri and Wisconsin zinc fields, where churn-drill holes following rich vertical 
strini^rs were taken to prove the existence of thick, flat orebodies. 
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8. SAMPLING BOREHOLES (See also Sec 9} 

* Accuracy of sapling depends largely upon the character of the material drilled. 
Diamond drills give accurate samples in hard rocks where core recovery is complete. 
Aotmrate samples are also obtainalde by chum drills in fine-graiaed, unconsolidated 
material, where casing pipe can be driven ahead of the drill bit or sand pump. 

Soft, broken formations which cave in the hole are most difficult to sample. In these 
the efficiency of the diamond drill decreases both for drilling and sampling, and chum 
drills are commonly used. Vugs, crevices, and brittle sulphides make sampling difficult. 
Cores are more satisfactory than churn^rill sludge for determining geological details, but 
careful panning of churn-drill cuttings generally makes it possible to locate changes in 
formation or mineralization within 2 or .'1 ft. A method of ‘‘ stmcture " drilling employed 
on western Mesabi Range (Art 10-b) yields cuttings in coarse fragments, permitting better 
visxial inspection. In coal, cores are necessary to get accurate widths, to locate partings 
and to secure correct analyses. 

Length of samples taken fror. boreholes varies from 6 in to 10 ft; usual length, 5 ft. 
In soft, caving ground, or where mineralization is irregular, short lengths are ^visable 



Fig 55. Wooden Sludge Box, Cleveland Cliffs Iron Co 


for accurate work. In firmer ground with uniform values, the longer lengths give ade¬ 
quate information and save expense for sampling and assaying. Calculations incident to 
large-scale boring are simplified by taking samples in 5- or 10-ft lengths and recording 
measurements in feet and tenths. , 

Diamond-drill samples consist of core, or sludge, or both. Where complete cores are 
obtained they are assayed, or the values estimated. In soft, broken rock, where core 
recovery is low, the sludge must be saved and its assay combined with that of the core. 
Fine sludge is often difficult to catch, but all must be sayed when drilling in ore which is 
near the merchantable limit of value. 

Barrels or specially designed tanks are used for settling sludge in some districts (Art 10) 
and give accurate results provided enough of theia aie used, filled and emptied in rotation, 
to allow entire fiow from the hole during a sample run to settle clear. .Sludog boxes 
are sometimes made on the ground. Fig 55 shows a type used many years by Cleveland 
Cliffs Iron Co; 2 such boxes are commonly connected in series, though frequently the 
second box collects but little sludge. Fig 56 shows another design (37); in this, the casing 
pipe projects through ihe bottom of the box, which allows it to bo placed inside the drill 
shanty. Box is lined with No 26 galvanized iron. The baffles are of 0.25-in iron, hinged 
at top to 3/8-in rods. Fig 57 shows a reinforced wooden box, with sheet-iron baffles, 
■widely used on Mesabi Range. With all types of settling deirice, the sample is collected 
and transferred to drying pans after the clear water has been siphoned off, or drawn 
through plug holes. Lime or alum wiU accelerate settling. Care is necessary to avoid 
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loss of fines; to prevent salting of succeeding samples, the box and diying pans must be 
thoroughly cleaned. Sludge containing sulphides must be dried cautiously to avoid oxi¬ 
dation and consequent errors in assays. 

At Miami, sludge boxes were found inadequate to'settle chalcocite slime, and samples 
were collected in heavy jute bags, which allowed the water to filter through. ComprubSiEd 
A ia was also used there at times, to force cuttings out of the hole and so avoid caves caused 
by flushing of water. Fig 58 shows method then used for catching samples. Air and 
cuttings were ejected through one branch of a cross placed in top of casing pipe, a small 
stream of water being forced into opposite branch. The sack used for collecting sludge 
allowed no dust or slime to pass, and indicated the air pressure in the hole (29). 

Causes of errors in diamond-drill samples; (a) Caving ground (indicate by behavior 
of driU); corrected by casing or cementing, (b) Loss of sludge in crevices; detected by 



measurement of water fed to and discharged by hole (which should not differ by more 
than 1%); corrected by injection of sawdust or bran, by cementing, or (as at Roan 
Antelope) by plugging with lead wool, (e) Attrition by drill rods against upper wall of 
hole, which may either enrich or impoverish sludge sample or introduce extraneous matter; 
in a hole known to be free from crevices, attrition may he detected and roughly estimated 
by comparing wt of recovered sludge with that theoretically produced by the drill, allow¬ 
ing for wt of core not recovered in solid form, (d) Failure to retain all fine sludge in 
settling boxes or otherwise; in a sulphide ore, some of richest particles may tend to float, 
(e) Failure to collect all sludge at end of sample run, particularly coarser or heavier 
particles; corrected by inspection of overflow caught at intervals in a beaker until no 
trace of solids is visible; during tliis operation, pump should run at full speed, and direc¬ 
tion of flow may be reversed by a temporary stuffing box around drill rod at top of casing; 
latter method gives higher rising veloc through rods, with smaller volume of wash water 
to be collected, but may not be feasible w'hilc drill is running. (/) Adhesion of sulphide 
mineral particles to greasy drill rods; in sulphide ores, oily rod-dopes should bo replaced 
by soap if lubrication is needed. 

H. L. Botaford describes a case of attrition (38) as follows: A hole at a Lake Superior iron mine 
passed through following strata; soft slate and pyrite, 14.’i to 215 ft; banded ore and chert, 215 to 
470 ft; soft iron ore, 470 to 545 ft; black slate, 545 to 602 ft. Cores from soft ore assayed 5 to 8% 
more in iron than corresponding sludge, and showed a trace of sulphur; the sludge ran 0.36% S. 
Cores from slate below 545 ft ran 5.1% Fe; sludge, 40 to 50% Fe. By suspending rods in the hole, 
and rotating them at normal speed for time necessary to drill 5 ft, nearly as much sludge was 
produced as when drilling ahead. This teat shows that, even in ground not caving so badly as to 
interfere with drilling, the rode may dislodge enough material from walls of bole to salt the sludge. 

G. W. Thomson (39), in drilling 4 holes in Porcupine district, Ontario, found the drag of values 
shown in Table 6. Orebody consisted of auriferous quarts stringers and lenses in schist, the latter 

carrying no values. Often the only core recovered from a 5-ft 
run consisted of short pieces of quarts of a combined length 
of not over 8 in. Values in the sludge did not correspond 
with the richer sections of the core, but appeared 6 to 10 ft 
below. Drag of values was roughly proportionate to depth 
at which ore was cut; little trouble was eaperienced from 
caving. Water supply was small, veloc of rising current 
being 6-8 in per sec. Theoretically, it takes about 75 min 
for current of 8 in per sec to raise a quarts grain 0.08 in 
diani from a depth of 700 ft. These conditions would cause 
the larger and heavier particles of sludge to hang back and 
appear later than tfau corresponding core. Information os to 
amount of caving, qontamination of sludge from walls, and loss of sludge in crevicea ean be obtained 


Table 6 


Hole 

Depth, 

ft 

Drag, 

ft 

Angle 
of hole 

1 

320 

15 

76“ 

2 

705 

25 

76” 

3 

655 

15 

90" 

4 

1 155 

35 

90“ 

















Reinforced Wooden Sludge Box, Mesabi Range 
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by weigbiog or measuriBg sludge from a sample run, and comparing result with calculated wt or 
volume. This gives an index of reliability of the sample, and shows where casing is necessary; 
however, actual and t^oretical sludge recovery may show close agreement, if losses and addi¬ 
tions to sludge happen to compensate. Vol of 
Water after filtering sludge: cu in«» 0.7854 (LD* — CZ)i*), where L •« 
7Mb air press through bag flows Ha in drilled, C » core recovered, in; D » diam hole, 
‘ ‘ in; Dt 


Staffing box 


Small stream 
of water“^ 



diam of core, in. 


Plank flooring 
Wire, fastening 
hag tightly 
to pipe 


Combining core and sludge analyses. 
Following methods are used for diamond-drill 
samples: (a) Core and sludge from a run are 
combined and assayed, giving correot results 
when the sludge is all from the sample run in 
question. (5) Core alone is assayed; correct 
only when complete core recovery is made, 
which is rare. Sometimes value of core is esti¬ 
mated from its appearance (Art 10-b, S E Mis¬ 
souri). On the Rand and elsewhere cores are 
split longitudinally; one half is assayed and 
the other filed for reference, (c) Sludge only 
is assayed; correct only when none or all of 
core enters sludge by being gi ound up in core 
barrel, (d) Coro and sludge assayed separ¬ 
ately, and an arithmetical aver is taken. 
This is incorrect, because volumes of core and sludge are unequal, (e) Core and sludge 
assayed separately and their values combined in proportion to their volumes. Tliis gives 


Fig 68 Catohing Sludge at Miami, Aria 


correct results; also the cores may 
be split and one half kept for geo¬ 
logical study. (Samples in Table 
6, were taken in 5-ft lengths.) 

Calculations for combining core 
and sludge analyses. Let D « 
diam hole, in, diam of bit out¬ 
side carbons + 1/32 in; Di = diam 
core, in, » diam bit inside carbons 
less 1/16 in; L = in drilled; C = 
core recovered, in; Vi = cu in of 
core; Fj »• cu in of sludge; V =» 
Fi + F*; A <■ aver assay of core 
and sludge; Ai = assay of core; 
At ■> assay of sludge. Then, A 


Table 6. Results of Two Methods of Assaying 
Diamond-drill Cores from Iron Ores 
(W. J. Mead) (40) 


AiVi + AtVt 




Vt 




Core, 

% iron 

Aver value (% Fe) 



in 

Metliod (d) 

Method (e) 


Sludge.... 


51.55) 

36.37 

48.23 



24 

21.20 J 

Boft 

Ore 

Sludge.... 

Core. 

Mliifige, . - 

’9 ’ 

44.15) 
30.051 
48.95) 

37.10 

43.48 



37 

34.00 1 

41.47 

46.35 


Sludge.... 

45.45) 

37.55 

44.68 


Core. 

II 

29.651 

Hard 

ore 

Sludge.... 
Core. 

31“ 

28.20) 
42.45 1 

35.63 

30.74 


Fi 

F 



£>! 

D* 



1 



whence, A 




At) + At 


H. L. Seward has constructed the diagram (Fig 59), from which values of ^ X can 

be obtauned for all cases where the sample run is 5 ft or less. When ratio betv/een C 
and L is less than 0.1, effect of core assay may be neglected, and assay of sludge be taken 
as the aver. 

Another diagram, Fig 60 from R. D. Longyear (123), indicates the weighting to be 
applied to coincident core and sludge assays, for varying percentage recovery of core and 
for 4 standard sizes of diamond drill; hole and core diams are estimated 1 /82 in, respectively, 
larger and smaller than bit diams. For another or off-standanl ratio of diams, the point 
corresponding to core recovery can be calculated by dividing square of core diam 

by square of hole diam, and a straight diagonal to the 0% corner of diagram gives inter¬ 
mediate factors. This and similar diagrams or formulas assume that: (a) both hole and 
core have uniform and ascertcinable diams throughout length of sample; (b) no attrition 
on upper wall of hole; (<:) all sludge corresponding to the core has been recovered. 
Although none of these oonditioiu may be perfectly satisfied, experience baaed on sub¬ 
sequent larger-aoale sampling or actual production shows that sufficiently dependable 
results are attainable by careful attention to drilling and sampling technique. Where 
particular obstacles to accuracy sire anticipated, the methods of calculation employed at 
Roan Antelope and described in Bib (124, 125) may become necessary, entailing determi- 
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nations of sp gr of samples besides the above factors. Borehole estimates in 1930 gave 
an aver value of 3.44% Cu for easterly end of Roan Antelope deposit; subsequent pro¬ 
duction and systematic underground sampling in same area raised aver to 3.52%. 

At Ajo, Morenci, and elsewhere in Southwest U S. assays are usually combined on 

basis of respective dry weights of 

- . 


J—laVj 


-4'o= 










o 


Fig 61 


core and sludge from a sample run, 
both being directly ascertainable 
(99,100). 

J. M. Weller describes (128) a 
method of calculation applied under 
difficult conditions at Round Mt, 
Nev; it involved length of run, length of core, dry wt of both core and sludge, and theoret¬ 
ical wt of core and sludge corresponding to 100% recovery of each, latter requiring 
determination of density. 

Churn-drill samples (see also Sec 9). With hollow-rod drills, using w'ater for flushing, 
samples are caught as for diamond-drill 
sludge. A sand pump is used with rope m ^ 

drills. The 6 to 10-in bits employed with ■“"* 


Nall 
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9 
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WpppHj 


llJI^^Rubber ipias^ preteetor 
made of vannat bdtlog 
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kludge Splitter, Ray Consol Co 


SIDE ELEVATION 

Fig 63 


these drills produce bulky samples. At Miami, in a 5-ft run, a lO-in bit cut about 450 
lb of rock; 7.625-in bit, r;60 lb; 6.25-in bit, 180 lb (41). Practice in handling these large 
amounts of material varies. Water and thin sludge are sometimes wasted, and larger 
and heavier cuttings saved for assay. This results in a total loss of slime and serious 
errors in assay, especially when drilling in brittle sulphides. 
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The suid pump may be discharged into a sluice box (Fig 61) built of 1-in surfaced lum¬ 
ber and set on low horses in front of drill. The partitions are set loosely between strips 
nailed to sides of box, for removal when cleaning up. Sludge is dumped into the 4-ft oompt. 
After settling, water is drained off through plug holes in far end c, .x»x. Remaining sludge 
and water are swept out through large plug hole into a tub or pails, and dried for assay. 
Good sampling practice for churn-driU work has been developed in the porphyry copper 
districts, where the numerous samples taken and necessity for saving chalcocite slime 
make this work difficult. 

At Nevada Consol, mine, all sludge and water were poured directly into galvanized- 
iron wash tubs, and dried over a slow fire to avoid roastin,? the sulphides. A 6-ft sample 
required 4 tubs. In other districts, the sand pump is damped mto a launder containing 
split dividers, built like the Jones riffle sampler (Sec 30). 

L. S. Cates furnishes drawings of a splitter used by Rat Consol Co. It consists of a 
launder (Fig 62), into which the pump is dumped and which in turn spills into the splitter 
(Fig 63), Mg 64, 6.u are drawings of the riffles. At Ray, the last split (about 40 lb) was 
dried for assay. Five tub.s were provided for each drill. Samples were taken in 5-ft sec¬ 
tions. Sampler kept a record a. d panned sludge from upper portions of hole. When 
specks of mineral appeared, the 4 previous samples were dried, so that assays of ground 



20 ft above first visible mineral were ob¬ 
tained and useless assaying and drying 
avoided (42). Similar devices are used in 
other districts, giring a final sample con¬ 
taining 0.26 to 0.0625 of the total cuttings 
in a sample run, depending on number of 
splitters used. 



Fig 65. Riffles of Kay Consol Sludge Splitter 


At the Utah Copper mink, churn-drill holes down tp 1 .500 ft are started as large as 
26 in diam. Kampling is in charge of geological dept, one sampler per shift for each rig. 
Samples cover 5 ft of hole: suction bailer is preferred, and up to 12 bailings have been 
nece.ssary to reeover all sludge. Sludge from bailer goes into a launder, 2 ft .sq cross-sec, 
usually 30-60 ft long and set on 6% grade, which leads to the stilit dirider (Fig 66); this 
stands on the bench where the drill is working. The sludge is cut down to one-eighth 
of its original vol. Two samples are taken; one dried at the rig before going to mine 
assay office, where it is dirided, and tine portion sent to the mills for analy-sis, the other 
analyzed at the mine; the other sample is further cut at the rig for a 50-ft composite wet 
sample to be used in flotation tests. Wt of samples can be regulated by opening or closing 
the cutter openings. This s> stem has proved satisfactory and is cheaper for installation 
than a tyiie previously in use; it is also accurate for sampling low-grade copper ores. 

Savannah Copper Co, Burro Mtn district, N M, dried samples in an assay offleo at a 
distance from drills. If sludge showed risible mineral, it was reduced in splitter to about 
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4 sal; if not, it was out to 1 gal. Final samples were put into 1-gal milk cans, with light- 
fitting covers, in wMcb they could be transported in wagons without loss (43). One 
sampler did sampling for 2 drills, kept notes and checked drillers’ measurements of depth. 

At Mascot, Tenn, when ohurn-drilling in limestone carrying zinc blende, all bailings from each 
3-ft advance are sampled and assayed; specimens of cuttings and their aeid-insol residuea are 
mounted on cards for compiling records. At Chimo, N M, churn-drilling in disseminated copper 
ore, a similar permanent record is made by gluing spcciinens of cuttings to a strip of board, gradu¬ 
ated to scale. Bottled specimens are also preserved. 


In all sampling work, sluice boxes, splitters, and tubs must be scrupulously cleaned 
after each sample run, to avoid salting succeeding samples. 




Fig 66 . Splitting 'Device for Churu-diill Samples, Utah 
Copper Co 


Errors in churn-driU samplos, 
besides those due to careless han¬ 
dling of sludge on surface, may occur 
as follows: (a) Caving of walls of 
hole at some point above sample. 
This results in high or low assays, 
depending on whether cave takes 
place in rich or barren material, (b) 
Caving of walls of hole at point where 
sample is being taken. If cave is all 
from a rich streak, sample is false. 
In ore of uniform grade, effect of 
such caves on accuracy of sample is 
small. Hole should hie cased before 
drilling ahead, (c) Inrushes of soft 
material from bottom of the hole, 
Bumetimes filling it for many feet, 
entirely destroy accuracy of samples. 
(d) Contamination of sludge by 
barren or rich material, rubbed off 
walls of upper part of hole by churn¬ 
ing action of tools and rope, may 
cause serious error, especially in low- 
grarle ores containing brittle sul¬ 
phides or where a difference of 0.3% 
or 0.4% in assay decides between 
commercial ore and waste, (e) Loss 
of sludge in crevices or vugs. Sludge 
lost in this way is apt to consist of 
fine slime; seriouaneas of resulting 
error depends on character of min- 
eraliz^on. Cases are reported from 
Wisconsin zinc fields where entire 
sludge has been lost in this way and 
a hole in ore reported barren (44). 

Above errors arc often apparent 
through wide variations in assay of 
adjacent samples, and discrepancies 
between actual and calculated wts of 
sludge. Bad caving is, of course, 
indicated by drill itself. Remedy 
lies in proper use and handling of 
casing. In soft materiid, casing can 
be kept close to bottom of hole and 
Bometimet* bo driven ahead of bit 
(Sec 9). In such holes a safe rule is 
to drive casing deeper before pump¬ 
ing. In harder rock, practically ill 
sources of error would be elimi¬ 
nated if the drill hole were reamed 


after each sample run, and casing driven to bottom of hole before drilling ahead for next 
sample. This procedure is costly and offsets advantage of chum drill in both cheapness 
and speed. Also, for reaming and handling casing in deep holes, a calf wheel is required, 
which is not usu'ally placed on portable churn drills. An appreximation to above pro- 
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oedure is obtained more cheaply by starting hole with a large bit, easing as soon as sludge 
shows mirieral, and continuing hole with a smaller bit. When caving is serious, another 
casing pipe is inserted inside the first and drilling is resumed with still smaller tools 
(Art 10-b, Porphyry coppers). In any given district, practice generally represents a 
compromise between cost and absolute accuracy. Pains are taken lb get samples accurate 
enough for the purpose; beyond that, cost of reaming and casing is avoided. 

Another error in churn-drill sampling occurs through failure of sludger to pick up all 
cuttings. Experiments have been made to determine loss from this source in placer 
testing. A piston (vacuum) pump in good order sliould be used. 1. J. Stauber, while 
drilling in Burro Mtn district, N M, made it a rule to bail not less than 15 times after each 
sample run (43). Fixed rules based on experiment should prevent error from this source. 
Churning action of tools may produce a concentration of values in sludge in hole. At Ely, 
Nev, it was found that the first bailerlul after drilling ahead assayed higher than suc¬ 
ceeding ones (45). This causes no error if all bailings for any advance of hole are put into 
same sample. In churn-drill holes, values sometimes drag or appear in sludge obtained 
from points below ore horizon; caused by dislodgment of mineral from walls of uncased 
holes; or it may be due to incomplete recovery of sludge by pump. In latter case, serious 
errors may result in interpretation', of both thickness and aver value of orobody. 

Borehole results should be checked by shafts or raises, especially in new districts and 
where they are to be used as a basis for calculating tonnage and aver value (see 
Ajo, Art 10-b). 


9. BORING RECORDS 

Forms are needed for keeping drilling records and costs, and collating sampling and 
geological data for preparing estimates of tonnages and grades. The most suitable forms 
and amount of detail includt»d depend upon the conditions of each case; following examples 
ofTer suggestions, h'orm in Fig G7 is a diamond-drill time record for one shift; that in 
Fig 68 covers 24 hr of drilling, with attention to details needed (jointly with assays) for 
compiling a record like that in Fig 73; the data on water recovery in Fig 68 are important 
as indicating degree of reliability of the sludge samples. Form in Fig 69, from Lake 
Superior iron district, facilitates calculation of aver grade from assays of core and sludge, 
combined in proportion to their wt. Form in Fig 70 applies only to churn drilling; that 
in Fig 71 applies to any kind of drilling. Fig 72 is a combined form for underground 
diamond drilling: entire form is filed at office, and each drill foreman recoivos duplicate 
of left-hand portion. Records in Fig 74, 74 1 are for exploratory hammer drilling (509). 

Printed forms are preferable to notobooka, as they insure uniform data. In amail- 
Bcale churn-drilling, the sampler’s field notes are often recorded in an ordinary surveyor's 
transit book. The hole is drawn to scale on one page, and rock formation, changes in 
ground, depths, water-level, character of mineralization, and sample numbers are entered 
in proper position as they are obtained; the following page is used for explanations and 
other detail. These notes are transcribed into a similar loose-leaf book for office use, in 
which assays are also recorded. Complete detail is essential in interpreting results. 
Besides the above, records should include: date of starting and finishing hole; total depth; 
location of hole; elevation of collar; time for casing; names of drillers, samplers, and 
helpers (see also Sec 9). 

Platting boreholes. Drawings of drill holes, showing formations and position and 
assay of ore, arc often necessary for intelligent computation of aver values. 


DIAMOND DBiDL TiMfi BSPOBT, Phelpe Dodge Carp, New Coruelia Breach 

TToIa Nn . __ __. . * . . .. ...... Shift.. 
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Fig 67. Diamoad-drill Time Report (original size, 8.5 by 11 m) 
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daily DtAUONS DBtLL BBPORT, Phelps Dodge Corp, New Cornelia Branch 

Hole No.CoOrdinatee.Date. 

Drill No.Size ol Core. 

Day Shift, Feet.Afternoon Shift, Feet.Graveyard Shift, Feet.Toted SM Hour*. Feet... 

Depth of Hole Beginning.Depth of Hole 24 Houre Later. 


From 

To 

Length Core 

Weight 
of core 

Kind of rook 

Ore minerala 
virible 


Number 
of run 

1 Mea- 1 
1 eured | 

Com- 
1 puted 

(11 line*) 
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General Hemarka 


j Water Recovery 

Run 

% Recovery 

(4 liner) 




Head Sampler 


Fig 68. Daily Dtamond-drill Heport (original size, 8.6 by 11 in) 
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- 

Location. 
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. State. 

Elevation. 



Pulled. 

Left. 

Holeatarted. 




Scale—1 inch 

- 50 feet 

Hole drilled by. 


Material elaaaified by. 




''ig 60. Office Record, Diamond-drilling, Lake Superior Iron Diatrict 


MINING DEPARTMENT, NEVADA CONSOLIDATED COPPER COMPANY 


PnoapDCT Dbill Rspobt No 

Hole No. Drill No. 

Shift. Date. 


Hole No. Drill No. 

Shift. Date.... 


Hoime 

Drilling 

Bailing 

out 

Casing 

Pnllinie 

caeiiig 

Fishing 

1 

Moving 

Repairs 

Miscel 

Cl line) 






1 

1 

Dp.nth hole, heeinnina ehift.. 

.ft 

Size of camng . 



Depth hole, end shift. .. . 
Depth drilled. 


. ft 

. ft 

Length of casing. 

Size bit used . 


.ft 

.in 

Sample 

No 

Depth 1 

Rock 

sample 

Sludge 

color 

Hardness 

Caving 

No 

bailers 

Is sample 
reliable 

(8 line*) 


1 

W .11 ■ . ■ 1. , i 





1 

n.. .... -.1 

Remabxs 

Describe condition of hole, snppliee needed, etc 

(5 lines) 

Depth of watw level. ... 

Samples sacked .. 

Samples drying . 






. . Driller 
... . Help«- 
. . Samplw 


'ig 70. Daily Churn-drill Report (original eiae, 4.5 by 7 in) 
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BolbNo- DAILY DRILL REPORT CoOro e! 



O- *- FartuMW O-K.. - - Sam^pr 


Fig 71. Report Applicable to Boring in General taize S.5 by 11 in.) 


DAILY REPORT, DIAMOND DRILL 


Locaiion . 

Prospect No . 


.Level . Mine 

. 10 . . 


Depth from breast, beginning of shift Feet 
Depth from breast, end of shift . . . Feet 

Carbons 
on Hand 

Carbons 
in Bits 
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ill 
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Distance drilled.Feet 
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Ahsayb 


Cu 


Ag 


Au 


Fe 


Report cauae of delay, accidents, loss or breaking of carbons, etc. 


Head Driller. 


Fig 72. Report on Underground Diamond Drilling, Butte, Mont 


Atbona Mines (088) employed diamond drill at I,ake Athabnska, Canada, in 193S, for systematic 
exploration of narrow quarts veins in sheared zones carrying erratic free gold: core recovery usually 
nearly complete. Vert trace of each hole was platted, at 1 in « 50 ft, on separate 11 by 10-in sheet 
of pure white, muslin-tracked paper, using Japanese transparent water colors for tinting. Stan¬ 
dardised system of over 200 symbols was adopted for these and related drawings. Plat included 
contacts, faults, interseotiona of dikes, interpretation of structures, and assays of core and sludge; 
also a legend stating: bearing, length, and dip of hole, coordinates and elev of its collar, and length 
of easing, 
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PHELPS DODGE CORP. HEW CORHBLIA 

(Coordinates: N 6084.87, E 3964.93. Elev 


Depth 

of 

hole 


Total 

copper, 

% 


Aesaye 

calculated Drilling 

to five-foot Summary interval 
intervals of 

- ores cut 

Total Oxide 
Cu% Cu% 


Accepted 

assay 


Analysis 


Sludge 

sample 


Core 

sample 


Total Oxide 
Cu% Cu% 



Fig 73. Upper Part of Consolidated Keoord of Diamond-drill 
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BRANCH, Diamond DrOl Hole No 191 

at coUar, 1794.04; at bottom, 1374.04) 


Analysis 



■E” Std. Bit 
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ENGINEERING DATA 



Zsooation 



Fbospbct Dull Hcmn Rbcobd 



_ : Block: . 


....Ft.. 

. of No. 

_ FJbv of Dollar_1 

Course:. 


. ,. . j Fitch:. 


Post 

Depth; . 



Sample 

No 

Oi 

Au 

Os 

Ag 

% 

Pb 


% 

Zn 

% 

Insol 


Formation, etc 

(6 lints) 









'KAmai'kft! 









1 fifaowinff followed - - 
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Hole suggested. ,. 


. . 19 _ 

By. 


Fig 74. Form Used at Chief Consol Mine 
This and Fig 74a are printed on opposite aides of a 5 by 8-in card (S09) 


Hole No. OPERATING DATA .Mine 

Fbospbct Dull Uolb Recobd 

Date Started. . Date Finished:.; Driller:. 

Helper;. 

Total Depth:. Ft. Values?. Followed Up?.First Shipment. 

No Machine Shifts: . No Man Shifts'. Total Labor Cost $. 

Adv per Mach Shift:. Adv per Man Shift:. Labor Cost per Ft $. 

Average Cost per Man Shift: $. 

Remarks: (10 lines) . . . 

Keeonl Complete:.19... .By. 

Fig 74a. Form Used at Chief Consol Mine (see note under title of Fig 74) 

Cleveland-Cliffs Iron Co plats all borehol'es on a looee-lenf form of tracing cloth, sise 14 by 14 in, 
on a scale of 1 in 50 ft (36). Fig 75 shows a scale plat of part of a diamond-drill hole near Scran¬ 
ton, Fenu; col 1 is a oloesification of strata drilled; col 2 gives continuous measurements from the 


Surface Elev 669.5 


Wash ao'o” 20V 


bundstane 23^4 . 3 S' 

T«p Split Ko 1 Seam 2tt 0 '2 o'* 


Blnie 84 5^ 6*5 " 

Bot Split No 1 Scum 36 7 2 2"^ 

Sandstone bb's" 19 V 

No 2 Seam 57^11 2 3 


Bluto 63'3’ S'g" 


Hsror or No 3 Seitn 73'7''lo'l'' 


Sandstone 106^7* Ss'o* 


bool iu7a" 


Sandstone lS3'5*16'lO* 


Clark 130 0" o'?" 

Hi 


+ £>39.5 
Fig 75 


eitffaee; col 3 shows thickness of each stratum. These drawings are generally made to scale of 
1 in B 20 ft, sn^ler scales will not show details of cool seama (47), Fig 76 is a form used at Utah 
Copper mine,^ Bingham (119) for collating the geologic, mineralogic, and assay data secured at each 
hole, also indicating the lengths and positions of segments of casing not withdrawn. If boreholes 
are surveyed (Sec 9) deviations are shown on plats. 
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Cor* boxM for preserving diamond-drill cores are usually open trays, 5 to 6 ft long, 
2 to 4 in deep, and wide enough to take 5 or 6 rows of oore; lonjptudinal partitions divide 
the box into grooves i/u or i/g in wider than diam of core. Boxes have 1-in sides sn4 
bottom, with 0.5-in slats for partitions. A tray when filled should not be too heavy for 



one man to handle. Box shown in Fig 77, as used by E. J. Longyear Co, is mode of 
28-gage galv iron and holds 20 ft of EX (7la-in) core; a sliding cover (not shown) permits 
box to be shipped without disarranging its contents. 

If much drilling is to be done, cases should be built into which core boxes slide like 
drawers. Fig 78 shows wooden core box for this purpose; comers are mortised, slats and 
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bottom are nailed in place. It ia adviaable to mark by an arrow the direction in which 
core ia laid in box; abo deptha at end of each row. Lost core may be represented by 
pieces of wood, on which length and character of misaing material can be noted (36). 



Fig 77. Galvanized-iron Core Box 


For storing large amounts of core so that they will be easily accessible for observation, 
narrow shelves or trays may be supported at intervals of 1.5 in on the sides of A-shaped 
frames (48). A piece of comigated sheet iron makes an excellent table on which to lay 
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Fig 78. Wooden Core Box 


out core for inspection. A common form of core qplitter, obtainable from diamond-drill 
makers, ia shown in Fig 79. 


10. EXAMPLES OF BORING AND SAMPLING PRACTICE 

a. Shallow Work with Auger or Drivepipe 

Mayarf and Moa diitricta, ClHiba, contain residual brown iron ores, up to 80't tliick; 
average 18 to 20 ft. The orebodies have enormous lateral area; in Moa, they are nearly 
continuous for more tban 70 sq miles. There is no overburden, but surface is covered 
with a heavy growth of timber and underbrush. Ore is clayey and stands a long time 
in boreholes without caving, d. J. Cox (53) and D. £. Woodbridge (54) gave following data 
in 1911. Earth augers, used for exploration, were made from ordinary 2-in carpenter’s 
augers with jointed rods (Sec 9). At Mayarf, first borings were on comers of 100-ft 
squares. Ore is remarkably homogeneous, and interval between holee was successively 
increased to 300, 500, and finally 1000 ft. " Results were checked by borings 25 and 60 ft 
apart on 4 limited areas, wid^ separated and each representing several million tono.'* 
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Subsequent mining has confirmed the v^ues calculated from boreholes. In the Moa 
district, 1 (MX) ft was the usuid distance between holes, though some drilling was done at 
greater and smaller intervals. About 900 holes were drilled in an area of 8 100 hectares 
(1 hole per 22 acres) by the Spanish American Iron Co, 1906. Work was cheeked and con¬ 
firmed in 1910 with a new set of borings made by an independent engineer. Two men on 
an auger put down 10 to 13 holes per day; aver depth, 20 ft. DriUers were paid 1.5 to 
per ft of hole for the first 10 ft. A water boy and sampler were provided for each crew. 
Occasional test pits were made to allow close study of the ore. Where holes were sampled 



Fig 79. Core Splitter 


in sections, cuttings from a 5- or 6-ft lengt.h were saved as a sample. Where sectional 
samples were not taken, auger cuttings were piled on a cloth, coned and quartered down. 

Tennessee zinc and barite. Residual deposits barite and calamine are ovurlain 
by clay and soil from a few feet to 100 ft deep (58). 

In 1909, Newmauket Zinc Co explored a tract of about 11 acres containing a deposit of 
zinc carbonate and silicate in tough residuad clay, 10 to 75 ft deep. Ore occurs near bed 
rock. Post-hole diggers (Sec 9) were used for holes at intervals of 50 to 100 ft. Dirt 
was washed and saved. Two men bored 20-40 ft per day. This simple method gives accu¬ 
rate samples in dry clay, which will stick on the digger and stand in hole without caving (59). 

Yellow Aster mine, Randsburg, Cal, in 1934 sampled 2 300 000 tons impounded amalgamation- 
mill tailinm, to ascertain euitability for cyanidation (31). Holes were at corners of 200-ft squares. 
Fost-bole augers proved unsatisfactory. Drilling done by hand with 2-in ship augers, using V 4 *in 
pipe in 20-, and SO-ft sections, for turning and lifting with aid of light tripod and tackle. Only 
easing used comprised short pieces at collars of holes, to support rod clamps while lifting and lower¬ 
ing. Total depth for il7 holes, 2 950 ft; aver, 30 ft; some, over 100 ft. Two crews, of 2 or 3 men 
each, took 45 days for the work. Each hole was sampled and assayed in 5-ft sections; composite 
Mmple representing each hole was required to check calculated aver to within 8^ i^r ton. 

Florida pebblo phoaiihate flalda. PhosphaUo ooncretions rarely exceeding 0.5-in diam occur in 
sandy olay in boris beds to 24 ft thick, overlain by 3.5-100 ft of barren aand and clay mixtures, with 
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Bome thin seaniB of hardptw; muck and quicksand also occur. CoKKaxctiib nucnca, doBcribed 
by C. A. Fulton (148) in 1035, usually c^ls for 16 holes on a 40-aer« tract. Vert 4t.&>in holes are 
sunk with hand augers to bottom of matrix bed, at about 5 ft per hr; cost, 30^ per ft. AU cuttings 
in matrix are recovered, weighed, and sampled. Complete record of each hole includes: (a) 
depth of overburden; (b) depth of matrix; (r) tonnage (long tons per acre, dry basis) of pebble 
coarser than It-mesh; (d) corresponding tonnage of phosphate finer than 14-mesh (not consi^red 
in former years, but now recovered by flotation); (e) assay of each sise of product for Cai(P 04 )t, 
FejOj -I- and insolubles. From above data, calculation gives ou yd of overburden and of 

matrix per ton of recoverable phosphate, and total tonnages, by grades, of phosphate in the tract. 
Work by U S Gool Surv in 1936, for purpose of cnassincaTiON only, demanded fewer boles Uian 
commercial valuation, only 1 to 3 or 4 per 40 acres (149); these were drilled by hand with 4-in earth 
auger, inside a casing of extra-heavy 4.5-in steel pipe (4.25 in inside diam),with screwed joints flush 
outside. Bottom end of casing was notched, point.s of teeth being spread to excavate a section of 
S-in diara. Casing was sunk by twisting under wt of 2 drillers operating auger from platform at 
top; bottom,of casing was always (while in phosphate bed) ahead of auger. Depth of 110 ft was 
thus reached. All {ihosphatic material from a hole was collected, drained of its loose water, and 
weighed, still averaging moistuie. It was then washed in a box having a bottom of sheet 
steel punched with 0.5 by l/sj-in slots; all remaining on screen was called "pebble," weighed after 
drying, and calculated as a percentage of damp wt of original material, or "crude.” Aver wt per 
cu ft of undried crude was also ascertained; usually about 125 lb. Pebble contents, long tons per 
acre, was computed from measured thickness of bed. Cost of such wide-spaced sampling estimated 
at $.S^ -$10 per acre. 

Tennessee brown phosphate (3.38). For geological occurrence, sec Art 07. Earth augers and 
post-hole diggers are used. For preliminary examination, holes are at corners of 500-ft squares, 
but 50-ft spacing may be adopted for delimiting a deposit before mining begins. Phosphatic matrix 
ran be recognised, and its value roughly estimated by visual inspection, but samples are taken 
t.yritematical!y, w-ashed tree from clay, and analyzed. Aver matrix weighs 90 lb per cu ft in place. 
For prospecting a tract near Franklin. Tenn, the T V A let contracts for auger holes at base price 
of $1.15 each, for depths to 10 ft, plus 20^ per ft to 20 ft, plus 35f! per ft to 30 ft (30-ft hole thus cost¬ 
ing $0.6.5), plus 50^ per ft to greater deptlis. Contractors supplied all equipment except augers, 
and transported samples 40-50 miles to laboratory. From 1636 through 1038, cost to T V A for 
this prospecting, mainly by holes at corners of 200-ft squares, averaged $5 per acre. 

Atolia-Rand gold-scheelite alluvial deposits, near Atolia, Cal, were systematinally 
explored by boring in 1935. Large samples were taken and concentrated in a pilot mill 
on the property (32). Deposit, 15-65 ft deep, consisted almost, wholly of angular gravel 
to 2-in diam, in which gold (partly free aiid partly included in quartz fragments) and 
echeelite were erratically distributed both vertically aud laterally; present topography 
gave almost no indication as to bed-rock contours. Earliest holes were spaced 275 ft in 
rows 400 ft apart, but, as most promising areas came into view, holes were spaced 60 ft in 
rows 150 ft apart; holes in adjacent rows were staggered. Two “ California cesspool 
diggers," a large pod auger, mounted ou 3-ton truck and rotatecl by the truck motor, 
were employed, for latter half of the time on 2 8-lir shifts each, requiring per drill-shift: I 
driller, 1 helper, 1 laborer, 1 driver of truck conveying sample. No casing was necessary. 
Boles averaged 28-in diam, but dimensions corresponding to each sample were accurately 
mea-sured; a level truckload (1.5-ton truck) w'as taken as standard sample, corresponding 
to about 0.5 cu yd of gravel per yd of depth. Cemented gravel, which could not be 
handled by the auger, was loosened with a 3 000-lb 24-in chopping bit, or a 2-in hole was 
drilled 2 ft deep at center of pit and fired with a light dynamite charge. Plow-steel cutting 
edges of auger were removable for shariiening; 2 sets usually needed per drill-shift. 
Performance over the whole period (1 drill 1 shift from Juno 14, 1 drill 2 shifts in July and 
Aug; 2 drills 2 shifts from Aug 28 to Nov 9) was as follows: total holes, 1 239; total 
dep^, 16 705 ft; total samples, 2 495; total (place) vol of samples, 2 640 cu yd; payment 
to boring contractor, $0,986 per ft, not including surveying or testing samples. Aver 
performance during 2 mos, when both drills worked 2 diifts every day (61 days) -vraa: 
holes per drill-shift, 1.95; depth of hole, ft, 19.4; depth per drill-shift, 37.95 ft; samples 
per drill-shift, 5.3; vol of sample, cu yd, 1.12; cu yd per drill-shift, 6.9; depth per sample, 
ft, 7.1; depthper cuyd, ft, 6.4; deepest hole, ft, 67. For details of concentrating samples, 
see Bib (32). 

“Con-Tractor” drill, described by W. A. Van der Hoff (46), has been satisfactory in 
Sumatra for testing wet olluvials containing numerous 6-8-in pebbles, to depths of 28-30 ft. 
Drill comprises 24-in pipe or casing, turned by a clamped spur-ring actuated by worm at 
end of a universal-jointed shaft driven from a Fordson tractor, on which entire equipment 
is mounted. A toothed cutting shoe aids in displacing large pebbles. Total wt of outfit, 
about 6 tons; it consumes about 2 gal of kerosene per hr. Water remains in the hole. 
Gravel is excavated by 2 modified orange-peel buckets, one for coarse pebbles and bits of 
timber, and one for finer gravel; a third type is used for scraping bed-rock; all operated 
by winch and cable running over a pulley at top of a gin pole. Testa showed very high 
recovery of theoretical core. 
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Chip samptes of buried outcrop Biupected under as much as 100 ft of overburden have 
been obtained by a method described by J. Belicuap (117). A 3-in pipe in &-ft lengths 
was first sunk to bedrock by combined pile-driving and wash-boring, and seated firmly, 
using plaster paris for sealing, if necessary. Sampling bit (Fig 80) was a hollow cylinder e, 
4.5 in long, 1 in outside diom, with 4 triangular teeth at 
bottom, diverging slightly, and surrounding a central hole 
/ tapering upward, which acted as a trap to hold chips. 

Upper end of bit was screwed to bottom of a string of 
>/g-in pipe c, by which it was raised and lowered, and 
supplied with a gentle stream of water from hand pump. 

Impact was applied through another string of 1-in pipe b 
outside of the ^/g-in, churned by hand from surface, and 
striking on vrashers d protecting top of bit; latter could 
be turned, but was not lifted off bottom until choked with 
sample. 

Drive pipes, without boring or pumping, were used 
for testing a 14-miie stretch of rlluvium, averaging 200 
ft wide, along Rock Creek, Atlantic City, Wyo, in 1932 
(118). Gravel, under 3 ft of barren loam, was 9-12 ft (aver 
10 ft) deeb; it contained relatively few boulders, none over 
18-in diam; of gravel later dug and washed, 65% was finer 
than 0.75-in. Decomposed bed rock was 2-5 ft deep and 
most of the gold (small and rounded) was w'ithin lower 6 
in of gravel. First line of holes, spaced 150-300 ft, followed 
center line of channel. On other rows across channel, 

0.5 mile apart, spacing was 20-60 ft, depending on sur¬ 
face indications. Holes averaged 14 ft deep and were 
driven through the decomposed bed rock. Pipe or casing, 

4-in diam, with cutting shoe of slightly less inside diam 
to aid in holding core, W’aa driven to refusal by 275-lb 
hammer operated by a winch driven by a Chevrolet engine 
on skids and dragged by its own power. Chitfit cost $300. 

Casing was pulled by tripod and tackle (4- and S-sheave . pipe, 

pulleys), assisted by jacks when necessary. Sample was c, stem pipe, 

removed (by special spoon) and panned in 6-in sections. ^ washers. 

Crew of 3 men sunk 140 holes in 2.6 mos at cost of $2 000, g’ saniplliig bit. 

or $1.12 per ft; 4 holes were stopped by boulders but p. ^ chipeampling Bit 
were successfully rodnven alongside. At 46 aver boles, 4 

by 6-ft shafts were sunk, washing all the gravel in sluice-boxes. Aver values per cu yd 
(@ $20.67 gold); 19i from holes; 21.8^ from shafts; 25^ from subsequent treatment of 
740 000 cu yd along 2 miles of channel. When pi{>o-sampling, colors worth more than 
1^ each were not included in valuation, 

b. Deep Boring in Rock 

Porphyry coppers. These orebodies are largo, low-grade deposits of copper minerals 
(usually chalcocite), disseminated in altered and shattered monsonite porphyry, granite, 
or schist. They have large horia dimensions and are overlain by leached zones (capping) 
varying in thickness from 0 to 600 or 700 ft. Attention was first drawn to some of these 
deposits by favorable surface indications; others were discovered while working higher- 
grade deposits in their vicinity. Ores range from 0.6% to 3% Cu; lower limit is now a 
commercial one. Borimg vractick in different districts varies only in minor details. 
Holes arc frequently bored on corners of 100 to 400-ft squares; most often, 200 ft; some 
work has been done with holes placed at corners of equal equilateral triangles; see Utah 
Copper mine, below. Drill-hole results are chocked at intervals by test pita, raises or 
winzes, and by drifts run on coordinate lines to show variation in copper content between 
holes. Table 7 shows work done by some of the porphyry copper mines during early 
stages of their development, and the relative amounts of boring and underground work 
done before actual pro<iuction began. An indeterminate part of the footages given for 
underground work at Miami, Ray, and Inspiration represents development work pre¬ 
paratory to mining; figures for Ajo cover exploration work alone. For details of churn¬ 
drilling practice on the porphyry coppers, see See 9. For churn-drill sampling practice, 
see Art 8. 

Chile Exploration Co, Chuquicamata, Chile. P. Yeatman and E. S. Berry furnish fol¬ 
lowing data on drilling from beginning of work, April, 1912, to Oct, 1914: High cost was 
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Table 7. Porphyry Copper Mines, Early Development and Boring 



Company 

Area 

devei- 

opod, 

acres 

Under¬ 

ground 

work, 

ft 

Aver 

thickness 

of 

capping, 

ft 

Aver 
thickness 
of ore, 
ft 

Tona 
ore per 
ocre 

Total 
ft of 
drilling 

Depth 
of drill 
holes, 
ft 

Data 

a 

Miami Copper Co 

43 

73 388 

200 


418 600 

19 200 


1911 

b 

Inspiration Cop Co 

40 

27 526 

368 

167 

543 000 

45 433 

. 

1911 

c 

Ray Consol Cop Co 

105 

44 753* 

242 

113.5 

395 200 

90 000 


1910 

d 

Ajo Oop’r Co, Ari* 

55 

5 610 

t 

50-600 

727 000 

23 097 

1 275 aver| 

1913 


(o) J. P. CbanninK, E & M Jour, May 27, 1911, and “Copper Handbook," 1010-11, 

(6) Annual report, E it M Jour, Apr 1, 1911. 

(c) 2nd Ann Kept Ray Cons Co, and Edwin Higgins, E M Jtntr, Apr 23, 1910, 
id) New Cornelia Branch, Phelps Dodge Corp. Data from Ira B. .loralemon, Trana AIMS, 
Vol 49, p 593. 

• Sep 1, 1910. In Jan, 1910, about 700 ft of raising had been done alongside of drill holee (62). 
t Instead of barren capping, this deposit was overlain by low-grade carbonate ores, 20 to IM ft 
thick. 

duo to extraordinary expenses and troubles incident to starting work in a remote region. 
At first there were numerous small difficulties in getting fuel to drills; water had to bo 
hauled 2 miles by mule team to an elevation of 1 000 ft, while pumps and pipe lines wore 
being installed. Delays during first 0 months’ operation, due to late delivery of repair 
parts from U S, caused shutting down of some drills for weeks at a time, while wages of 
drillers and helpers continued. 11 holes were over 1 000 ft deep; many were between 
600 and 1 000 ft. 8 churn drills were purchased, costing, with necessary repair parts, 
delii'ered on property, about $67 000, or $1.47 per ft of hole drilled. 

New Cornelia mine, Phelps Dodge Corp, Ajo, Ariz. Diamond drills exclusively were 
used for initial exploration by Ajo Copper Co in 1911-1913. Greenway and Joralemon 
furnish following (27): When work was started, it was decided to drill 1 500 ft of hole on 
most favorable showings. Diamond drilling could be contracted at $4.75 per ft; no 
churn-drill contractors were available. The limited time required .operation of 2 drills. 
Cost of buying 2 churn drills was $8 000; cost of churn drilling was estimated as $3 per ft. 
Assuming sampling costs equal for both drills, and allowing nothing for 2 churn-drill 
outfits at expiration of work, diamond drilling would save $5 375 on 1 500 ft of hole. 
These factors led to choice of diamond drills. They gave accurate samples, and the 
results warranted further exploration. To secure uniform sampling data, work was con¬ 
tinued with diamond drills at contract price of $6 per ft. Extremely rough topography 
and consequent difficult construction of drill roads, also influenced choice of drills. 

Holes were drilled on corners of 200-ft squares; company men did the sampling. A low 
percentage of core was recovered, liecause of fractured nature of rock. Drill holes were 
sampled in 6-ft sections. All sludge was caught in barrels (4 or 6 at each hole) and settled, 
water decanted, and sludge dried and quartered to 3 or 4 lb. Small samples of core and 
sludge from each 5-ft section were kept for reference. Sludge and core assays were com¬ 
bined on basis of respective dry wts of material recovered. Shafts, 4 by 6 ft, aver depth 
50 ft, were sunk to check drill-hole results. Sinking was done by hand drilling, hoisting 
by windlass, with Mex and Indian labor, usually under contract; to SO-ft depth, a shaft 
could be sunk more cheaply than a diamond-drill hole. Muck was sampled os shafts 
were sunk; later, groove samples were cut on all 4 sides of each shaft. A little drifting 
was done on coordinate lines, to show variation in copper content between adjacent holes, 
and some raises were put up on drill holes from drifts. Two years were spent in doing 
the following work: 84 diamond-drill holes, 200 to 1 000 ft deep, total, 23 176.6 ft; 
1 059 ft of sbidts for checking drill holes in carbonate ore; 175 ft shafts for checking drill 
holes in sulphide ores; 2 721 ft shafts in advance of drilling; 1 513 ft drifting in sulphide 
ores; 142 ft raises. Calculations based on this work showed about 40 000 000 tons ore. 
Shaft samples in carbonate ore averaged 0.005% lower than corresponding drill-hole 
samples; shaft and raise samples in sulphide ore averaged 0.05% lower than drill-hole 
samples, and drifts in sulphide ore averaged 0.26% higher than values indicated by drill 
holes at corners of blocks. Table 8 gives cost of drilling, based on 17 310 ft of hole, and 
cost of sinking 4 000 ft of shaft; superintendence, ofiSce and engineering expense are not 
included. For ftirther details of diamond drilling prior to 1932, see Bib (100). 

Recent work at Ajo has not varied greatly from that in the early development. No 
diamond drilling has been done sinoe Stp, 1937, to which time 270 holes totalling 141 300 ft 
had been drilled. Aver depth, 523 ft; deepest, 2 200 ft. Aver core recovery from 231 
holes was 49.8%; max from any hole, 78.4%; min, 8.3%. In 1937, cost of 10 562 ft of 
.drilling was: contract price, $3.42; supplies, $0.07; sampling and eng'g, $0.80; total. 
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TaU« 8. Cost of Early Work at Ajo Copper Mine, Axiz 

(Now the New Cornelia Mine, Phelps Dodge Corp) 


Diamond drilling 

Coat per ft 

Shaft sinking 

Cost per ft 


$6.00 

Labor. 

$ 4.9653 


0.0174 

Supplies. 

1.1877 

Muoellaneous. 

0.0379 

Blackamith and carpenter ehopa. 

0.4042 


0.3422 

Miscellaneous. 

0.0797 


0.1370 

Sampling... 

1.1930 


$6.5345 

Channel sampling. 

2.2860 


Total . 

$10.1159* 


* Aver depth, 50; mas, 125 ft. Last few ft of ahafts, 125 ft deep, cost over $30 per ft. 


$4.29 per ft. Recently a few holes were drilled with one of the cuobn orilib regularly 
used for blast-hole drilling, but equipped to handle 1 200 ft of cable. These drills are 
electric powered, mounted on caterpillars, and self-propelled. Total wt of tools, including 
500-lb bit, 2 535 lb. Bits arc 9-in diam, drilling a 10-in hole. Holes are cased only at the 
collar, wi^ one 24-ft length of 10-in casing. In 5 holes averaging 649 ft in depth (max. 
775 ft), an aver of 21.6 ft was drilled per 8 hr, or 5.6 ft for each bit ebamge. Excluding 
supervision and overhead, cost of churn drilling has averaged $1.33 per ft as follows: 
operating labor (o) $0.46; bits (51 $0.43; power, water, casing, $0.21; transportation 
(c) $0.04; maintenance, $0.10; sampling, $0.09. Total, $1.33. (a) Driller and 1 helper. 

(5) Bits sharpened mechanically; aver cost per sharpening, $2.41, incl steel loss, (c) Drill 
serviced once each shift by a truck having power hoist for handling bits, with driver 
and 2 helpers. 

Chino mines, Santa Rita, N M. Data from H. A. Thorne (63) in 1931. Orebody is 
roughly elliptical, about 13 500 ft in perimeter and at least 600 ft deep at center. A core 
of porphyry is surrounded by sediinentarics, both greatly altered and contniniiig dissemi¬ 
nated sulphide and oxidized copper min¬ 
erals; aver grade of open-cut orebody 
was estimated in 1930 at 1.27% Cu. 

Leached capping varies from nothing to 
150 ft thick. Earliest holes were bored 
with steam-driven churn clrills, at 
corners of 100-ft squares, later increased 
to 200 ft; aulisequcnt holes, averaging 
900 ft deep, by gasolene-powered drills, 
starting usually at 13 in; casing used 
whenever caving occurs, but always 
upon entering or leaving an ore zone; 
bits sometimes as small as 3-in. Sludge 
is bailed at 5-ft intervals and split on 
riffles into 4 samples for mine, mill, 
engineers, and reserve. Table 9 gives 
records of 2 holes, one drilled by steam 
and one by gasolene power; for each, 
total labor cost about $23 per shift. 

Utah Copper mine, Bingham, Utah. For geological data, sec Art 96. Prior to acquisi¬ 
tion of the property by Utah Copper Co and its exploitation by open-cut methods, the 
margins and upper parts of orebody had been explored by many miles of underground 
work (Fig 81) (119). The Co continued exploration by boring, mainly with churn drills. 
A few diamond-drill holes wore found unsatisfactory, ddb to wide discrepancies between 
core and sludge assays in this ground. Earlier churn-drilling to over 2 000-ft depth was 
done with oil-well rigs with 75- to 80-ft frame derrick. For recent work, a modified Star 
rig with 80-ft steel derrick is used, operated electrically. Most holes are drilled from 
benches in the open cut, starting in ground loosened by blasting. Because of this and the 
depth, holes are begun at 26 in, with stove-pipe casing to 80 or 100 ft; 23-iTi casing follows, 
with smaller sizes, even down to 4-iir, as required. A max <if 50 ft of uncased hole is allowed. 
Holes are roughly at corners of equilateral triangles, and spaced at about 400 ft, except on 
nearing limits of orelxxly, where spacing is 200 ft. For sampling, in charge of a sampler 
at each rig, see Art 8. Cost of earlier holes was about $20 per ft. Recent (1938) work is 
done on contract at 50^ per ft, the company furnishing ail equipment and casing. Aver 
cost of five 1 000-ft holes, $12.43 per ft, incl sampling. Early drilling rate, 4 ft per day; 
present rate, 12.7 ft from apudding-in to completion. 


Table 9. Churn Drilling at Chino Mines 



Steam 

Gasolene 

Depth, ft . 

945 

965 

Shifts moving and setting up.. 

7 

3.66 

" drilling. 

102.08 

76.42 

“ casing. 

2.92 

2.92 

" total. 

112 

83 

Aver ft per shift, total time... 

8.44 

11.62 

.drilUng. 

9.25 

12.62 

Coat per ft: 



Labor moving and setting up 

$0.168 

$0,088 

" driUing. 

2.463 

1.828 

" casing. 

0.070 

0.070 

Fuel. 

0.446 

0.229 

iSupplicB. 

0.071 

0 044 

Snuipliiig and aasaying. 

0.503 

0 487 


$3 721 

$2 746 i 
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northern RhodeeU. Data from Mataon and Wallia (125). The bedded, diaaemi- 
nated copper sulphide ores were first explored by churn drilling, which failed to give 



Fig 81. Churn-dnll and Other Development, Utah Copper Mine 


adequate information as to geological structure and was replaced by core drilling (diamond 
and shut). Spacings up to 1 000 or even 2 000 ft were considered satisfactory in the early 



work, due to persistence 
of the ore strata. Close 
attention was given to 
insuring complete return 
of water, as this was be¬ 
lieved to determine reli¬ 
ability of sludge assays 
better than calculations 
of theoretical volume of 
sludge recoverable; if mea¬ 
sured flows of descending 
-B and rising water failed to 
agree within 1%, the hole 
was cased or cemented be¬ 
fore proceeding. At end 
of a run, not exceeding 4 
ft, drill was stoi^ped, pump 
run at full speed, and 
waslung continued (some¬ 
times 45 min or more) 
until overflow carried no 
sediment; flow was some¬ 
times reversed for quicker 


return of sludge. Entire 


overflow was led by 20-ft 



Fig 82. Catching Drill Sludge, Mor Rhodesia. (Sump used only 
when insttfficiert fall for natural drainage) 


swinging launder consecu¬ 
tively to one of 10 or more 
semi-cylindrical, galvan- 
ixed-iron tubs, 9 ft long 
by 3 ft wide, each sup¬ 
ported in a wooden frame, 
and standing in a semi¬ 
circular row (Fig 82). 
Tanks had inside rocker 
pipes (Fig 83) for decant¬ 
ing water after sludge had 


settled; sludge was discharged into a smaller tub by unscrewing the pipe inside, dried, 
weighed, crushed through 30-mesh, and quartered to two 4-lb samples. Shot-drill 
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■tudge^ including that from the calyx, was crushed until nearly all material except iron 
would pads 60-mesh; coarse iron was extracted by magnet, and weighed; that in the 
fines Was determined by analysis, and deducted by calculation. Core was weighed dry 
and in water, for its sp gr; also measured as to length and diam for calculating sludge 
recovery; finally split, and one half crushed for sample. For detailed method of calcu¬ 
lating aver value for a hole and for orebody, see Bib (125); in discussion, the method was 
criticised as imduly elaborate. 

Lake Superior iron ranges. Ores are masses of soft or hard hematite, in metamorphic 
rooks. Orebodiea were formed by leaching and concentration in troughs caused by folds, 
faults, and intersections with dikes. Mesabi ores lie horiz and present ideal conditions 
for exploration by boring. Elsewhere, the iron formation dips steeply, and orebodiea, 
where exposed, show their edges only. Region is drift-covered, but, in Marquette, Eastern 



Menominee, Gogebic, and parts of Vermilion ranges, there are numerous hard-rock out¬ 
crops, to which early exploration was confined. 

Surface showings have been taken up and exploration is now limited to diamond drill¬ 
ing for orebodies at depth. Much successful drilling has been done at random, but geo¬ 
logical conditions are now so well known that the usual hazard of exploratory work is 
reduced. C. K. Jjeith states that with intelligent supervision 2-8% of exploratory drilling 
should be in ore, defiending on the district (50) Ma{>s, published by state and national 
geol surveys, show location of areas covered by iron formation (51). Within these areas, 
outcrops, petrology, stratigraphy, and geol structure are studied in detail and magnetic 
surveys made before drilling is begun. This information tends to eliminate worthless 



Fig 86 Fig Se Fig. 87 


areas. Highly silicated and strongly magnetic areas, and those in which the rocks of the 
iron formation are " lean and tight,” are nearly barren of commercial orebodies. Prospect¬ 
ing is probably most difficult on Menominee and Gogebic ranges, because of their com¬ 
plicated structure. Usually holes are drilled perpendicular to dip of iron formation. 
Following examples from P. B. MacDonald (52) are tj^ical. 

Fig 84, Marquette range. Diamond-drill hole, 600 ft deep, located between 2 outcrops, 
a diorite dike and a low hill of Goodrich quartzite known to overlie iron formation in this 
district. Hanging wall of dike offered a favorable p^ace for concentration. Fig 85, 
Marquette range. “Only outcrop is a ridge of Ajibik quartzite, a rock known to underlie 
Biamo slate usually forming the footwaU of ore formation." Dip of formation was deter¬ 
mined from the quartzite, and hole started far enough back to allow for thickness of Siamo 
slate. Fig 86, Amasa district. Good orebodies were known in mines at A and B. No 
outcrops; surface drift, 100 ft deep. Magnetic survey showed a line of max dip, which 
indicated a bend in formation alwut a mile away. Bince such angles arc favorable places 
fur ore concentrations, a diamond-drill hole was put down at about some distance from 
max dip line as mines A and B. Fig 87, Crystal Falls district, shows a diamond-drill hole 
which was abandoned in a fine-grained gray dike thought to be footwaU slate. Later 
microscopic examination revealed its true character and drilling through the dike disclosed 
100 ft of ore. For details of practice and costs of diamond drilling in Lake Superior iron 
•districts, see Sec 9. Sampuno phacticb is illustrated by following rules of procedure 
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(1938) by the Cleveland Cliffs Iron Co, according td £. L. Derby, geoloipat for the Ca 
Set sLi'DGB BOX (Fig 55) just lielow ffoer of drill shanty, in such position that there is 
room to siphon off water and take .out sample without moving box. (Frequently 2 
boxes are used in tandem, sludge water flowing from box to box, to inatire an accurate 
sample.) Connect a tee to top of standpipe or casing, and load a pipe from it to nearer 
end of sludge box, at such height that it will be level or slant towards sludge box and just 
rest upon its top, and of such length that it wilt not project more than 1 in beyond edge of 
box. The pipe must not exceed 2 ft long; if longer than 1 ft, it must be split on top for 
1 ft nearest dudge box, so that sludge collecting in pipe may be seen. Set box level, so 
that water will overflow evenly across whole width at far end, and wedge partitions firmly 
in close contact with bottom of box. Top of partitions should be 1 in below water level. 
Box is now ready to receive sample. While drilling, care must be taken that no water 
from drill hole escapes around or over the tee, except through pipe leading to sludge box. 
There must be no leak from box and the plug at the end must be tight. Sludge samples 
are taken for every 5 ft drilled, or leas, preferably from even 5-ft intervals; that is, from 
460 to 465, 465 to 470, etc. Whenever a sample is to be taken, drilling must be stopped 
and hole washed out clean. Pipe loading to sludge box must bo cleaned out into the ^x. 
and pump must then be stopped or tee turned so that water will not discharge into box 
Carefully remove partitions in box, so as not to stir up sludge. When sludge is settled 
siphon off surplus water, keeping end of siphon near surface of water, and not di.aturhia(i 
or drawing off any fine sludge from the hiottora. Biphon may be allowed to flow until 
sludge begins to go off with water. Take out hose and thoroughly mix sludge in box to a 
mud, which i.s then placed in a pan on a boiler to dry. Pan must be at least 8 by 12 in 
by I in deep, w'ith flat Ixittom, and is thoroughly cleaned each time before a sample is put 
info it. If enough water cannot be drawn off, without disturbing sludge, so that sample 
can be contained in this pan, use a larger pan. When sludge has been cleaned out, remove 
plug at end of box, wash out with a pail or two of water, then replace plug and partitions, 
and drilling may be started again. Sludge must be labeled, giving depths between which 
the sample was taken, and must all be saved and turned over to inspector when drilling in 
iron formation, or in other ferruginous or red material. While drilling in material from 
which a sample should be taken, if water is lost, or if sludge does not come up with water, 
or if it'is contaminated with material caving from upjier part of hole, drilling must be 
stopped until hole is put in such condition that good sludge can again lie obtained, or until 
inspector permits drilling to proceed. Whenever drill runs into or out of ore, 1 ft or more 
thick, drilling must be .stoi>ped, and sludge box cleaned out, without waiting to comploto 
the 5-ft run. When drill nins out of ore, continue taking and saving sludge samples for 
at least 20 ft, no matter what the material, to ascertain whether ore is caving. Keep cobb 
separate from sludge; each time core is pulled, label it with depths between which it was 
recovered. Each run of core i.s kept separate, and all core saved and turned over to inspec¬ 
tor. When core is pulled, if it is found that more is saved than in proportion of 1 ft of core 
to 10 ft of drilling, sludge box must be c:loaned without waiting to complete the 5-ft run, 
and the sludge labeled and saved separately. If sludge from a shorter distance than 5 ft is 
in liox at. end of shift’s work, and if less than above proportion of core is saved, sludge may 
be left in fox, provided shanty is locked and Iwx is inaccessible from outside. If anybody 
can get at the Iwx, and if there is no watchman, sludge must bo removed from box, dried, 
labeled, and placed with other samples. 

Mesabi Range, Minn. Ores are massive, flat deiiosits of hematite, of groat horis 
extent as compared with their depth. Orebodies are generally less than 200 ft thick, 
and may extend laterally for a mile or more. They are overlain by soil and glacial drift 
averaging 65 ft deep. Fig 97 (Art 11) shows a typical section. There are few sui'face 
indications of ore. Early practice was to sink tost pita through the drift, and as far into 
ore as permitted by facilities and cost for handling v'alor, hoisting, and ventilation. 
Exploration was continued from Iwttom of these pita by boring. At present, both pros¬ 
pecting and exploration are done entirely by lioring from surface, which is cheaper, quicker, 
and avoids dangers from numerous open test pits. Following data on bobing pbacticb 
were contributed by J. V. Claypool, Oliver Iron Mining Co. in 1938. Churn drills, 
with both straight nho^iping bit and perforated bit and hollow rods, and diamond 
drills are used, with water under press for flushing cuttings to the surface. Cyclone and 
Keystone drills are also used in drilling from surface and in open-pit areas; samples 
ecovured with a sludge bucket Holes are churn-drilled through surface drift to ore or 
nard rock and cased with heavy 3-in pipe. If iron ore is found, drilling is continued with 
2-in casing through the ore to hard rock; diamond drilling then starts, whether the rock 
liad appeared directly under the surface drift or under an orobody. Should the diamond 
drilling go through the taconite and into more than 5 ft of ore, the hole through the taconite 
is enlarged by blasting and the 2-in casing is churned down through the blasted rock and 
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the Tinderlying orebody to rock, kecking the casing*close to bottom of hole to insure 
accurate samples. Diamond drilling then continues to a certain depth iQ.to taoonite, 
depending on engineer's judgment. One hole in*each 40-acre tract may be drilled into 
quartsite, underlying all iron formation in district. 

Land is held in 40-acrc tracts, and for preliminary prospecting, 6 holes are put down 
on each tract. Spacing of the holes varies; common arrangement is to put 1 hole in center 
and others 250 ft from each corner towards the center. Many companies space their 
holes about 500 ft apait. Fig 88A shows a spacing used when adjacent tracts are being 
drilled for same parties. If ore is not found by these 5 holes, tract is temporarily 
abandoned, although 5 holes are not final proof; should 
a more thorough examination be desired, other holes 
(usually 4) are drilled, the 9 holes being spaced as in Fig 
If ore is found, a topographic map is made, coordi¬ 
nate lines are laid out at 100-ft intervals, and detailed 
exploration is done by drilling holes 1(X), 200 or 300 ft 
apart, usually 200 ft. Drilling is done largely by contract; 
local contractors have established reputation for care and integrity. Crew of 1 drill 
runner and 2 helpers on each outfit (comliined diamond and churn drill). 

Sampling. C. E. van Barneveld gives following data in 1912 (35). Surface soil is not sampled. 
Cuttings from both churn and diamond drills are discharged with flushing water through a T in 
top of casing, and settled in barrels, tubs or a series of settling tanks. Drilling practice favors 
accurate sampling; churn drill, used in all soft formations, allows casing to be kept close to bottom 
of hole. In passing from sandy drift into ore, casing is driven into ore ahead of drill bit. 8ome 
difficult ground is drilled ‘‘dry”; pump is stopped, hole drilled 5 ft with just enough water to form a 
sludge, casing is driven to bottom, and sludge re-drilled if necessary, and flushed out. Drill holes 
are sampled in 3, 5, or 10-ft sections, usually 5-ft. Each drill is supplied with 4 to 7 barrels. A 
hole bored in the side of barrel, 8 in from bottom and fitted with a wooden plug, allows most of the 
water to be drawn off .when sludge has settled; remainder stands 2 or 3 hr and is decanted. Sludge 
is dried, mixed, and cut into samples for analysis. Core samples are taken in hard formations; 
2 to 3 ft of core is recovered per 5 ft drilled m hard ore, slate, and quartsite. Some companies do 
not sample diamond-drill sludge, if core recovery is more than 30%. Others combine core and sludge 
analyses. With care., very good samples are obtained; in a clean orebody, drill samples and subse¬ 
quent mine samples check surprisingly closely. iStreaky ores, having alternate layers.of bard 
material and small streaks of soft ore, show much variation; sometimes 6 or 8 points. Very soft 
fine ore often stays in suspension, and the water comes up muddy. 

Structure drilling. Fcr testing the ‘‘wash ” ores on the western Mesabi Range, consieting of 
narrow alternate layers of FegOi and waste (largely sand) which must be separated to yield market¬ 
able ore, a method devised by J. 8. Schults (130) is widely employed. Churn drilling is done with a 
hollow cylindrical chopping bit, 2 S/8 iu outside, 1.5 in inside diam, with 6 chisel-edged notches on its 
end. Bit is attached by screw joint to 2-in rods; a 3-in cosing is used, down which water is pumped 
and rises inside the rod. This is called "structure” churn drilling; it delivers cuttings in larger 
fragments than is possible with standard tools, and hence is more informative a.<) to physical 
character. 

Magnetic iron ore, Mineville, N Y. Orobodies are large pitching lenses in gneissuc 
rocks. Diamond drill exclusively is used to explore lenses indicated by outcrops, to deter¬ 
mine extent of partly developed orebodies, and to explore in advance of proposed shafts. 
Orebodies are fairly regular and conform to gncissic structure of the rocks. Formal spacii^ 
of holes is of secondary importance; dip, strike and pitch of lens are controlling factors in 
locating holes. Importance of core recovery is stressed even in rock; complete recoveries 
are tisual in the ore horizon. Cores in ore are classified by eye, into rich, lean, and very 
lean; each section is split and per cent Fe and P deternyned. To provide against possible 
loss of core, sludge samples are taken; experience shows that sludge assays about 5 units 
Fe in excess of core. All core, including split halves in ore, is stored in racks in a core 
house. Method of estimating tonnage from drilling is simple. For example, the horis 
working face in one lens, at right angles to axis, is 1 860 ft. Three holes were drilled iw 
aver of 738 ft in advance of working faces. Aver thickness of ore at working face and in 
drill holes was taken as the aver thickness of deposit and multiplied by horis area to giw 
cu ft of ore. Dip is disregarded purposely, to give conservative estimates. Tonnage is 
computed by applying weight factors (which vary with Fe content) to total ou ft. Data 
from E. C. Henry (518). 

Southeastern Missottii. The disseminated lead ore occurs in flat masses in dolomite, 
at depths of 200 to flOO ft. Thickness of orebodies. up to 70 ft; they cover considerable 
lateral area. Overlying rocks are limestone and shale conglomerates, and dolomite, free 
from chert. There are no outcrops; prospecting and exploration are done by diamond- 
drilling from surface. Churn drills are used as auxiliaries to put boles down to bed rock 
through deep surface soil. Geologic features indicate probable orebearing areas in a 
brood way. H. A. Guess, V-pres Am Sm & Ref Co, furnished following data in 1915 
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(Fig 89} (oM also Bib 55). "In extending the limits of known orebodies, the only 
way to do is to feel along with the diamond drill until the full limits of orebody are 
defined. For this work, holes are close-spaced, usually 200 ft, sometimes 100 ft. For 
general prospecting for new orebodies, holes are spaced 400 or 600 ft or even farther, either 
in checkerboard fashion or in lines transverse with supposed strike of ore run. When ore 
is cut, detailed drilling is begun with spacing of 200 ft or less." Procedure varies with 
different companies. A solid bit is used until near expected ore horizon; then a core bit 
with a 5 or 10-ft core barrel, until the hole bottoms in sandstone known to underlie the 
orc^dies. About 2,5% of total footage is cored. Lead content of cores is estimated from 
their appearance; one estimator is employed for 10 or 12 drills. Cores are assayed occa¬ 
sionally as a check. Throughout the mineral zone, all sludge is caught and assayed, to 
check estimations and core assays. Sludge serves as a further record when a considerable 



part of a soft lead layer is ground up in trying to core it. Combined solid and core-bit 
drilling has been done by Federal Lead Co. Aver speed of drilling per 10-hr shift; for 
solid bit, 60 ft; for core bit, 30 ft. Fig 89 shows outline of workings on one orebody, and 
location of holes for preliminary and final oxplorat ion. Short horiz holes arc also drilled 
from different hearings, to supplement indications given by holes from 8urfat:e. Drilling 
results arc used for laying out work and estimating tonnage and value (Art 11). C. F. 
Jackson (155) states that minimum limits of oreliodios considered w’orkable are 7 ft thick, 
with 15 ft-% lead. Where thickness exiecds 7 ft, if entire section averages less than 2% 
lead, the workable thickness and it.s giade aie calculated by tiial. 

Tri-State District. Irregular oreborlies of sphalerite and galena in breccia of chert 
and limestone lie at depths of 75 to 300 ft. Ore occurs in Large or small pockets, long 
narrow stringers, or in horiz sheets 10 to 20 ft thick, of considerable urea. Portable 
churn drills exclusively are used for prosjiecting; preferred to diamond drills because of 
fissured ground and brecciated chert. Drilling is mostly contracted; usual prices, OOff 
to $1.23 per ft. In many parts of district, upper extensions of orebodies often occur 
directly under and 40-.50 ft below basins in upper surface of chert formation, which is 
overlain normally by 30--40ftof shale, offering no topographical indications. In such areas, 
“shale" holes are first drilled, at 40-60j‘ per ft, until shale of abnormal depth, 90-100 ft, 
is discovered; deeper drilling is then confined to that portion of the area (156). 

J. R. Roigart (161) supplies the 
data in Table 10 on 8 properties 
in Tri-State district, covering ex¬ 
ploratory drilling before active 
development. Records of several 
companies in Cherokee Co, Kan, 
during 12 yr prior to 1932, show 
that $4 473 300 was spent in drill¬ 
ing 16 281 holes ($274.75 per bole) 
of which 9 691 holes were on prop¬ 
erties which later became pro¬ 
ducers. C. W. Nicolson (191) in 
1938 states that practice favors 
Keystone No 5 drill, mounted on 
truck which supplies power; it has a 6.25-in bit and 7/^-In steel rope instead of the 21/s-in 


Table 10. Exploratory Churn Drilling, 
Tri-State District 


Acres 

Holes 

dnlU-d 

HoIob 
ill ore 

Aver 
depth, ft 

Total 

cost 

Cost 
per ft 

80 

129 

35 

250 

$35 000 

$1.08 

104 

129 

52 

279 

53 980 

1.50 

320 

162 

49 

326 

66015 

1 23 

105 

120 

43 

305 

37 482 

1.02 

too 

219 

84 

330 

79 497 

1 19 

60 

90 

• • ■ 

30P 

27 256 

1.01 

80 

138 

55 

2*5 

40 83V 

1.26 

40 

78 

47 

300 

26 450 

1.13 
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manila cable formerly used. Steel rope requires springs under sheavee. Drilling speed, 
4 ft per hr, cost about $1 per ft. Cuttings ^led every 5 ft in overlying rocks, and every 
2.5 ft in ore horisons. Holes are usually at 20(M00-ft intervals until ore is found; there¬ 
after at 50-ft or more. W. F. Notzeband (192) states that bore-hole samples are usually 
high in sine and low in lead, as compared with ultimate mill recovery. 

Southwestern Wisconsin. Following information was contributed in 1938 by J. G. 
Trewartha, Gen Supt, Vinegar Hill Zinc Co. Very irregular bodies of blende and galena 
occur at depths of 20-270 ft in limestones and dolomites. They are usually found over 
basins of broken, oily shale, which apparently permitted a slumping of the limestone, 
resulting in “ pitches," “ flats,” crevices, and vugs. Ore-bearing solutions have followed 
these openings, depositing the minerals therein. Churn drills are used to locate and out¬ 
line the orebodies. Chubn-drili, PBOSPBCTiNa is done in areas where galena was formerly 
mined to shallow depths, on lands adjacent to and along the trend of known orebodies. 
The possibility of an orebody is also sometimes suggested by discovery of traces of ore by 
farmers drilling wells, or by finding crevices on the surface. If ore is struck in churn- 
drilling, several holes are drilled around the discovery hole and 20-25 ft from it, to deter¬ 
mine trend of orebody. Holes are then drilled along this trend with larger spacing; 
usually started at 6) /j-in diam; il a hole drills well it may be finished at this diam. In 
bad ground, casing is set and the hole finished with smaller tools. If casing is used, and 
the company decides it may later need the hole for mine ventilation, the casing is left in 
the hole. Blank holes are usually plugged; driller pulls casing, sets a large boulder about 
6 ft below collar of hole, which is filled to the surface. Drilling is usually by contract; 
prices 60j5 to $1 per ft. Cl'itings are removed from hole at 6-ft intervals, until ore horizon 
is reached. Thereafter hole is carefully cleaned out every 2 ft. Cuttings are caught in a 
tub, and an analysis is made for each 2-ft run, if sample carries enough mineral to warrant 
it. In doubtful cases, the engineer pans a small part of the sample for examination under 
a microscope; an experienced engineer can thus estimate closely the value in the cuttings. 
A record is kept of each hole, including: depth where water was first struck, depth at 
which water stands after hole is completed; and occurrence of open ground. Experience 
has shown that ore estimates based on drilling records are satisfactory. 

Witwatersrand. Data from R. S. G. Stokes (195). In 2 yr ending 1935, about 
200 000 ft of prospect boring (chiefly by diamond drill) was done, of which about half was 
to prove western extensions of the Rand. 8tcam rigs were most common, but oil or gaso¬ 
lene engines were cheaper to operate, more portable, and required less water. Derricks 
for deep holes, U0-G7 ft high. Direct or reduction-gear drives and hydraulic feed were 
usual. In uniform grouml. So African bortz could replace imported carbons. Final core 
B^e was usually D/g in; occasionally T/g in. Chief difficulties in West Rand were: chert 
boulders in subsoil, alternating strata of chert and dolomite, and fissures in the latter. 
Aver advances of 509-600 ft per month wore frequent in good ground, with continuous 
drilling; in 1 case, 982 ft per mo at 2 000 ft depth. Aver cost for deep holes in good ground. 
30-40s per ft, including administration and deprec; in bad dolomite, cost might be 
doubled. Under favorable conditions of Far East Rand, 5 holes totaling 10 382 ft cost 
£16 000 ($7.50 per ft). Most drilling was on straight contract; when especial trouble 
was foreseen, on basis of rental, and cost plus 10%. 

N S Washington. Walter Sack, in 1938, gives estimated and actual costs for diamond-drilling 
of ciosoly-spaced boles to SOO-ft max, totaling fiO 000 ft, for exploring a large, much faulted ieod-siuc 
deposit (206). l,owost contract bid, 03 per ft, plus drilling expenses for Co account, brought 
estimated cost to $3.85, besides cost of clearing heavily timbered sites and providing drill water. 
On rental basis for 2 rigs, each averaging 875 ft per mo of 75 shafts, estimated cost per ft was: rental, 
$0.39; upkeep, $0.06; diamonds, $0.50; operation, $1.10; total, $2.05. Company then purchased 
2 complete rigs for $12 000, charging entire price against 50 000 ft of bole, or $0.24 per ft; other 
items, same as above, gave total cost of $1.90. 


c. Diamond Drilling Underground 

Josie mine, B. C. Roughly parallel veins of pyrrhotite, carrying chalcopyrite accom¬ 
panied by Au and some Ag, occur in hard augite porphyrite and diorite. Veins dip 50-80**; 
oreshoots are related to contacts and intersections of veins with a complex system of 
steep-dipping dikes. Some dikes are parallel to, others cut veins with or without faulting. 
When a drift on a vein cuts a dike and ore is not found beyond, a diamond drill may be 
used to seek faulted segment of vein; or, if there is no fault, to seek ore in a parallel vein. 
On finding such ore, drifting is transferred to the parallel vein and, later, holes are drilled 
back to explore extension of first vein. This plan minimizes length of nonproduotive drifts 
and speeds exploration work. Approx limits of shoots are found by " fanning " holes vert 
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and boriz from one set-up, but about 96% of holes are flat. Country rook gives good 
cores; dikes are broken and boring in them is avoided v'here possible. 

All drills had double-tube (“ Stone ") core barrels. Sullivan “ £ ” drill was used for 
flat holes; outside diam bit, 1 7in; core, 7/g in. This drill has a rated capac of 450 ft, but 
was used for holes 600-1 000 ft deep. Down holes were drilled of the same diam with 
Sullivan " S " drills. Chip bits often used, especially in short holes, but were unsuitable 
in broken ground. Normrily, 2 ft of drilling per ft of development (610). 

£1 Potosf mine, Santa Eulalia, Mex. Data from H. A. W^kor (503) in 1922 and 1934. 
Silver-lead ores occur as irregular replacements in limestone; frequently m form of chim¬ 
neys 60-300 ft diam, related to a system of vert fissures; also in horiz “mantes” (see 
Art 37). Diamond drill is used extensively to explore new ground, secure geol data, and 
determine limits of orebodies; also occasionally to bore holes for drainage or elec conduits. 
Work done by especial foreman and crew. I>ocation or houbs. If stopes or other con¬ 
venient openings are not available for setting up drill, special drill bases are excavated 
about 15 ft wide by 25 ft long by 9 ft high, so located as to avoid known bad drilling 
ground or interference with mining and tramming, to allow thorough exploration, and to 
cover max possible area from one set-up. Usually a series of horiz holes, 15° apart in 
azimuth, and a corre.sponding series of holes pointing downward 15°. arc drilled from each 
set-up. The general direction of the “fan” of holes so drilled in new ground is usually 
at right angles to the strike of a known fissure system, but the fan frequently extends 
through 1S0°. As close drilling is required to avoid missing orebodies, sets of holes are 
drilled into the same areas from tlifferent levels. Holes from diflerent set-ups are then 
staggered to reduce unexplored di.stance between adjacent holes to 1(X) ft max; this 
requires careful pointing of holes in each set. A trausit is used to point the first hole; 
the others are pointed by means of wooden templates held against rods projecting 
from the first hole. A .spirit level on the feed stsiew is u.sed to start horiz holes, the 
rods being carefully centered in the chuck. lAjcatiuii and elevation of the collar 
of each hole are determined by surv'es'; its direction is computeil from the location of two 
points, as far apart as possible, on the drill rods projecting from the hole. Dips are 
measured with a lirunton uomjiass. The holes thcjnsolvos need not be surveyed, as they 
are comparatively shallow and show only slight deflection from their course. When 
completed, each hole is plugged and maiked with a muidiered copper tag for future 
identification. If ore is found, further diilling to delcrniiuc size of the orebody, etc, is 
guided by local conditions. For example: the horiz aiirl dipping holes m one set found an 
orebody and determined its horiz section. A 30° down hole drilled from same set-up was 
barren; a 20° down hole was then drilled and locaterl the bfittrim of the deposit. Develop¬ 
ment openings were next driven to. and in the ore, and raises put up to determine its upper 
limits. Ventilation became difficult m the raises, and top of the deposit was located by 
drilling from a higher level. As these orebodies are mined by underhand stuping, the 
top of the ore must be found before stopes can be planned. Eqvipment in 1934 included 
following types of drill: (a) EX, air-driven, 2-man, for 700-ft max, 500-ft aver, holes; 
10-ft rods, single or double wire barrels, t /g-in core, bit set with black diamonds, ®/ 4-2 carats 
per stone; costs in col 1, Table 11. Same machines with 5-ft rods may be run by 1 man 
to max 3.50 ft., sometimes sul>stituting horts or small natural carlxms; costs in col II, 
Table 11, (/>) EX, electric-driven by 7..5-hp, 440-volt, a-c motor, with gear transmission 

and clutch for speed control; pump is direct-connected to 5-hp motor; costs in col III, 
Table 11. (c) Same type of 2-man drill, but driven by 5-hp, adjustable-speed, induction 

motor; pump has 3-hp moVir. This and preceding type both use 10-ft rods, and bits 
set with borts. scrap, or small carbons, (d) Air-driven, hydraulic-feed O drill with A rods. 
3-man crew, for geol w-ork to 2 .500 ft max depth, (c) Light-weight, air-driven, 1-man, 
for 200 ft max, 150-ft aver, depth; 5-ft rods, double-tube core barrels, giving 0.75-in core; 
bits set with small carbons; costs in col IV, Table 11. (/) Prospector EX, for max 250 ft, 

1-man, elec, with 3-hp motor and multi-speed drive; pump, duplex, double-acting, with 
1.5-hp motor. This drill is expected to displace (e) type. For all of 2-man types, except 
(d), effic drilling depth is 400-450 ft. The l-man drills with 5-ft rods i-equire less 
excavation for sites. Type (c) is more effic than (6); and both (h) and (c) are more 
economical of power tlian air-driven drill (a). At this mine, drilling largely in fissured 
limestone, small nature.! carbons have proved cheaper than borts or scrap, except as the 
latter may be salvaged fiom work requiring large stones. 

Aver carbonate ore is sofs and gives little core; rods are pulled every 2 or 3 ft and the 
sludge used lor assay. Core rdoovery in sulphide ore reaches 95% and rods are pulled every 
6 or 10 ft. Manganese stains and broken ground in limestone often indicate proximity of 
ore and aid the driller. Drilling speed in usual limestone is 50-100 ft per 8-hr shift. 
Diamond loss in 1922 was 5.91 carats in drilling 12 480 ft in limestone and 170 ft in hard 
galena ore; loss greatest in hard sulphide ores. 
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Table 11. Coat of Underground Diamond Drilling, El Potosf Mine, Max (1982) 

Soe accompanying text 


TJ S Dollars per ft for: 

I 

11 

III 

IV 

Drilling labor (a). 

Carbon and borts. 

Power. 

Carbide & lubricants.... 

Setting bits. 

Repairs to drills & pumiM 

New rods. 

Supervision. 

$0,092 

.166 

.060 

.006 

.035 

.036 

.050 

084 

$0,076 

.119 

.088 

.006 

.029 

.031 

.049 

.086 

$0 090 
.053 
.009 
.006 
.028 
.054 
.04! 
.073 

$0,094 

.095 

.078 

.007 

.049 

.047 

.051 

085 

Total direct. 

Tools and core boxes_ 

Moving drills. 

Cutting slations. 

New pumps. 

$0,549 

.008 

.007 

.017 

.004 

$0,484 

.008 

.005 

.002 

007 

$0,354 

.008 

.002 

.003 

.003 

$0,506 

.009 

.007 

.002 

.006 

Total cost. 

Footage during 1932 ... 

$0,585 
15 222 

$0,506 

9 275 

$0,370 
10 749 

$0,530 

9 923 


(a) At approx aver 28^ (L' K) per nmii-hr. 


United Verde mine, Jerome, Ariz, employed underground diamond drilling extenaively 
(25 000-30 000 ft per year, 33 376 ft in 1930) for preliminary exploration of its irregular, 
lenticular, steeply dipping, sulphide replacement orebodioa b'ing within a zone averaging 
300 ft wide (97, 227); see also J'ig 48, Art 7. Cores were 7/(j-2 m diam, the latter in 
special cases for taking a large sample. Some holes, to 3 in. have been l>ored for drainage, 
conduits, ventilation, or running slime into fire areas. Of all holes to 1933, 64% were 
between 200 and 600 ft (7% over 1 000 ft), and 79% inclined between +12° and —5°. 
Core recovery in all rock averaged 91.3%,, from 79.2% in greenstone to 95.3% in massive 
sulphide. Cementing was almost invariably used in dealing with caving, broken, or 
sandy ground. Core pulled every 5 ft, except when a sharp contact was encountered at a 
shorter interval; aU core was crushed for sample, retaining a few pieces for record. 
Sludge was collected and sampled only while boring in mineral, and its assay combined 
with that of core on theoretic^ vol basis depending on core recovery and size of bit. 

Following data on pbesent pbacticb were contributed in 1939 by C. E. Mills, Chief 
Engr. Most diamond drilling is now short-hole work, 100-500 ft, to delimit known ore 
areas, prospect slope walls, determine structure or general geol formation, and to 
aid locating development hesuiings. Occasional long holes, 1 000-2 200 ft, are drilled to 
prospect outlying areas. The ground drilled varies from comparatively soft chlorite 
schist and metamorphosed quartz porphyry to relatively hard rhyolite porphyry, diorite, 
and hard, massive pyrite carrying quartz and jasper. Most footage is within massive 
sulphide areas. Representative sections of core from long holes or holes of especial 
interest are kept for record; otherwise, entire core is sent to the assay office. Part of the 
pulps is saved for composites and future analy.sis. Equipment. A Boyle B B U drill 
with M-size bits is used for short-hole work; Longyear U G drill is used in harder ground 
for 200-1 000-ft holes, and Sullivan C hydraulic drill for deep holes. The E bit, giving a 
l»/u-in hole is used where depth requires surveying, and an AX bit ( 1 * 7 / 32 - 111 ) for long holes 
that may need grouting or casing. A Wright hore-hojp surveying instnunent is used for 
depths over 500 ft, to observe deviation. Bits. Bortz is used almost exclusively in all 
ground; carbon occasionally, for gage stones in broken quartz or siliceous sulphide. 
Bortz loss is 0.02-0.1 carat per ft, depending on kind of ground. Cutting edges of bits are 
rounded and set with bortz averaging 20 stones per carat. M bit, a special size for short- 
hole drilling, has 100 stones and requires about 6 hr for setting; its outside diam is EX or 
17/i 5 in, and inside diam of in gives the largest core possible with this size of bit. 
The 1 17 / 32 -in E bit averages about 120 stones and requires 7 hr for setting; the 1 
AX requires approx 150 stones and 9 hr for setting. Recovery of stones from used bits 
averages 50%. All-metal core boxes, with corrugated removable trays, are used to 
handle core from worUng place to diamond-drill shop. Speed and cost op driuang. 
In short-hole drilling (aver 250 ft), footage per shift is from 40 ft in aver schist or porphyry 
to 25 ft in hard sulpnide. For Jong holes, set-ups are pro\'ided to permit 20-ft changes 
of rods, and footage per shift is from 30 ft for short holes to 10 ft for 1 600-ft holes. Direct 
cost per ft during 1637 and 1938 is shown in Table 12. Carbon loss averaged 0.031 carat 
per ft of hole in 1937, 0.030 carat in 1938; max loss in one month was 0.098 carat per ft. 
In 1938, footage per drill-shift averaged 25.3 ft; footage per bit. 60.3 ft; loss of carbon per 
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bit, 1.81 carats. Besides the footage drilled on Co aoct, 2 059 ft were drilled bjr 1 crew on 
outside contract. 

Bdwsrds xinc mine, N Y. Undersround diamond drilling has been found well adapted to 

discovery and exploration; orebodies ore lenticular, 
roughly parallel, sulphide replacements in limestone, 
dipping about 40^ (2S3). Drill stations are cut by 
company, but drilling is on contract, power and water 
supplied. Small, air-driven drills take 7/g-in core. 
Lateral holes are pointed within 5* above or below 
horiz; down holes usually at about 43°, to cut ore at 
right angles. Core recovery is high; no sludge saved, 
core assayed only w'hen expert visual inspection is 
in doubt. During 1930, 10 holes totaling 3 386 ft 
coat 62.0.3 per ft. 

Cold Springs ferberite mine, Nederland, Colo, 
Narrow, steeply dipping oreshoots in granite Con¬ 
ventional boring methods are used for exploration, 
but instead of a diamond bit, “firtbitc" (tungsten 
carbide in cobalt matrix) is brazed, with Tobin 
bronze and oxy-acetylcnc flame, directly on lower 
edge of core barrel. This incre.sses diam of core ob¬ 
tainable with drill cmpluvcd from lVi6 (with diamond 
bit) to IVioin: I 0 H.S of bit ill fissured rock at this 
mine is iilso''nvoided. Complete firthite crown costs 
about $75, and the cutting material can bo used 
repeatedly, with care to avoid excessive brazing temp. 
Max depth drilled in this hard rock during 1931 was 
18 ft for 1 setting of firthite. Total drill^ in 1931, 
1032 ft; aver depth, 73 ft; aver cost, $2.16 per ft; 
aver core recovery, 80''I, (290). 

HoUinger mine, Ont, has used underground diamond drilling extensively (309.2 miles 
of hole to end of 1934) for exploring intricate and frequently discontinuous quartz veins, 
dipping about 75°, in a wide sheai- zone in or adjacent lu porphyry. In 1935, equipment 
included 8 drills using E S rods 0/g-in core) and 6 E P rods (^/g-in core), all operated by 
sir. Most core barrels arc double-tulie; bits set mainly with bortz, usually 9 or 10 per 
carat, 4o-60 stones per bit. Drilling (2-man crew) is on morning shift only. E S drills 
average 45.8 ft per shift. All drilling is contracted at rate per ft which, with E S machines, 
is based mainly on peicentage of core recovery, 87^ for 72^ for 55% or less; for 

E P holes, price is 75^ flat. Recovery is lower in porphyry than in other rocks. Contractor 
pays wages plus a bonus for footage, jkt S hr, above 32 ft with E S, or 35 ft with E P 
machines. Most holes are horiz or slightly inclined, aiming to cut vein system noimal to 
strike. Ow’ng to numerous parallel drifts, wheic drills can be set up, it is seldom necessary 
to bore a hole more than 200 ft to gain all information expected at that point (306), 

Other examples of cost. Walter Sack, in 1938, gives estimated ensts for underground diamond 
drilling at 2 pieces (296). (A) To prove tonnage and value of known, large, low-grade body of gold 

ore in western Mont, already considerably developed. Total necessary footage not predictable, 
but estimates were based on four 3U()-ft holes. Lowest contract bid ($2.60) plus freight both ways, 
compressed-air power (from rented compressoi), and installing air and water lines, all for Co account, 
raised estimate to $3.96. Drill rental for 3 ino ($67.5), and operating by Co, was estimated to cost 
per ft (on 2 000 ft): rental and upkeep, $0.36; freight, $0.13; compressor (rent, hauling, and 
piping), $0.16; fuel and maintenance, $1.03; drilling labor, $1.21; diamonds, $0.30; total, $3.19. 
Actually, 9 000 ft were drilled in 9 mo, at $2.43 per ft; machine-set bits used. (5) To cut and 
sample a vein at 250 and 500 ft below present sump of a silver-lead mine in Coeur d’Alene dis¬ 
trict, Idaho. Length of 2 short and 2 longer holes totalled 1 700 ft; diamond drilling not regu¬ 
larly required at this mine; drilling possible on only 1 shift. Rental for 5 mos ($1 250), $0.74 per 
ft; frt and upkeep, $0.13; labor (12.3 shifts), $0.89; comp air (from mine), $0.02; diamonds, $0.50; 
estimated total, $2.28. This job was contracted at $2.25 per ft, including everything but oomp air. 

d. Exploratory Hammer Drilling 

Exploration and sampling by shobt holbs, drilled with ordinary stool and equipment, 
as drifters, stopers, or mounted jackhammers, and to max depth of 22 ft, has long been 
routine practice at many mines for following purposes: (a) Sampling at face of heading or 
stope; in a massive and fairly uniform 01 ^ (as at Miami), drill cuttings may be as accurate 
as a channel sample, but in a vein with banded structure a drilled sample is likely to be 
salted with softer (and often richer) vein material, to about same degree as a channel 
sample ; sample holes in such a deposit are obviously unreliable unless drilled to cut the 


Table IS. Cost of uaderground 
Diamond Drilling at the 
United Verde Mine 



1937 

1938 

Labor (a). 

$0.82 

$0.76 

Carbon. 

0.31 

0.16 

Operating supplies. 

0.02 

0. 10 

Corap air and water. 

0 02 


Miscrilancous. 

0 02 


Total. 

$1.19 

$1.02 

Number of holes. 

58 

34 

Total footage. 

6 922 

4 585 

Aver length of hole, ft.... 

119 

134 

Max depth of hole. 

507 

526 

Percentage of hok-s in: 



Hard silioeoiiz sulphide 

6 3 

.... 

Aver sulphide. 

31 9 


Schist. 

27 5 


Porph.iry A diorite .. 

34 3 



(fi) Aver waces; drill runner, $0.88 in 
1937, $6.40 in 1038; helper, $5.00 in 1037, 
$5.16 in 1938. 
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laminatioiu at 45^ or over, (b) Exploring from walls of a drift to be advanced in some 
fixed relative position with respect to walls of orebody; also to ascertain width of latter, 
(e) Exploring for nearly parallel or branching veins, or offsets behind waste inclusions, 
(d) Check sampling of a block of ore exposed when square-setting; also, in other stoping 
methods, to determine grade and location of ore to be broken. Shallow holes for above 
purpose are usually drilled horix or slightly upward, and without water. If dependable 
assay is required, cuttings may be caught in a sack held closely around drill hole, the 
steel passing through a hole near bottom of sack; if visual inspection suffices, cuttings 
can be caught in pan or powder box. 

Hammer drilling of deepeb holes, ofton to 150 ft, occasionally to 250 ft (one of 272 ft 
is on record), is a fairly recent practice made possible by design of a satisfactory coupling 
for sectionalized drill steel and mechanism for the positive rotation of a long and heavy 
rod. Within this range of depth and in rock not too hard, hammer drilling compares 
favorably with diamond drilling as to speed and cost, especially in ground tending to 
cause loss of diamonds or bits. Chief drawbacks of deep hammer drilling for exploration 
(its principal use) are: (a) results depend wholly upon return of sludge, loss of which, in 
fissured ground, is less easily prevented than in diamond drilling; (6) where rock carries 
narrow stringers of soft ore minerals outside of the main orebody sought, contamination 
of cuttings by abrasion from wail of hole is more serious than in diamond drilling; in 
such circumstances, data from a hammer-drill hole may have negative value only. Prin¬ 
cipal factor limiting depth of a hammer-driU hole is hardness of rock, causing rapid loss of 
gage; corrected by reaming with sharp bit of same gage before changing to next smaller 
size, or by applying Stellite to wings of bit. Any positively rotated standard drill can be 
used, but extra-heavy drifter machines, specially designed for deep drilling, are available; 
preferred mounting is on a cross-arm supported by 2 columns for extra rigidity. Com¬ 
monest inclinations lie between 5° and 30° above horiz, insuring rapid return of sludge 
(assuming ample water supply) without throwing excessive wt on drill; with up-holes of 
45° or more, a counterweight must usually be arranged to carry wt of drill steol, commonly 
1.25-in hollow round. Down-holes can be drilled, but with more difficulty in recovering 
sludge; a water swivel to admit compressed air at short, regular intervals aids in lifting 
sludge. Collection of sludge, when required for assay, is somewhat inconvenient; a good 
method for up-holes involves drilling a short hole, collaring just below and pointing 
upward to intersect the deep hole about 1 ft inside of its collar; a short piece of pipe is 
then wedged into the lower hole, deliverii^ sludge to tuba or settlers (468). 


Table 18. Data on Peep-hole Hammer Drilling 


Mine and 

Bib reference 

Year 

Nature 

of 

orebody 

Inclination 
of holes 

Depth of 
holes, ft 

A •>* aver 
M » max 

Size at 
start, in 

Advance, 
ft per 
drill-flhift 

Coet 
per ft 

L • labor 
T •• total 

Chief Consol (509)... 

1925 

(B) 


A 

80.5 

31/8 

23.5 

L $0.60 





M 

272 



T 

1.00 

Eagle Picher (569).. 

1926 

(B) 

+ 10° to 30° 

M 

148 

31/4 

25 

T 

1.69 

Empire Zinc (319)... 

May, '31 

(C) 


M 

228 

31/8 

33.1 

L 

0.40 









mm 

0.51 

New Idria (320). 

1927 

(D) 

+ 8° to 50° 

A 

99.3 

31/4 

1 30 

H 

0.75 




1 

M 

228 


1 

II 

■■ 

Burra Burra (180)... 

1928 


I +15° 

M 

150 

33/4 

25 

B 


Ray (296, 335). 

1928 


! +45° to 55“ 

M 

90 

31/2 

23 



Cananea (344). 

1929 


Flat 

A 

#5 

3 

18.5 







M 

125 






1929 



A 

46 

31/4 

12 

L 

0 92 




M 

129 

T 

+ 10 

Edwards (253). 

1930 


±20* 

M 

5l) 

. 1 


T 

0.99 




A 

43 




Roseberry (321). 

1930 

«) 

+ 15° 

A 

60 

31/4 

10.7 







M 

138 






(B) Irregular beds and chimneys of sulphides in limestone. (C) Thick beds of sulphides in 
limestone, assoc uith quartzite and shale, often fractured and unconsolidated. (D) Narrow, 
ramifying stringers of cinnabar in medium-hard .sandstone and shale. (E) Large lenticular masses 
of Fe-Cu sulphides, between schist and graywacke walls. (F) Fine stringers and disseminations of 
sulphide in quartz-soricite achist. (G) Sulphides with quartz gangue in hard limestone and 
brecciated porphyry. (H) Pb-Znsulphide and quartz vein inshearedorsheeted quartzite. (I) Massive 
aulphides in quartz-sericite schist, with quartzite layers. 


Chief Coneol mines, Tintic, Utah. Silver-lead ore occurs oe lenses on bedding planes in 
limestone and in connecting pipes. Occurrence is irregular. Regular systems of explora¬ 
tory workings will not find all orebodios, hence proportion of non-productive exploratory 
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and development work is high. Exploration coats have been reduced by boring from 
underground points. Diamond drills were discarded after 6-8 months' trial, because of 
high costs due largely to diamond loss. A small churn drill also proved inapidicahle. 
Hammer drills of independently rotated type proved successful. A heavy tunnel 
with 1.25-in steel was used for contract filing of holes 100-200 ft or more in 
depth. A lighter, mounted sinker with 1-in steel was used by leasers for holes to 160 ft 
deep. Double-column mounting was required to preserve alinement of deep holes; a 
sin^e-column and arm could be used for shallow holes. 

Fig 90 shows joint between drill rods and water swivel. Usual water inlet through 
shank is plugged, and water under good press, supplied by small pump if necessary, is 
admitted through a forged-steel swivel between shank and bit. For down-holes, swivel 
can be arranged to take air at 1/4 or i/e of a revolution; resulting air lift aids in recovering 
cuttings. McClellan cross bit was used; starting bit, 2.5-in for 1-in steel, 3.125-in for 
1.25-in steel. These sizes permit 8 gage drops of l/s in each before hole becomes too small 


Bronze swivel 
li" steel. \( 


nipplo to water hose 
Bolt Steel sleeve. 


McClellan bit, 
6''xl5 taper 


plugged X jacket Forged 3,6 and 9-ft lengths 
Rubber ^ double thread 

*”““**•*' Shrunk on collars for rotors 

Fig 90. Swivel and Steel Assembly for Deep-hole 
Hammer Drilling 


Shank 

Iriugged 

Rubber 


for the joint. If loss of gage is 
too rapid, hole is reamed with a 
new bit of some gage as the previ¬ 
ous one. In some cases 6-8 ream¬ 
ing bits are used before putting 
in next size. Sludge for each 3 ft 
of hole is collected in a powder 
box placed at mouth of hole, and 
sacked for assay and physical 
examination. Methods described 
in Art 8 for careful collection of 
diamond- and churn-driU samples 


were considered too complicated for ordinary miners. It was recognized that the 
sampling practice was liable t(. .jrror, but character of ore occurrence was such that 
subsequent channel samples checked hammer-drill samples. 


During 19 mo (Oct, 192.1, to Apl, 1925) holes totnlliag 36 232 ft and averaging 80 5 ft deep 
were drilled in 1 538 drill-shifts (2 men per drill), or 23.5 ft per drill-shift. Deepest hole, 272 ft; 
150 ft and over was frequently attained. Labor cost r$5.25 and 84.75 per shift) averaged OOi* per 
ft; total cost about 81, compared with 84.94 for diamond drilling under same conditions (609). 
Fig 74, 74a (Art 9), show record forms used. 


Empire Zinc Co, Gilman, ('olo. I>ecp-hole drilling is used for prospecting and planning 
development. Orebodies are thick, gently dipping, sulphide replacements in limestone, 

quartzite and shale. In some places, ore and 
adjacent rocks occur in fractured zones of loose, 
uncemented, large and small fragments (319). 
Ore is such that accurate sampling of cuttings is 
unnecessary. Drills are Gardner-Denver No 34 
Turbo drifters, mounted on 2 columns. The 
1.25-in drill steel is upset to 1.5 in at both ends, 
and is oil-tempered after each 600 ft of drilling. 
Bits: (a) crossbit with center hole for hard or 
coarse-breaking rock, (b) crossbit witli forward- 
pointing side hole for soft groimd, (c) Carr bit 
for loose and caving ground, in which crossbits 
are harder to pull. Outer faces of all bits are 
stellited to retard loss of gage; cutting distance 
per bit is thereby increased 6-8 times over plain 
steel; a 125-ft hole can often be bottomed with 
the starting bit. A bit can be made and stellited 
in 40 min, at cost of 28.5^ (1 lb Stellite for 14 
bits) and can be ust^l aliout 12 times before 
reshaping. Standard sizes: 3 l/g, 3, 2 ^/t in; the 
former 8 sizes of all-steel bits are not now 
required. One 228-ft hole, starting at -f45®, 
was drilled by 2 men without aid of counter¬ 
weight. Hole surveys show no fixed rule as to 
vert deviation, but in ha>-d ground a hole will usually start dropping at start, and fall 
12-15 ft in 150 ft; in soft ground, hole usually climbs during first 50 ft, is about on grade 
at 160 ft, and theu drops rapidly. Table 14 gives data on continuous operation of 3 drills 
during 1 yr ending May, 1931; most of the time was occupied with experimentation; satis- 


Table 14. Deep-hole Hammer 
Drilling at Gilman, Colo 
(Year ending May 31, 1931) 


Total footage. 

15,187 

Aver ft per drill-shift. 

17.5 

Percent time drilling. 

78.2% 

“ moving. 

8.3 

" " in trouble ( 0 )... 

13.5 

Coet per ft: 

All underground labor (b)... 

$0,608 

Maintenance labor (c). 

. 193 

Suppliee (d). 

. 164 

Total (e) . 

$0,965 


(a) Fishing, stuck rods, repairs, air, 
and water lines, (b) Drilling, timbering, 
preparing drill stations, pipe work, and 
ciean-up. (c) Outside labor on main¬ 
tenance and repairs of machines, stel¬ 
liting, fabricating ncw_ equipment, (d) 
Suppliee and new equipment for deep- 
drill maintenance, (i-) Not Including 
6.2(! for assaying; 2.4)1 office ezr; 9.3^ 
for engineers and geologists. 
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faeioiy operation not attained until last 2 mo, when cost per ft declined quickly to 50.5^, 
or ab<mt half of what it was 4 mo previously, with corresponding doubling of footage per 
shift to 33.1 ft. 

New Idria quicksilver mine. Seamy and minutely fractured sandstone, erratically 
impregnated with cinnabar, was prospected by deep-hole drilling at large saving over other 
methods (320). Accurate sampling not attempted; cuttings from each 3-ft advance were 
panned. Heavy drifter was mounted usually on cross-arm between 2 columns; in tight 
places, on horis bar only. Most boles were S°-60‘’ above horis; one, of 147 ft, was 78^ 
below horis. Aver depth of 87 holes, 99.3 ft; deepest, 228 ft. Starting bit, 3.25-in, reduc¬ 
ing by l/g in to smallest at 1.75-in. Water at 100-lb press obtained by tapping the pump 
column. Aver advance per 2-msn drill-shift, 30 ft in medium shale and sandstone. Total 
cost (1931), 75(S per ft, including purchase of one complete outfit for SI 800. 

Tri-Staie district has used deep-hole drilling, usually to advantage, in proving or dis¬ 
proving occurrences of ore in suspected areas without expensive drifting; cuttings seldom 
assayed (569). In low headings, drill is mounted on 2 columns; in high headings, on heavy 
tripods. Holes are usually pointed upward at 10“ or over; several were drilled 50 ft at 60® 
above, and a few to 100 ft or m<.<''e at 5® below horis; latter were cleaned by injecting 
water and air through pipes. To April, 1930, deepest hammer-drill holes were about 
150 ft (probably not the limiting depth). A few cost data follow: Federal Mining & 
Smelting, 2 675 ft, at $1.75 plus estimated 15^ for deprec. Canam Metals Corp, over 
1 000 ft, at $1.70, excluding deprec. Mo-Kas Zinc Corp, several thousand ft, mainly in 
solid limestone, at 60-70ff, including deprec. Eagle Picher Lead Co, 3 477 ft, at $1.69, 
including deprec; at same Co’s Lucky Jew mine, 1 072 ft largely in solid limestone, at 
$1.14. Costs usually averaged about $1.70 per ft to 1930, but reductions were expected 
with added experience. 

Rosebeny mine, Tasmania. Pb-Zn-Fe sulphide orebody, surrounded by fine-textured quarts- 
sericite schist with bands of quartsite and quartz veins (321). Exploration is done with Gardner- 
Denver, 226-lb hammer drills. Holes start at 15® above horis; deepest, 138 ft. Air consumption 
(85-lb press), 110 ou ft per min for first 50 ft, to 225 cu ft at 100 ft. Water, 70-lb press, 4 gal per 
min. To mid-1930, 15 holes totaling 893 ft were drilled in 83 2-man drilling shifts, plus 12 shifts 
moving and setting up; aver, 10.7 ft per drill-shift, or 9.4 ft per elapsed shift. Max for 1 shift, 30 it. 
Diamond drilling (1-in core) in same ground averaged 9 ft per shift. While drilling, changes from 
rock to sulphides are recognized by color of cuttings; assays showed enrichment of Zn and Pb in 
slimes from a massive pyrite ore. demanding care in recovery of sludge. 


11. ESTIMATES, FROM BOREHOLES, OF ORE 
TONNAGE AND VALUE 


(For survey of boreholes, see Sec 9; for platting boreholes, see Art 9) 


Average value of ore in one hole. Let Vi, Vt. . . . Vn assays of successive eamplee; 
Li, La, ■' ■ Ln •" their respective lengths; V » aver assay of ore. Then 

ViLi -f raL, • • • - 1 - y„Ln 

L1 + L2+ - +Ln ^ ^ 


If sample lengths are equal, aver assay is arithmetical aver of assays of samples. For 
methods of averaging assays of diamond-drill core and sludge, see Art 8 and Bib (123, 124, 
125, 128). 

Average value and tonnage of an orebody are calcjilated from borehole averages in 
different ways, depending on ore occurrence and information desired. 

Examples. Iron-ore deposits at Moa and Mayurl, Cuba, and placer dredging prop¬ 
erties, are examples of surface orebodies with no overburden, and fairly regular bedrock. 
For such orebodies, estimates may be made tlius: Let Vi, Vi, • •• = aver value or 

assay of drill holes 1, 2, 3, ■ - ■ n; A\, Af. • • ■ An = respective areas of influence of these 
holes, sq ft; Bi, Bz. - - * Bn respective depths of holes, ft; A = total area of deposit; 
V aver value of deposit; B *» aver depth, T *• total tonnage; C ■> cu ft per ton in 
place; n ■■ number of holes. Then, 

For holes spaced irregularly: For holes spaced at regular intervals: 


V 

B 


AiViBi -f AjVtDi + • • • + AnFnBn 
AjtBx -1- .l»Bj -!-*•• AnBn, 

AiBj + AiBi + • * • + AnBn 


V 

B 


V,Di -H FzB. 4- - - • F-nB, 
nD 

Bi -j- Bt -t- • • • -f Bn 
n 


T mi (Ai -j- A« -t- • * • -f An)B 
^ " n 


(4) 


T - 


AD 

C 
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Where ore is overlain by barren material, or occurs in bodies overlying eaoh other and 
separated by barren or low-grade material, the same methods apidy, but only the V, D, 
and C relating to workable areas penetrated by each hole are considered. 

Area of influence of a borehole is the area within which the values shown by tiiat hole 
are assumed to persist. Theory of averaging samples in general is based on assumption 
that values vary at a uniform rate between sample points. This assumption is met by so 
taking the area of influeiuse of a hole that every point within it is nearer to that hole than 
to any other. 

Fig 91 shows general case for holes spaced irregularly. Area of influence for h<de 
No 1 is found by drawing lines 1-2,1-3, etc, connecting hole No 1 with all those around it. 
Lines ab, be, ed, de, and ea are perpendicular bisectors of lines 1-fl, 1-4, 1-3, 1-2, and 1-6, 
respectively. They enclose polygon abode, which is area of influence of bole No 1, wbidi 
area may be measured with planimetw, or calculated from scaled bases and altitudes of 
its component right triangles. A different method for defining areas of influence of 


ft 
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\ 
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irregularly spaced holes has been used in S E Mo (322). Triangles are first constructed 
by joining each hole with those nearest to it (Fig 93). Lines are then drawn from each 
apex to center of opposite side (intersecting at center of gravity of triangle); polygon 
thus constructed around hole No 1 of Fig 93 has twice as many sides as that of Fig b.. 
Fig 92 shows construction applied to holes spaced on corners of squares. In this case, 
area of influence of each hole is a square {abed for hole No 1), the side of which is the dis¬ 
tance between holes. For discussion of these principles, and application to prisms of 
varying scalenity and to cases where check holes have been drilled in centers of regular 
blocks, see Bib (512). Another common method for irregularly spaced holes, for which 
aver values were computed by formula 1, at beginning of Art, is to consider 3 holes in 
closest proximity as edges of a triangular prism, the depth and value of which are aveiaged 
from those of the 3 bounding holes. In Tri-State field, the unweighted, arithmetical 
aver is employed for depth of prism, and values are weighted only in proportion to depths 
of ore in the 3 holes (323). This method is leas accurate than that by formulas 2 and 3, 
wherein data of an individual hole are additionally weighted in proportion to the portion 
of the triangle nearest that hole; that is, to the area of the quadrilateral bounded by 
2 sides of triangle and their perpendicular bisectors (Fig 94). To avoid necessity for 
measuring or computi'".g these quadrilaterals, C. E. Temperley (324) gives a diagram 
(Fig 95) for thus weighting each of 3 holes involved, requiring only a protractor measure¬ 
ment of angles. (Areas, however, must be ascertained for calculation of tonnage). Having 
measur^ the angles of the triangle, to find wt applicable to, say. A, enter bottom of 
riiagr am at point Corresponding to larger of the 2 olker angles, say, B; follow vertically to 
intersection with curve corresponding to smaller angle, C, and thence horisontaUy to 
read wt on A in percentage. 

Specific gravity of ore, or ou ft per ton in place, must be accurately determined, since 
any error will affect computed tonnage. This can be done 1^: (a) A sini^e, goed-sixed 
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ofaunk, euipended by fine wire from a spring balance, may be weighed, first in air, and 
then aubmerged in water; wt, lb per cu ft, is then 62.5 X wt in air -f- (wi in air — wt 
in water), (b) Apparatus simulating picnometer flask of the physicist can be improvised 
with water pail and platform scale, and by using a 26-50 lb wt of coarse ore, representing 
aver grade, results are likely to be more accurate than those obtained on much smaller 
fragments (see Sec 1); wt in lb per cu ft * 62.5 X dry wt of ore wt of water displaced; 



Fig 95. Weighting Factor for Any One of Three Adjacent Boreholes 

latter obtained by direct measurement or by difference, (c) Using a 506- or 1 000-oc 
graduated gloss cylinder, a known dry wt of fragments to 1-in diam is dropped into a 
previo\ialy noted vol of water in the cylinder, and expansion of vol is observed; wt in lb 
per cu ft is then 62.5 X wt of ore in gm Sr expansion of vol in cc. (Sec 1.) 

Mesabi estimates. (Data and drawings from J. F. Wolff. Mines A Min, Feb, 1909.) 
Boreholes, topography, property lines, etc, are first located with respect to a system of 



Fig 96. Typical Mesabi Orebody 


coordinate lines at 106-ft intervals. From boring data 2 seta of vertical oroas-seotions, 
at right angles to each other, are constructed on a scale of 40 ft to 1 in. Analyses of 
samples placed on aectiema alongside holes make it possibli to outline the layers of different 
grades of ore. Fig 96 dhows in plan a typical orebody. on which 5 E-W sections and 
7 N-S sections are laid out. Fig 97 shows section FF of this orebody (sample analyses 
are omitted). From sections, a plan is made, showing superposed contours of surface 
and top and bottom of orebody. Usually, extension of ore beyond last hole in any sec¬ 
tion is arbitrarily set at a distance equal to depth of ore in that hole, and bottom of ore is 
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aaaiuaed to bo a line joining this point with bottom of hole. The 2 sets of sections ore 
checked agaiiist each other, and from them, limits of orebody are outlined in plan (Fig 06). 
Three preliminary estimates are then made as follows: 

(a) Total tonnage is computed from area of orebody and its aver depth. To allow 
for wedge shape of edi^s of orebody, the line marked “ limit of area for total ore estimate *' 
(Fig 96) is drawn half-way up the slopes on margins of the orebody. Area enclosed by 
this line X aver depth of ore -i- cu ft per ton gives total tonnage. Areas are measured 
with a planimeter, aver depth of ore is computed from borehole data, and cu ft per ton 
are estimated from tests and experience. 

(b) Stripping estimate. Proper bebm distance is laid out between edge of orebody 
and toe of the bank of overburden; slopes of 1 : 1 or 0.75 : 1 are selected (depending on 
character of surface drift), and intersection of this slope with surface contour is platted. 
Aver area toi be stripped (limit of area, stripping estimate. Fig 96) is taken as a line half¬ 
way up this slope. This aver ares X aver depth of stripping -r 27 ■■ cu yd of stripping. 

(c) Possible power-shovel tonnage. With the aid of sections and combined contour 
map, a system of tracks is laid out for operating shovels and ore trains. This gives shape 
and sise of deepest possible shovel excavation. Elevation at which each borehole would 



be cut by this excavation is noted, and aver depth of ore taken out thus determined. This 
aver depth X area previously determined (total tonnage estimate) -r vol per ton gives the 
tonnage used for preliminary estimates. Final or detailed estimates arc made as follows: 

(d) Graded-tonnage estimates for securing relative tonnages of Bessemer, non- 
Bessemer and mixed ore. Two methods are used. In composite-hoi.k method, aver 
depth of ore of, say, Bessemer grade is first computed as arithmetical aver of depths of 
Bessemer ore cut in all holes wTthin area of orebody. If a hole allows no Bessemer ore, 
it is included in tho aver as zero. This aver depth X area (total tonnage estimate) -i- cu ft 
per ton gives total tomiage of Bessemer ore. Same calculation is made for other grades. 
Second and fubfebable method is shown by P'ig 96. l’'rom cross-scctions, the outlines 
of different grades of ore ate worked out and plotted in plan, and planimeter measurements 
are made of the area of each grade at each horizon. P'rom these areas and their respective 
aver depths, volume of ore in each grade is computed. Plotting the areas of different 
grades is intricate work. In the example, tho taconite horse, shown in section FF (Fig 97), 
cuts out roughly circular areas from 2 ore layers. Such areas are measured and sub¬ 
tracted from total area of the respective grades in which they occur. 

(e) Graded-tonnage estimates and aver analysis. Tonnage estimates are made by 
the second method under (d). Aver analysis of ore in a grade is obtained by averaging 
drill-hole samples in proportion to their length (Eq 1 aliove). Products of sample length X 
per cent are locally called foot units, whic^ are computed for P’e, P, SiOj, Al, Mn, 
CaO, and S, or for such of these elements as are desired. “If for each ore-bearing hole, 
foot units are computed for each grade and these results added together, the sums are 
respective total foot units for the grades in the orebody. Such sums are divided by 
rospectivo total feet of samples to give average analysis for each grade of the orebody.” 
Ton units is the name given to the products obtained by multiplying tons of any grade 
by its aver analysis (in li'e, P, etc). Aver analysis of all grades in the deposit is the sum of 
ton units for each grade-F total tonnage of deposit (£q 2 above). Complete summary (514). 

Porphyry coppers. Holes commonly spaced on corners of 200-ft squares. From 
borehole data, two sets of vert cross-sections are constructed at right angles to each other, 
and orebody is outlined on each. Usually there is some underground work to aid in this. 
A. J. Sale (60) recommends that sections be passed through diagonals of squares (AG, BF, 
D J, El, etc. Fig 98), instead of on the sides {AJ, Bl ... AD, LE, eto), thereby increasing 
distance apart of holes in any section, but Ininging sections doser together. Diagonal 
sections are adjusted to agree at their points of intersection P. This method would tend 
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to greater aocuracjr in orebodiea with irregular outlinea. In any ease, some oross-eeotiona 
made through orebody at an angle.to regular section lines are desirable, to detect errors 
and secure eorrect interpretation of borehole data. Where underground mining is to be 
done, sections do not show all irregularities, but are adjusted to outline an orebody of 
mineable shape. For orebodies of simple shape, estimates of aver Value and tonnage can 
then be made by Eq 1, 2, 4, above, taking depths Dx, Dt . . . , etc, as depths of ore in 
holes. It is usually better to make planimeter measurements of n 

area of ore in each cross-sec, and use the prismoidal formula (Sec ^__.5 

36, Art 11) for calculating tonnage, taking alternate sections as i v''' 
middle areas. Aver value of deposit is found as follows: Aver value . j !/xL 

of ore in each hole is first found by £q 1 (see beginning Art 
Where holes arc equidistant, the aver vidue of ore in a section : 


r value ',A.'/A. 
nioni. iXlXIXi 



proportion 

of the section. For equidistant sections, £ (section areas X their 
respective aver values) -t- S (sect'on areas) = aver value of whole 
deposit. Where sections are spaced at unequal dijtaiices, they 
should be combined in proportion to their vol of infiuence. Estimates made for both 
sets of sections should check each other closely. Usually no allowance is made in esti¬ 
mates for extension of ore beyond last hole in any section. 

At Ray Consoi. CIoppeu Co’s property, holes were on corners of 2(X)-ft squares. Ton¬ 
nage and aver value of each 2()0-ft block were calculated separately, using data from 4 
corner holes. L. A. Blackner (61) giv'es following example of calculation for a block having 
holes 251, 249, 267, 263 at the 4 corners, the area of rectangle fomed by these holes being 

84 404 sq ft: Sum of tons in each block gave 
total tonnage, which was checked by pris- 
moidal calculations from cross-sections. Aver 
assay ol entire tonnage was obtained by com- 

250 'g'I'Si—i—HH-1—I-1—i bloi;k assays in proportion to their 

tonnage (see Table). In disseminated copper 
dei>osits, values usually grade out gradually 
into roerk on sides and bottom of orebody. 
In such cases, outlines shown by cross^o- 
tions merely represent limits of profitable ore; 
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Block Calculation, Ray Cons Mine 


Hole No 

Tliickuerai 
of ore, ft 

Aver % 
Cu aaaay 

Ft X % 

7.51 

90 

1.77 

159.30 

249 

345 

1 86 

641.70 

267 

100 

2 65 

265.00 

263 

80 

2 62 

209 60 

Total and 

aver 615 

2 07 

1 275.60 


1.0 1.6 2.0 2.6 3.0 ( 
Minimuin net ( used 
Fig go 


Av thir.knesa ore in blocks 615+4= 153.75 ft. 
84 404X153.75+ 12.5(cuftper ton)= I 038 169 
tona Av valne» I 275.6+615— 2 07% Cu. 


minimum assay varies with copper prices and with methods of mining and milling. Total 
tonnage in orebody increases as lower-grade ore is induded in it, A. J. Bale (60) gives a 
convenient method of analyzing these variables. Before averages are made, assays of 
drill samples ars corrected for mill recovery, corrected values being called mbt psb cbnts. 
Sets of sections are then constructed to include on margins of orebody ore having minimum 
Bst assays of, say, 1, 1.6, 2, 2.5, and 3% Cu. (This range of minima is for illustration only; 
min marginal grades of less than 1 % are included in estimates at several porphyry coppers.) 
Estimates of tonnage and aver value (net mean grade) are made for each minimum net % 
used, and results plotted as shown in Fig 99. Curve of net production, in lb of copper, 
is computed from known points on curves of tonnage and net mean grade. Interpolations 
made on these curves show at once the effect of including ore of any minimum net grade 
between 1 and 3%. This device is of course limited to the special conditions outlined 
above. See also Bib (513). 

In recent work at Utah Coppxb Mrerx (Art 10-b) holes were drilled as nearly as practi¬ 
cable at comers of equilateral triangles with 400-ft sides; near margins of orebody, 200-ft 
■pacing. Whole area was divided into 100-ft squares and each block, corresponding in 
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depth to proposed hei^t of bench on that level, was estimated. Where a 100-ft block 
contained a drill hole, its aver value was taken as that of the hole between elevations of 
top and bottom of bench; value of a block containing no drill hole was averaged on basis 
of its distance from nearest adjacent holes. For modes of ascertaining boundm'ies of 
profitable ore, especially as to depth of capping, see Bib (119). 

12. EXPLORATION BY SHAFTS, TUNNELS, AND DRIFTS 

Underground exploration is undertaken where conditions prevent surface work, or 
where surface exploration gives no information as to underlying orebodies. Art 3 con¬ 
tains suggestions as to location of openings with respect to geology. General rules: 
(o) keep workings in the orebody; (6) do first work on best showings, to see whether or 
not they are superficial; (c) cost must be low. due to high risk involved. For selection 
of equipment, see Bib (515) and Art 13. 

Narrow veins are explored as in Fig 100. On each oreshoot, a small shaft has been 
sunk, following sinuosities of vein (see cross-sec AB), and drifts are run on each shoot. 



Fig 100. Typical Exploratory Work 

Depth at which drifting starts in such work is from 50 to 100 ft. It depends largely on 
depth of surface alteration and level of ground water, but is influenced by so many local 
factors that only general statements can be made. Good showings in the drift may be 
explored with raises R or winzes W. In long oreshoots, raises may be put up at regular 
intervals. Workings are sampled and estimates made of tonnage and value of ore 
exposed (Sec 25) as work progresses. At different times these figures, together with 

geol conditions, form a basis for judgment 
as to whether: (a) prospect should be aban¬ 
doned; (fe) further exploration is warranted, 
and, if so, its amount and character; (c) net 
value and amount of ore proved and whether 
probabilities for extensions are sufficient to 
warrant systematic development and equip- 
Fig 101. Loagit Sec in Plane of Vein ment for the property. Further exploration 

would consist of deepening shafts and driv¬ 
ing otlrer drifts at intervals of 60 to 100 ft. Wins veins are explored by same general 
methods, but crosscuts are driven from wall to wall at regular intervals to determine 
width, character, and value of ore. 

Veins outcropping across a ravine may be explored with drift tunnels and raises 
(Fig 101). Tiumeling in general is cheaper than shaft sinking; the workings drain 
themselves, and hoisting is avoided. With steep topookapht there is great tempta ion 
to drive crosscut tunnels to intersect an orebody in depth (Fig 5, Art 1), lateral exploration 
being done by drifts, raises, and winzes as before. This involves a higher risk than where 
workings follow the orebody; the latter may be cut in a pinch and not be recognized; 
faults, and changes in dip or strike may cause the tunnel to miss the orebody. Large 
amounts of water occurring near surface may justify use of crosscut tunnels for early 
exploration. Difficulties of such work should be recognized; tunnels should not be far 
apart and there should :ie money enough to continue work, if orebody is not cut at point 
calculated from its surface dip. 

Beds which outcrop are explored by drift tunnels, slopes, or crosscuts. Vert shafts are 
sunk to reach beds, flat depo/its, and masses which do not outcrop. Where overburden 
is alluvium, test pits are located on corners of squares (Art 4, 5, 6). If such orebodies lie 
under a rock cover, exploration msually consists of one or more vert shafts, from which a 
series of drifts and crosscuts are driven to outline the orebody at different levels; raises 
extending to the capping above determine vert extent of ore. 




EQUIPMENT AND POOD SUPPLY FOB PBOSPECTING 10-77 


Bs^or*tton i($ •TttMntte 4cT0topia«it. Thera is no diarp ssparation between the 
two aotiv^iefe. Drifts sad other openings for ex]do»tory work are of stnall oroaswwction. 
Drillittg is uaaally done by hand, windlass or whim is used for hoisting. Power hoists 
itnproTiBed from aotomobile engines are economical when shafts go deeper than'hO-75 ft. 
Portable gasolene>powerad oompresson are useful. Expenditure for more elabcMrate 
plant is not made until itisUfied by results of work. For cost and speed of driving small 
drifts, tunnels, and raises, see Art 20, 21; for cost aS shafts, see Sec 7. Fsctora governing 
choice of different openings are as given in Art 16, 16. It is desirable to plan and locate 
exploratory openings with reference to possible future development, but thin should be 
subordinated to the juimary object of ezjdoration, as defined in Art 1. 

R6snm6. (d) Main objects trf exploration are to reduce mining risk, lessen coat of devei> 
opment, and increase profits of mining by obtaining information upon which intdhgent 
plans of work may be based, (b) Cheapest and quickest methods of obtaining this informa* 
^n are by surface exploration and by boreholes. But, in many cases, underground explor¬ 
ation is necessary and cannot be neglected, (e) Underground work at first should be so 
conducted as to obtain information even at expense of making special excavations of no 
value for mining purposes. Underground exploration should extend far enough in depth 
to prove oharsoter of the unaltered deposit l^ow the sone of surface action, or to prove 
existence of a suffioiently Iwge body of altered mineral for mining operations, (d) Explora¬ 
tion, surface and underground, should be pushed far enough to determine the character 
and extent of irregularities in thickness and in richness, and to obtain some idea of loca¬ 
tion and distribution of workable areas and their relations to areas of barren and unwork¬ 
able ground, (e) Number of openings made in the deposit, as shafts and drifts, wilb 
depend on local conditions. In deposits of irregular and uncertain character, openings 
should not be so far apart as to permit large areas of barren or unworkaUe ground to 
escape detection. (/) If necessary, crosscuts or boreholes should be driven at intervals, 
to search for and prove parallel beds or fissures, or to prove the deposit itself if wide or 
thick, (g) Assays should be made from time to time on carefully taken aver samples, 
and these, if required, may be supplemented by working tests on lots of representative ore. 
(h) Exploration and development should be pushed far enough to make sure that there is 
sufficient mineral to warrant erection of a permanent plant, and far enough to determine 
all questions affecting profitableness of the enterprise. On the other hand, unnecessary 
exploration or over-development must be avoided. H. S. Munroe (64). 


13. EQUIPMENT AND FOOD SUPPLY FOR PROSPECTING 

AND EXPLORATION 


Surface work. Following is 
in Nora Scotia (Art 6) ( 24 ): 


a liat of tools and supplies for 4 men doing surface exploration 


12 picks 

6 long-handled, round-point 
ehovele [shovels 

2 short-handled, round-point 
1 stone hammer 
1 striking hammer 
1 blacksmith’s hammer 
1 crowbar 
1 prospecting pick 
1 handsaw 

1 blacksmith’s file 

2 saw files 


1 cold chisel 
1 pr tongs 
l-ll/j-in auger 
1 brace 

I framing chisel 
1 water barrel 
1 portable forge 
a short drill steels 
1 single jack (hammer) 

1 cleaning spoon 

2 axes 

3 pails 


2 gold pans 
1 tub 

1 pocket lens 

1 compass (surveyor's or gsologist’a) 
100 lb mixed aVs-in and 7 -in naib 
25 lb SV2-in nails 
1 claw hammer 
.50 ft l-in hemp rope 
1 hoisting bucket 
*1 windlass 

1 diaphragm pump, 21/2-in auction 
1 combined anvil and vise 


In addition: repair parts for pump, l-in lumber for general purposes; 11/2-in lumber for oribbing 
teat pita; enough dynamite, fuaa and caps for, say, 20 sbota; Vs-in round iron; hoop iron; camping 
and Booking ouMt for 4 man; 1 month’s provisions. 

Proepecting, Quebec p>ld bdt Following supplies were suggested by Frisehe in 1025 (504), 
for each man prospecting in Quebec gold belt: Clothing —1 complete outfit, including topboots, 
waterproof pants and eoat, 1 suit underwear, 1 duck shirt, 3 pr heavy woolen socks, 1 pr duck pants, 
1 roll-neck sweater, 1 towel, 1 pr light canvas shoes, 1 rubber sheet, 2 pr 8-ib blankets, 1 mosquito 
bat. TooU —1 piok, 1 shovel, 1 Hudson Bay axe, 1 geologist’e pick, 1 long-handled striking hammer, 
1 blaoksmith hammer, 1 gold pan, 1 mmtar and pestle, 3 drills, 8/4.10 steel of different lengths, 
dynamite, fuse and deionators. MiietUaneout —Tent, canoe, packsaok, map, compass, linen tape 
(09 ft), magnifying glass, blowpipe, watch, jack-knife, fish-hooks and line, toilet Idt, first-aid kit, 
candles, matohes, soap. Cooking l/tenaila—l frying pan, 1 coffee pot, 1 plate, 1 tin cup, 1 knife. 
1 fork, 1 spoon, 3 tin pots with cover and bail, 1 large tin pail, 1 oan opener, 2 bread pans, 1 large 
mixing spoon. 
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Friaohe alao compiled following 
from aver of aevaral partim in Que> 
beo gold belt, figures being on a 


maa*day baaia (004). 

Flour. 0 76 lb 

Bacon. Q.60 

Beans. 0.26 “ 

Sugar. 0.40 “ 

Rice and barley. 0.15 

Desiccated eggs. 0 15 “ 

Macaroni. 0.10 “ 

Oatmeal. 0.10 " 

CorRmeai. 0.12 " 

Dried fruit. 0.25 “ 

Butter.. 0.08 '■ 

I^d. 0.03 “ 

Cboeae. 0.05 “ 

Tea. 0.025“ 

Coffee. 0.01 “ 

Cocoa. O.Ol “ 

Raiains. 0.04 “ 

Jam and marmalade.... 0.03“ 

Syrup. 0 03 “ 

Salt. 0.033“ 

Pepper. 

Baldng powder. 0 01 “ 


Per man-day. 3.048 lb 

Milk. 0 25 qt per man-day 

0*0. 0 lOeube" “ “ 

Yeast cakes .. 3 pkg per summer 

Soda . 2. 

Powdered jelly 12. 

Mustard. 1. 

Total coat per man-day 
in 1925. $0.67 


J. Y. Murdoch, in 1038, given following Ikt of tools pro¬ 
vided for 4-monthB' work by 5 men described in Table 3 and 
text. Art 7: 1 prospecting pick, 3 rook picks, 3 grub-hoea, 
2 round-point shovele, long handle, 2 same, short handle, 
2 striking hammers (7-lb), 1 hand saw, 1 croM-out saw, 
1 buck-saw with extra blade, 4 axee (2.S-lb), 6 saw files, 
0 flat files (10-in), 1 Buffalo blower, 1 anvil (20-lb), 1 pr 
tongs, 30 ft 7/8-in hex drill steel, 12 moUs, 1 cleaning spoon, 
1 pail for tempering, 1 pointed steel, 0-ft, for testing depth of 
overburden, 1 grindstone, 2 bags blacksmith coal. 

Balanced diet for prospectors. Following list is recom¬ 
mended to last 1 man a week (16): 


Evaporated milk.3 1-Ib cane 

Potatoes. 2 lb 

Other fresh vegetables. 4 " 

Citrus fruits (3 lb) or apples (or equivalent dried fruits) 0 “ 

Dry beans. 3 ” 

Cereals (or whole-wheat flour). 6-8 “ 

Smoked meat. 2.5 " 

Sugar. 3 ” 

Coffee. 1 '• 

Salt. 1/4 

Butter. l/j '• 

Baking powder. 


If water must be carried, 10 gal will suffice 1 man for 
drinking and conking for 3 days in hot weather, or about a 
week in cooler weather. 


Northern Ontario. A J. Keast and C. F. Jackson (325) give detailed costs of erecting and 
equipping a camp for 00 men on preliminary development of Cent) al Patricia, 100 miles N of Savant 
Lake (Can Nat Ky) Ontario, in 1030. T.uinlier was sawn on property; sand and gravel were avail¬ 
able for concrete. All other materials hauled 120 miles by tractor and sleds at 71^ per ton-mile. 


i 

1 

Building 

Equip¬ 

ment 


1 

Building 

1 

Equip¬ 

ment 

Sise, Ft 

Cost 

Cost 

Size, Ft 

Cost 

Cost 

Bunkhou^ie 1. 

IS X 20 

1218 

$246 


24 X 28 

$1 060 

$498 

Bunkhouse 2. 

20 X 30 

875 

1 155 

Powder maKasine . 

18 X 30 

633 

Bunkhouse 3. 

16 X 18 

155 

76 

Thaw house. 

8X10 

196 


Bunkhouse 4. 

32 X 20 

316 

258 

Cap and fuse house. 

8X10 

157 


Cook house. 

50 X 24 

1 694 

513 

Pump hnii«A .... 

8 X 10 

133 

944 

Office and residence. 

24 X 24 

766 

39 

Water tank, 10 000 

T wo small root housesj 


854 1 


gal. 


541 


Meat house. 

24 X 30 

613 


. 

10 X 10 

176 

441 

Ice house. 

12 X 14 

115 


Tractor garage. 

10 X 16 

285 

Blacksmith shop.... 

20 X 28 

673 

2 986(a) 

Drafting office.... 

6X18 

220 


Power house and hoist 




Headframe, 40 ft 




room. .. .. 

80 X 28 

2 115 

36 960 (b) 

high. 


1 411 

272 

Dry-house. 

18 X 28 

854 

157 

Sawmill. 


2 228 

Assay office. 

16 X 28 

630 

1 641 

Electric-light plant. 

1 .1 .i 

1 083 


(a) Including steel sharpener, $2 553. (6) Hoist, compressor, and two 110-hp boilers with 

feed-water heaters and puma's; cost installed given. 


Development from Mch 5 to Sep 20, 1030, included; 500 ft of 6.5 by 16-ft shaft, with 4 shaft 
Btations and sump: 1 776 ft drifting; 1 019 ft crosscutting. Roadmaking, surface exploration, 
and some diamond drilling were done tlie pre^nous year. Total cost of buildings, surface and 
underground equipment, including some items not listed above, $80 854. 

Undufiroimd exploration, Mcatana. R. H. Sales furnished following list of supplies and equip¬ 
ment for a enm of foreman, 4 miners and cook working in Flathead Co, Mont, from Deo i, 1913, to 
May 15.1914. They drove 555 ft of tunnels and crosscuts, and sank a 4 by 6-ft shaft 32 ft. using 
a windlass. Rock, soft porphyry; no water; no timberingwequired. Wages: foreman, $5; miners 
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on tunntla, 93.80; on abaft, 84. Two frama ahaoks were built, eseh requiring 1000 bd ft of lumber. 
Total ooat, labor, auppliea, and equipment, about 85 500. The liat waa made by a man of wide 
oxperience in thia aort of work in the NW and inoludea no unneceaaary itema (aee alao Bib 326}. 


Minir.g tooh and titpplitt 

1 proB];>eetins hammer 

2 4-lb atriking hammera 

1 7-lb ‘ ‘ hammer 

18-lb “ 

8 18-in hammer handler 
8 38-in 

3 long-handled round-point 
ahovela 

3 8-lb drift picks 

4 41/2-18 •* “ 

12 pick handler 

1 all-steel wheelbarrow 
200 lb 7/g-in drill ateel 
6 lb S/g-in mild steel 
19 Ib G/s-in round iron 
800 lb 40% gelatine dynamite 
200 lb 60% 

4 200 ft fuse 
1 100 6 X caps 

3 boxes candles 

50 ft G/g-in manila rope 
1 5-lb wedge 
17-lb •• 

Mine oar and rails 

Small suppliM 

1 keg lOd nails 

2 lb 3d 
lOlbSd 
61b20d 

30 1b40d •• 

2 pair 4 by 4 ateel butta 
2 door locks 

4 1/4 by 1 1/4-in carriage bolts 
IS gal kerosene 

1 qt Boston coach oil 

Miaeellaneoui 
1 whiskey barrel 
4 dinner buckets 
1 lantern 

1 No 8 Admiral stove 
1 No 1 o Columbia heater 

1 No 2 o Columbia heater 
14 joints 6-in stove pipe 

2 joints 6-in stove pipe, with 
check draft and dampers 


AfiteellaneouB (Can't) 

1 tent 12 by 14 ft, 12 oa 
1 No 1 galvanised-iroa tub 
1 sine washboard 

1 Keystone clothesline 

2 6-in tent Hanges 

3 pkg 6/s brass shoe nails 

4 “ 4/g C H Hung nails 
1 cobbler set 

3 pair half soles 

3 ‘ ‘ heel lifts 

1 wash bowl 

1 8 by 10-in mirror 

1 8-m scrub brush 

1 yd 48-in canvas 

1 s-t 2-ply Buberoid roofing 

1 l/j-pitch tin roof jack 

2 yd 3C-in oilcloth 

25 bars common soap 
10 bars hand soap 
Medicine chest 
Blankets 

Blaekamilh'a tools and supplies 
1 pair No 1 blacksmith tongs 
1 pair GAD tongs 
1 cold cutter 
1 40-lb blacksmith vise 
1 No 2 blacksmith hammer 
1 70-lb anvil 
1 No 400 blower 
1 hardy 
1 hot cutter 
600 Ib blacksmith coal 
1 bottom swage 

1 10-in flat file 

3 6-in taper files 
3 8-in M B files 

2 lO-in M R files 

1 metal worker's crayon 
1 10-in wrench 

Carpenter's tooh 

1 No 3 hand axe 

2 Jennings bits, 1/2 and l-in 
1 saw set. No 12 

1 10-in wood rasp 
1 4-ft, 1-man Bimonds saw 


Carpenter's tools (Con't) 

1 6-ft crosscut saw and extra 
handies 
1 4I.'2-D B aze 
1 33/4-8 B axe 
1 1.5-in framing chisel 
1 level, No 50 
1 steel square. No 14 
1 10-1 n brace 
1 26-in hand saw 
1 clawhammer 
1 iron jack plane, No 5 
1 22-lb grindstone and hangers 
1 adse and handle 
1 No 60 axe stone 

1 No 11 mason's line 
4 pieces blue chalk 

Cooking utensils, tableware 
4 frypans, Nos 2, 4, 6, and 7 

2 dish pans, 14 and 21 qt 

2 8-qt milk pans 

3 drip pans, 15, 20, and 21 in 

1 1-qt pudding pan 
6 2-qt pudding pans 

4 4-qt pudding pans 

3 preserve kettles and covers 

2 large saucepans and covers 
1 coffee pot 

1 tea pot 
1 tea kettle 
1 pitcher 
1 dipper 

1 20-in butcher saw 
1 10-in butcher knife 
1 12-in butcher steel 
1 kitchen knife 
1 cake turner 
1 cast griddle 
1 can opener 
1 coffee grinder 

1 12-.qt galvanised iron pail 

2 14-qt “ “ “ 

12 10-in tin pie plates 

12 each, plates, cups, saucers, 
soup bowls, teaspoons, table¬ 
spoons 

24 knives and forks 
1 1-pt syrup pitcher 


Provisions (66). Weight of rations, calculated to hive sufiiciciit food value to allow men to 
work and keep healthy, varies from 3.3 to 4.4 lb per man per day; actual consumption in mining 
camps is often 0 to 7 lb per man-day, difference being largely due to waste. D. £. Woodbridge hae 
found by experience that supplies in the following liat arc suitable for BE.UOTS begionb and properly 
proportioned to come out even. Figures are in lb per man per month; wt, 3.3 lb per man-day. 
Where game is plentiful, cut down on ham and bacon, double the quantity of salt, and add onions and 
evaporated vegetables. , 


Lb 

Flour, cornmeal, hardtack, rice, grits, 
oatmeal, or similar foods, at least two- 
thirds of which should be flour prepared 


for self-raising. 42 

Clear mess pork, bacon, and ham, say 

one-half pork. 27 

Beans and split peas, two-thirds beans. . 7 

Sugar. 6 

Evaporated fruits, mostly apple. 4 


Lb 


Butter. 3 

Canned milk. 2 

Cheese. 2 

Tea, coffee, and chocolate. 2 

Salt, pepper, celery salt, mustard, two- 

thirds salt. 3 

Baking powder, if self-raising flour is not 

used. 1 

Bottle of lime juice 


Other BALANCED BATio.vn for prospectors in the West and SW are given in Bib (327); cost 
traged about 504 per man-day, which is about a minimum for healthful subsistence. 

The old U S Abmt bation per man-day waa: Bacon or pork, 12 os (or fresh beef, 22 os); soft 
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bread or flour, 18 on (or hai^ bread, 18 os, or oomineal, 20 os). FoBowi&s were abo issued per day 
to 30 men: Beans or peas, 6 lb (or rice, 10 lb); sugar, 6 lb; vinegar, 1 qt; soap, 1 lb; salt, 1.8 lb; 
pepper, 1.25 os. U 8 Fohbst Sbbvicb recommends following list to serve 1 man 30 days; freeb 
meat, additional, to be purchased locally; 


Bacon, salt.. 

. 2 Ib 

Oatmeal. 

.. 6 lb 

Sauerkraut.... 


Bacon, smoked.. 

. 10 •• 

Onions... 

.. 6 " 

Spinach. 


Baking powder.. 

. 1 “ 

Pepper. 

.. 1/4" 

Tomatoes. 

. 6 “ 

Baking sods.... 

. Vl“ 

Potatoes. 

.. 15 “ 

Green CbUi.... 

. 3 “ 

Beans. 

. 5 “ 

Raisins. 

.. 2 “ 

Chili powder... 

1 small bottle 

Butter. 

. 2 “ 

Rice. 

.. 3 “ 

Jam. 


Cheese. 

. 11 / 2 “ 

Salt. 

.. 1 “ 

Syrup. 


Coffee.. 

. 4 “ 

Sugar. 

.. 12 “ 

Candles. 

. 6 

Dried fruit.. 

. 9 “ 

C'orn. 

., Ocans 

Matches. 

. 2 large boxes 

Flniir.. .. , 

.24 


.. in ■ ■ 

Iftundry.. 



_ 4 •* 

Pf>HH.. 

... 6 •• 

SowD. hand._ 

. 1 •• 

D. J. Williams (328) gives following list of pro<’isions consumed in .TO days by crew of 25 men 

working for the Hirst-Chiohagof Co, at j uneau, Alaska, in 1930. 

The more important staples are: 

Apples and apricots. 

Iloiled oats . .. 

. 18 8 Ib 

Beef. 

.... 632.0 1b 

evftp.. 

.... 18.7 lb 

Salt . . ... 

48.0 

Pork. 

.... 159.6“ 

Prunes and figs, evap 37.5 '' 

iShoi renJog fats... . 

. 60.0 “ 

Bacon. 

.... 86 . 1 “ 

Baking powder 

and 

Macartiiii, spaghetti 

[. 17.6“ 

Ham. 

.... 134.8“ 

soda. 

.... .5.0“ 

Sugar. 

. 416.3 “ 

Canned fruits (lO’s) . 89 tins 

Beans, dry. 

... 43.8“ 

Tea. 

2.0 “ 

Canned vegets (lO's) 72 “ 

Peas, dry. 

... n.5“ 

Yoast. 

4.0 “ 

Cond milk (tall) 

. 400 “ 

Butter. 

... 10.5.0 “ 

C abbago. 

. 104.0 “ 

Sardines (16 'b).. 

_ 29 “ 

Cheese. 

... 20.0 “ 

Carrots. 

. 79.0 “ 

Soap, white. 

.... 71 bars 

Coffee. 

... 70.1" 

Onions. 

. 100 . 0 “ 

Crackers. 

.... 10 lb 

Flour, white. 

... 475.0 “ 

Parsnips. 

. 30.0“ 

C'ereals, dry.... 

_ 40“ 

Flour, graham... 

... 10.7“ 

Potatoes. 

. 558.3 “ 

Vinegar. 

.... 4 1/2 qt 

Raisins A currants... 15.0“ 

Turnips. 

. 50.0 “ 

Salad oil. 

_ 1.7 “ 

Rice. 

... 12 . 6 “ 

Eggs. 

. 130 dos 



Principal additions to above: 

spices, condiments, 

snd flavoring extracts. Gross wt averaged 

7 lb per man-day. 

bib (328) also gives siae and wt of standard packages. 


At Iron Mt, 

Idaho, 20 men 

, including cooks, consumed following supplies during 4 winter 

months. Fresh vegetables gave out and canned goods were used. 

Double the amount of cabbage. 

turnips, parsnips. 

and one-half more onions and carrots should have been provided. 


Fresh beef. 

. 2383 lb 

Sait. 

105 lb 

Molasses . 

.. 2 gal 

Fresh pork. 

. 581 “ 

Dried peaches. 

30 

Jelly. 

.. 3 buoksts 

Fresh mutton..., 

. 167 “ 

Dried apples. 

65 “ 

Vinegar. 

.. 6 gal 

Fresh fish. 

. 100 “ 

Dried apricots. 

50 “ 

Baking powder. 

.. 6 Ig eans 

Fresh chickens... 

. 112 “ 

Dried prunes. 

100 • • 

Pickles. 

.. I keg 

Fresh eggs. 

. 69 dos 

Raisins. 

150 “ 

Ijird. 

.. 25 lb 

Case eggs. 

. 6 cases 

Condensed milk... 

23 coses 

Catsup. 

. 1 gal 

Ham. 

. 472 lb 

Canned corn. 

3 

Tea. 

.. 30 lb 

Bacon. 

. 258 “ 

Canned tomatoes.. 

5 

Chocolate. 

.. 5 “ 

Butter. 

. 330 “ 

Canned peas. 

5 

Cocoanut. 

.. 6 “ 

Flour. 

. 29 sacks 

Canned peaches. .. 

1 case 

Soda. .. 

.. 2 '• 

Graham flour.... 

. 501b 

Canned pears. . .. 

1 

Yeast foam. . .. 

.. 10 pkg 

Com meal. 

. 2 1/2 sacks 

Canned pumpkin.. 

1 

Cornstarch.... 

.. 6 

Coffee. 

. 322 1b 

Canned oysters.... 

1 

Chowchow. 

. . 8 qt 

Potatoes. 

. 40 sacks 

Maple syrup. 

3 cases 

Pepper sauce... 

. . 2 bot 

Carrots. 

. 200 lb 

Crackers. 

4 

Currants. 

.8 pkg 

Turnips. 

. 100 “ 

Macaroni. 

3 

Hominy. 

.. 201 b 

Cabbage. 

. 200 “ 

Cheese. 

77 lb 

Matches. 

.. 1/8 case 

Onions. 

. 248 “ 

Sugar. 

9 sacks 

G S soap. 

..1 “ 

Parsnips. 

. 100 “ 

Oatmeal. 

3 

Tar soap. 

..1 “ 

Apples. 

..800 “ 

Beaus. 

11/2 sacks 

Ivory soap. 

.. 1 " 

H. L. Carr, in prospecting placer gravel in Guatemala (work very heavy, negro labor, isolated 

oamp), found weekly food e'lnsumption per man as follows: 



Black beans. 

.1.4 1b 

lArd. 

... 0.5 lb 

Coffee. 

. 0.3 Ib 

Plantain. 

.3.0 “ 

Flour. 

_ 5.0 

Salt. 


Ground provisions 

Rioe.. 

.... 2.1 “ 

Baking powder. 

. 0.17" 

(sweet potato, cas- 

Sugar.. 

.... 1.3 “ 

Beef, live wt_ 

...10 to 15“ 

sava, etc). 

. 3.0 “ 






Moitt was designed to attract and keep labor; beef, salted and dried immediately after Idlliag. 
Work done between April and July. (See also Trans AIMS, Vol 20, p 187.) 
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DEVELOPMENT 

11. -GENERAL 

Systematic development. PurjicscB: (a) to provide openings for atoping and trans- 
iwrting mineral; (?>) to obtain further and more detailed information as to character and 
else of orebody. Relative importance of these functions depends on type and aise of 
orebody; the second is more important in orebodiea of irregular shape and tenor, and in 



Fig 103. Section in Plane of Vein 



Fig 106. Chandler Mine, Mich (after Leith) 


general during early stages of development. Two problems are presented: modb or 
ENTRY, which involves a decision between vert or inclined shafts, drift or crosscut 
or a combination of these, for reaching the orebody from surface, and lateral or bur> 
BiDiART DEVELOPMENT, which doals chicfly with workings within the orebody. 

Modes of entry for pitchino veins are (Fig 102): a vert shaft CD started in 
wall; a footwall vert shaft AB; a footwall inclined shaft AB; or an inclined shaft OH, 
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in the vein. Except in the last case, cronscuts are necessazT at intervals to reach the 
vein (Art 19) ■ A vert shaft is tiie correct mode of entry for flat ob vbbt osposits, l 3 dnK 



LONOnr 8EC IN PLANE OF VEIN CR088-SEC 
Fig 107 


under flat topography (Fig 103, 104). 
In MOUNTAINOUS BBGioNS, entry to 
veins or other deposits may sometimes 
be made by crosscut tuimels (p, Fig 5) 
or drift tunnels (Fig 105). ^g 106 
shows entry to a massive orebody, by 
both vert and inclined shafts. It is 
common to find 2 or more openings of 
the same or different kinds on a single 
orebody (Art 15 to 18). 

Lateral development. Fig 105 and 
107 show typical forms for vbins, 
independent of mode of entry. Drifts 
d, in the vein, are connected by raises 


following the vein from level to level (Art 19). Development in thin beds is similar; 


the ore is divided into blocks by drifts roughly at right angles to one another. Fig 108 



Tig lOS. Bedded Deposit, Leadville, Colo 


shows development in a bedded deposit, 10 to 25 ft think; drifts outline the orebody in 
plan, raises give its vortical extent, and both are used later in coimection with stoping. 



Fig 109. Massive Deposit, Bingbam, Utah 


Fig 106 shows somewhat similar development of an irregular massive deposit (66), 
Methods of mining exert a dominant influence on mode of lateral development, especially 
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^ large orebodies (see Art 19 to 23). In general, lateral development divides an orebody 
into blocka, the edges or comers of which afford numerous points of attack and . the 
tonnage and value of which may be ccnnputed; the openings also outline payable areas 
and aid ventilatioa and drainage. 

15. CHOICE OF MODE OF ENTRY 

Openings in orebody vs those in country rock, (o) Ores are often softer than adjacent 
country rock; if so, it is cheaper and quicker to make openings in them, but cost of main¬ 
tenance in soft ground may outweigh this advantage. (6) Openings in the deposit have 
an exploratory value; chwce of losing orebody is reduced, (c) Mineral extracted may 
pay part of cost of work. These advantages are greater when funds arc limited and 
prdiminary exploration has not been thorough. Crosscut tunnels and vertical shafts 
are in country rock; drift tunnels follow orebody and allow stoping to start at any point. 

Inclined shaft in orebody vs inclined shaft in footwall. Inclined shafts for large 
tonnages must be straight. Gradual changes in dip' are allowable, but if numerous or 
sudden they increase hoisting coat and decrease shaft capacity by limiting hoisting speed. 
A straight incline can not be sunk in a deposit of irregular dip; at some point it must 
extend into country rock. Hence, in such orebodies the footwall location (Aif, Fig 102) 
is generally preferable for large shaft capacity. For small output, a straight shaft is less 
important and the exploratory value of a shaft in the deposit often recommends its use. 
In fairly regular deposits, large outputs can be handled through shafts in either location; 
choice is then based on other factors (see below). 

Michigan copper mine practice (G7, 68, 486, 487, 488, 489). The native copper occurs 
in conglomerate and amygdaloid beds; dip in northern part of district is 37“ to 42“. 
Operators differ as to which shaft location is better. Advantaoes of footwali, ariAFT; 
(a) Bins for loading skips can be placed directly over the shsi't, and for the most part are 
cut in ore; this advantage disappears if skips are loaded dii'crt from cans, as is done in 
many mines, (b) Less timlxir is required in upper part of a footwall sliuft than for a sliaft 
in the vein; hence, there is less danger from fire. Fire is prevented by sub.stitution of 
concrete and stool supports for timber, (r) Footwall location obviates necessity for shaft 
pillars, which must be left on each side of a shaft sunk in ore, and which tic up large 
amounts of ore during life of shaft. Mining operations may throw great pressures onto 
shaft pillars, and, if a "creep” starts, it may destroy the shaft. Dlsapvantaqeb of 
FOOTWALL shaft: (a) it costs more to sink; {b) it requires crosscuts and stuiious cut in 
rock; (c) it produces no ore while sinking and gives no information as to character of the 
deposit. Some footwall shafts cost more to maintain than those in the vein and vice versa 
depending on local chHraoterj.stics of rock and ore; most shafts have been sunk in the lode^ 
It is an open question whether in new mines a small shaft should not be sunk in the vein, 
and lateral work carried on from it far enough to prove the orebody. The working shaft 
could then be raised simultancoiLsly from several levels, and placed in vein or footwall 
in the light of information obtained. 

Tunnels vs shafts. Drift and crosscut tunnels can be driven faster and cheaper than- 
shafts. Wet ground increases this advantage, as a tunnel drains the overlying ore and 
eliminates pumping. Hoisting plant also is not required until operations extend below 
the tunnel level. 

Crosscut tunnels prosiiect the country rock and may disclose parallel deposits (Art 3). 
Drift tunnel is usually preferable, if a choice exists, ^isk involved in driving crosscut 
tunnels is higher than for other methods of entry; it increases with length of tunnel and 
its depth below known ore. It is unwise to begin development with a long crosscut before 
exploration has shown an adequate tonnage of ore, and either proved or given strong 
geological e\'idence of its extension to the tunnel level. » 

Several long and deep crosscut tunnels have boon driven, to provide drainage and eco¬ 
nomical transportation for groups of mines. They are justified when the saving on 
known orebodies will amortize cost of tunnel at a profit during life of properties affected. 

Drift and crosscut tunnels serve mainly for extraction of ore lying above them; shafts 
mtist be sunk from tunnel level or from surface to develop deeper portions of a deposit. 
Internal shafts require large excavations for hoisting plant, and the latter must lie ox>erated 
by eleo or compressed air; underground hoists, however, are increasingly common. 
When steam hoists are used and power is generated at the mine, saving is effected by plac¬ 
ing the hoist on surface close to boiler plant. Combined cost of tramming and transferring 
ore to tunnel cars is often more than cost of hoisting the extra distance to surface. Ques¬ 
tions of convenience in handling ore on surface may m:>dify choice of method. Hoisting 
plant on surface, but delivering loads to a tunnel at some distance below, is a frequent 
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arraxiKemeht in rugged country. Tunnels preserve th»r drainage function after mining 
above them has ceased; surface water may be intercepted at the tunnel level, and the 
head on pumps at lower levels is reduced by difference in elevation between coUar of shaft 
and tunnel level. Saving in pumping may warrant the cost of a new and deeper adit, or 
the driving of a tunnel to tap workings already opened by a shaft, even though the tunnel 
is used for drainage purposes only. Length of such a tunnel which it will pay to drive — 
present value of tot^ saving in pumping cost during probable life of mine -S- cost per ft of 
tunnel; for example, with power $60 per hp-yr, cost of tunneling @ $20 per ft, and a 
lO-yr life, it will pay to drive 600 ft of tunnel per 100 000 gal water per day per 100 ft 
head saved. For recent examples of long drainage tuimels, see Ojuela, Trepca, and 
Halkyn, Art 20 and Bib (483, 484, 498). 

Vertical vs inclined shaft A typical example requiring a decision between the two 
kinds of shaft arises in case of a pitcbung vein, as in Fig 102. An inclined shaft is generally 
sunk in footwall (A B). Vert shaft may be at CD or AE; either location requires more 
crosscutting than the inclined shaft, and from this standpoint the inclined shaft has an 
advantage which varies with dip of vein and with depth; this advantage is partly offset 
by the greater length of incline required to reach a given level. Shaft AE always requires 
more crosscutting than CDi for CD, the total length of crosscuts is a minimum when 
CF n FD. Depth CD must be assumed in compaiiug merits of alternative locations. 
Factors to be considered are: 

(a) First cost. Vert shafts cost more or less per ft than inclined shafts, according to 
local conditions and the way in which ground breaks. Sometimes drill holes in one or the 
other can be placed to take advantage of planes of weakness, thereby increasing speed and 
decreasing cost. Sinking very Hat inclines resembles drifting; they usually cost less per 
ft than a vert shaft of same cross-sec (see Sec 7). Cost per ft of crosscutting (Art 20) 
is same for either mode of entry. A compaiison of total costa is made by applying unit 
costs to total footage of the different oi>cuings involved. For given depth and unit costs 
of sinking and crosscutting, an angle of dip will be found at which the cost of hanging-wall 
abaft CD (Fig 102) with its crosscuts is same as that of footwall sliaf t AB with its crosscuts; 
on Hatter dips, an inclined shaft entry is cheaper, and vice versa. Critical angle in most 
eases is about 70°. For all dips permitting a choice, a footwall vert shaft AE and its 
crosscuts cost most. 

(b) Cost of equipment. To reach a given level, vert shaft requires less hoisting rope, 
piping, wiring and timber, than an incline. Cost of surface plant is related to typo of 
shaft in a very general way only; it should be determined for each alternative. 

(e) Cost -of operation. Hoisting in vert shafts is usually cheaper than in inclined 
shafts, beos.use hoisting distance from a given level is less; hoisting ropes last longer; there 
are no rollers to wear out and replace; rails, and skip wheels, axles and boxes are trouble¬ 
some; expense of axle lubrication is avoided. As against this, aver length of tram to 
vertical shaft is greater; extra cost of tramming may more than compensate extra dis¬ 
tance to be hoisted in the indmed .shaft. Comparisons of operating cost can be made in 
a manner similar to those of first cost as outlined alxive. 

(d) Relative capacity. Danger of derailing the skip limits rope speed in inclined shafts to 
max of 3 000-3 500 ft per min, which is possible only with straight shafts, good rolling 
stock and well built track. Rope speed in well constructed vortical shafts has reached 
6 000 ft per min; hence, they have a larger potential capacity for a given cross-sec. Large 
«kips can be used in inclined shafts without material increase in cross-sec of shaft, and 
large outputs obtained in spite of lower hoisting speed. Since the track supjxirts a por¬ 
tion of the load, the power for hoisting a given output may not be greater than in a vertical 
shaft handling same output in smaller loads at highui speed. 

(e) Maintenance. Hanging-wall shaft CD (Fig 102) requires pillars of ore for support 
between points F and K. In weak ground or over thick orebodies, even if pillars are left, 
cost of its maintenance may eliminate it from consideration and limit choice to shafts AE 
or AB, which are unaffected by mining operations. Usually vertical shafts cost less for 
maintenance than inclines; in the latter, also, it is more diffipult to set timber and keep it 
in alinement. Soft or running ground prohibits the use of incliuect shafts. 

(/) Depth modifies tbo relative importance of the foregoing factors (Art 16). Deep 
vertical shafts, sunk in the early history of a mine, have same disadvantages as long crosa- 
Gut tunnels. 

(g) Time. Extra crosscutting required by a vertical shaft may increase the time 
to reach an oiebody at a given level. This is important in planning development in 
orebodies to keep ahead of turning; als(> in deep-level projects (Art 16). 
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16. FACTORS INFLUENCING METHODS OF DEVELOPMENT 

Th» article deale with the oonditiona commonly affecting both mode oi entry and 
lateral development. It should be noted that development methods are a compromise 
between many conflicting factors; local conditions often predominate in final choicer. 

Topography. It is only in mountainous regions that a tunnel entry secures suffisisnt 
backs of ore to warrant its cost. Few important producers have been able thus Dar to 
avoid hoisting entirely. Fig 110 illustrates the futility of positive statements. While 
orebodies dipping less than 16° are 
best entered by a vert shaft, with 
topography as indicated by dotted 
line, an incline might well be justified 
(Art 18). 


LONGIT SEC IN PUANE OF VEIN 
Fig 110 Fig 111 

Local geology has a marked influence in determining the fiosilion of development 
openings where their exploratory function predominates (Art 3). Also, location of open¬ 
ings and mode of entry should lie planned to avoid danger and expense of passing through 
faulted zones, water-bearing strata, or bodies of quicksand, which would increase main¬ 
tenance cost. Many largo mines maintain a geological staff; by cooperating witli the 
mining department they can direct exploratory drilling, reduce total footage of develop- 






Fig 112. Central Copper Mine (Longit See in Plane of Vein) 


ment work required, and place the openings where they will have highest exploratory 
value and avoid bad ground. 

Location of oreshoots. Fig 111 shows a single large oreshoot having a flat pitch in 
plane of vein. With shaft in position AB, length of drifts through barren ground increases 
rapidly with depth. Inclined shaft CD, if sunk in or under the orebody at an angle to 
the dip, will reduce amount of dead work; but, results of this plan ore often disappointing. 
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because of the usual irresularitiea of oreshoots. From other standpoints, a choice of the 
two methods is similar to that between vert and inclined diafta (AH 16). 

Fig 112 is an example of such work. The oreehoot lay in a narrow vert fissure, pitch¬ 
ing N across a series of conglomerate and amygdaloid beds, and passing into green¬ 
stone to the north. During first 6 years after discovery, 4 vert shafts were successively 
sunk to the 120-ft level. Inclined shaft No 5 was sunk in the vein to shorten lateral haul¬ 
age to shaft No 4, and to avoid sinking another vert shaft through greenstone where 
fissure was barren and maintenance cost high; it also reduced surface tramming distance. 
The incline, which was begun when shafts 2 and 4 were about 500 ft deep, bottomed the 
shoot at between 700 and 800 ft; it was then abandoned and the shoot followed with lAafts 
2 and 4. 

In case of a pitching oreshoot passing through the end line of a property, as at BP 
(Fig 111), the problem of entry on the adjoining ground is like that presented by deep- 
level mines. Position of oreshoots largely determines position of raises, as they are kept 
in ore to provide points of attack and ventilation for stopes (Art 19). 



An example of awkward development, caused by the position of an oreshoot and lack 
of confidence in its persistence, is found at the Morro Velho mine. Fig 113. The oreshoot 
lies in an almost vert vein; it pitches 45*’ at the surface, flattening to 10° at a dep-'ih of 
6 100 ft, and becoming still flatter and more irregular at 6 700 ft. The 2 264-ft lei-el is 
reached by vert shafts from the surface. Below this, is a series of vert shafts sunk ’rom 
tunnels as shown (517). In 1928, the 6 900-ft (No 24) level was working and develop¬ 
ment had started at 7 000 ft. In 1937, total depth was reported as 8 050 ft. 

Deep mines. Peculiar development problems arise where mining rights terminate at 
vert planes passed through surface property lines. Fig 114 illustrates conditions on the 
Rand. Cold-bearing beds, locally called rxbfs, extend to great depths. Dips vary 
greatly; in the central Rand, aver dip at outcrop is 50° to 60°, flattening to about 30“ in 
depth. Properties wo’Kcd from the outcrop are called outcrop mines; those covering 
adjacent extensions on the dip are known as first row, second row, etc, of dkbp-i,bvbl 
MINES. There are 3 modes of opening a deep-level property underlain by an inclined 
deposit; (a) A vert shaft is Pank to the reef near the rise boundary, and continued as an 
incline in the footwall, the 2 parts of the shaft being joined by a carefully designed curve; 
called n RNED-VBRTICAL cr compound shaft (XYZ, Fig 114). (5) A centbai, vertical 
^SHAFT AB is sunk, and the reef reached by crosscuts, (e) An arrangement similar to (a) 
except that the vert and inclined parts of shaft are not directly oohnected. Inclined 
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■haft, operated by an independent underground hoist, delivers ore to poolcets which 
feed skips in the vert ^aft. This is stage boihtikg (Stsc 12). Fig 115 i^ows arrange- 
ment at' Crown Mines, Ltd, Witwatersrand (71). 

Ob the Rand the turned-vert shaft has been common for first and second rows of 


deep-level mines, largely because it brings the mine to the producing stage quicker than a 
central vert shaft, thus saving interest charges on the large capital necessary to open and 
equip a deepdevel property. Other advantages as compared with central vert shaft, are: 
saving in crosscuts and raises, 


and ultimate utility of shaft to 
any depth. Disadvantages: cost 
of extra length of inclined section; 
slower hoisting, due to neces- 
dty for slowing down at curve; 
greater wear and tear on incline 
and on ropes, especially around 
the tium. From standpoint of 
first cost, choice is based on com¬ 
parison of inclined shaft YZ (Fig 
114) and vert shaft CJ3; result is 
governed by dip (Art 15); the 
fiat dips of the Rand obviously 
favor inclined shafts (20). Some 
engineers favor the central vert 
shaft for all cases (for further 
detail and different points of 



view, see Bib 30, 70, 72, 73). In 1937, several new vert shafts were in progress, expect¬ 
ing to cut the reef at 6 000 ft or more. In 1934, Robinson Deep was stoping at 7 500 ft 


and developing at 8 500 ft, vert depth, the deepest mine in the world. At 7 largo Rand 
mines, aver depth advanced r>er year, 1917 to 1935, was 160 ft (195). 

Factors of reduced speed and increased wear on hoisting rope, etc, become serious as 
depth increases, and, combined with mechanicEd difficulties in deep hoisting, have led 


Rand engineers to favor stage hoisting for depths over 3 000 ft. If proper storage or 



rapid transfer is provided at transfer point, 
stage hoisting greatly increases the capacity 
of a shaft, since l>oth parts of it can be hoist¬ 
ing simultaneously. Comparative costs of 
hoisting reported for turned-vert and stage 
hoisting are in favor of the former; this is to 
be expected unless depth is great and excess 
capac of the stage system fully utilized. A 
turned-vert shaft can Iw converted to stage 
hoisting, as in case shown by Fig 115. For 
stage hoisting designed for 7 000 ft depth, see 
Bib (510). See also Sec 12. 

Michigan copper region. Fig ll6 shows 
approx property lines of a group of mines 
covering outci’ops of Calumet conglomerate 
and Osceola and Kearsarge amygdaloid beds. 
Dip of beds, to 38“. 

Tamarack Co worked the undei'Iay of the 
Calumet conglomerate through 5 vert shafts, 
ranging in depth from 3 409 to 5 308 ft. 
No 5, the deepest, cut the vein at 4 0C2 ft; 
bottom of shaft was over 1 600 ft horizontally 
from the vein. From the bottom crosscut of 


No 3 diaft (depth 5 253 ft) an incline in the vein was operated by a compressed-air hoist. 
This was to save deepening the shaft and driving long crosscuts, which had high mainte¬ 
nance cost. Calumet & Hecia Co worked this conglomerate bed for length of 2 miles 
through 10 inclined shafts in the vein, deepest being 9 300 ft on dip (1037). There is also 
a vertical shaft, the Red Jacket, 4 920 ft deep, cutting lode at 3 287 ft, which handled 
copper rock from all northern shafts below 56th level; it had crosscuts to lode on every 
third level from 36th to Slot. Tract lying between Tamarack Jr and Tamarack (Fig 116), 
about 1 300 ft wide and 6 600 ft long was opened by an inclined shaft, 25 ft in footwall 
and sunk from 57th level. This shaft dips only 22“, due to position of property lines 
which forced the shaft to take a direction at an angle to dip of vein. Mine cars were 
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hoisted in this ^aft and transported mechanically 1 500 ft on 57th level to Red Jacket 
■haf t. This plan saved a very deep and costly vert shaft. 

Lower half of Fig 116 is a projection of property lines on plane of Kearsarge lode, which 
outcrops as shown and dips 34® to 42®. Abmoek Co opened its property with 4 shafts, 2 of 
which were sunk in the lode from outcrop. To develop northern part of property, where 
outcrop is owned by Mohawk Co, 2 shafts were sunk, starting on angle of 80®; at 980 ft, 
they curve on a 400-ft radius and enter the Kearsarge lode at 1 275 ft, on angle of 34®. 
There are 3 levels, reached by crosscuts, above point of intersection of shaft and lode. 
These 2 Ahmeek shafts start on surface close together, but diverge to N and W. 

Allouez Mining Co sunk 2 turned shafts to Kearsarge lode, starting from surface at 
angles of about SO®. Depths tf> change of angle are 1 435 ft and 2 307 ft; total depths 



3 644 and 3 407 ft (1916). 
Tamarack, Ahmeek, and 
AIloucz mines are con¬ 
trolled by Calumet Sc 
Hecln Co. The turned 
shafts were sunk in the 
light of experience gained 
from the deep Tamarack 
and Red Jacket vert shafts 
and their long crosscuts. 

Centennial mine has a 
small tract A (Fig 116), 
covering outcrop of Kear- 
sarge lode, and a right of 
way 100 ft wide connect¬ 
ing it with the large under¬ 
lay property shown. Due 
to these conditions a novel 
mode of entry was adopt¬ 
ed. Two inclined shafts 
were started in the out¬ 
crop, close together; 


PROJECTION ON PLANE OF KEARSARGE LODE southerly shaft runs 


jrjg ] straight down the dip; 

other is parallel until the 

underlay property is reached, where it curves 15® to the north in plane of vein. A com¬ 
pound curve, 300 ft long, has a slight levcrsi' at each end to keep the rope on idlers, 
and skip slows down in passing the turn. The hoisting rope has shown greater wear than 
on the straight incline; otherwise the arrangement is satssfactory (67). For further data. 


see Bib (486, 487, 488, 489). 

North Star mine, Cal. Here a turned-vert shaft had a different purpose. A gold-quarts 
vein dipping irregularly, but at aver of 26°, was opened by an inclined shaft. Later a 
1 592-ft vert shaft was sunk to intersect vein at 4 000 ft on dip and thence continued as 
an incline to 6 300 ft, or 2 412 ft vertically. This shaft reduced haul to surface by 2 370 ft, 
and its first cost was justiffed by saving in hoisting cost. This vert shaft has since been 


deepened to just below 3 495-ft level for working of deeper veins with opposite dip, and 
turned-vert hoisting is no longer employed (481). High maintenance cost of a long incline 
through old workings may also justify an opening of this kind. Red Jacket shaft, of 
Calumet & Hecla Co, is an e.xample of a vert shaft used as an auxiliary opening with 
aimilar purpose. It saved about 2 100 ft hoisting distance, and maintenance coat of a 
6 400-ft inclined shaft. 


Ksopeaiag an abandoned mine on an inclined deposit, the upi>cr parte of which are worked 
out, preeente a similar problem. Choice is between vert, turned-vert, and inclined shaft, and is 
guided primarily by depth to virgin ground and dip of deposit. Mt Lyon mine, N Y, is an example 
■bowing the numerous far-'urs to be considered. Orebody is a mineralised sone 100 to 200 ft thick, 
containing a concentrati.m of magnetite at or near upper border; workable width 24 tc 40 ft; 
aver dip, 60° to 65°; country rock, very hard gneiss. Mine was worked out to depth of 700 to 
900 ft vert. In 1914, it was decided to reopen with an inclined footwall shaft (dip 63”), 25 to 60 ft 
below deposit Proposed depth of shaft, 1 200 ft; to be extended ultimately to 1 800 or 2 400 ft. 
Reasons for choice were: high coot of crosscuts and ore pockets for a vert shaft, because of the very 
tough rock; cheaper and faster sinking in the lean mineralised footwall sone; freedom of footwall 
location from eubsidenee due to mining operations; a vert abaft to develop territory below the old 
mine would be 100 ft lower than, and 1 000 ft distant from, present oonoentrating miU, while indiiMd 
■haft would deliver ore dl-eot to mill (74). 
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HapdUnc ore underground. To eeoure economical handling, haulage drifts and orosa- 
euta should be atrught or change direction by easy curves, and should be driven on regular 
grade. Importance of these points vanes with size and output of mine and method of 
haulage. Following are extreme cases: 

(a) In mining narrow veins, as those in Gilpin Co, Colo, the tonnage per shift from any 
level is small; tramming is done by hand, and drifts properly follow the ore with little 
regard to straightness, (b) At Crown Mines. Ltd, Rand, a main haulage level, 14.5 ft 
wide and extending full length of property (about 3 miles), connects 2 shafts at a vert 
depth of 2 200 ft. This drift is strai^t and lies in footwall. It was designed for elec 
haulage to handle 9 000-10 000 tons per day. Other main haulageways are to be driven 
as reqtiired at vert intervals of 600 ft. There are also the regular drifts in the reef. 

Haulage problems, especially in flat orebodies, influence location of openings. If the 
shaft or other opening enters orebody at its lowest point, all grades in the haulageways 
will be in favor of loaded cars. A location favorable for lateral haulage is also favorable 
for drainage, and vice versa. Methods of handling in stopes, dip of orebody, and plans 
of development are also interrelated (Art 19). 

Drainage. In some cases, devolopment work con be planned to reduce pumping costs 
(see Tunnel entry,'Art 14, 15). Drainage also makes it desirable to locate shaft or other 
openings to tap the lowest point of flat-dipping or basin-shaped orebodies; lateral work¬ 
ings then drain toward shaft and auxiliary sumps and pumps are unnecessary. One 
function of lateral development is to drain overlying ore. In soft, wet orebodies, like 
some Michigan iron deposits, this influences amount of development done in advance 
of mining. New levels are opened in time to let the ore drain before extraction begins. 
This also tends to regulate flow of water and make pumping operations fairly uniform (76). 

Ventilation may require that ail development openings lie run in duplicate. This is 
done in collieries, and allows complete control of ventilating currents (Sec 14). In metal 
mines using little timber, or in very wet mines, proper ventilation may mean a mere supply 
of fresh air to remove foul air and powder fumes. Then ventilation is often obtained by 
arranging openings to cause natural draft. In relatively dry mines using much timber, 
the danger of mine Arcs demands close control of air (.nirrents; usually secured by fan 
installation, systematic layout of openings, and proper placing of doors. Development 
headings are often ventilated by auxiliary fans, with metal or canvas tubing carried to 
the working face (Sec 14). 

17. NUMBER OF C»>ENINGS 


Determining factors. VENTitATiON and safety demand at least 2 openings to 
surface; they are required by law in many districts. In metal mines, stopes reaching the 
outcrop often afford an adequate second opening; in collieries, rigid ventilation require¬ 
ments compel at least 2 openings. Other conditions to be considered: (a) Required 
OUTPUT may be in excess of capacity of a single shaft; this is unusual at ordinary depths, 
as a shaft can be designed to handle large tonnages. In deep shafts, the time required to 
get men on and off shift through a single shaft is serious; this, together with time for 
handling timber and supplies, greatly reduces ore-handling capacity, (b) Separat* 
OREBODIES may require separate shafts; depending on their size, distance apart, depth 
below surface, and surface conditions. Separate shafts 


are sunk to effect a saving over cost of entry from, 
and handling through, another shaft farther away. 
This is a matter of estimate in each case; size of 
orebody concerned must be sufficient to return ex¬ 
cess cost of separate shaft out of the saving effected. 
Goat of shaft sinking increases with depth, that of 
drifts and crosscuts does not; hence, increasing 



Fig 117 


depth should reduce the number of shafts and in- • 

crease the area served by each. Topographic or other conditions affecting surface 
transport may prohibit separate openings; conversely, they may show a saving in 
surface over underground transport which alone will justify a separate shaft. Above 
statements apply also to veins in which several oreshoots occur, separated by wide 
barren or low-grade areas. At a large group of lead mines in S £ Mo, formerly producing 
through 21 shafts, workings have been connected underground and entire output is now 
hoisted in 1 shaft near mill (155). H. C. Hoover points out that if cost per ft of shaft 
oinking is 4 times that of drifting, 4 levels through 1 000 ft of barren vein cost no more 
than 1 riiaft 1 000 ft deep (20). (e) Method of underground haulaob. Fig 117 is a 

diagrammatie’ section in plane of an inclined vein in a property of considerable length. 
If ore occurs scattered throughout whole vein, question arises whether it is better to rink 
1 central shaft A, or 2 shafts B and C, placed at quarter points, or several shafts. This ia 
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dotennined largely by inethod of haulage on levels. Coat of band tramming per ton 
increases rapidly with distance; there is a limiting length of tram beyond which a new i^ft 
will save its cost; economic limits for animal and mechanical haulage are higher. Tonnage 
produced per shift on 1 level afTects method of haulage (Sec 11). Where small, it may be 
possible to install mechanical haulage on every second or third levd, ore from levels above 
being transferred to the haulage level through winses at distances apart which are within 
the economic limit of hand tramming. 

Michigan copper mines are illustrations of properties covering long distances along 
the strike of persistent lodes (Fig 116). Hand tramming was formerly universal, and a 
shaft was sunk about every 1 000 ft along strike. There are instances of 2 shafts 600 ft 
apart reaching depths of over 3 000 ft. Later shafts were farther apart; aver distance 
for the district in 1912, 1 600 ft. A.t Quincy mine, with elec haulage, aver tram is 1 800 ft. 

Outcrop mines on the Rand. W'here length of property along strike was less than 1600 
or 2 000 ft, only 1 main working shaft was sunk; on longer properties 2 shafts were deemed 
necessary to facilitate development and for ventilation (25). Transvaal law requires 2 
exits. Shafts in first row of deep-level properties are as close as 1 000 ft, but usually 
2 000 ft apart. Nearly all tramming is by hand, but lalxir is cheap. Many deep-level 
properties, have Ixsen consolidated and cover largo areas (400 to 900 claims of 1.4 acres 
each); where iMissiblo, in such cas(>s, distance between shafts is 3 000 to 4 000 ft (78). 
Occasionally, where ennnection eould be made with adjoining pru[)erty, largo areas were 
opened by 1 deep shaft. Mechanical haulage concentrated on a few levels has lieen intro¬ 
duced as area controlled by one shaft is imireasod (Art 16). Brakpun mine, East Band, 
illustrates the application of the same principles to a flat orebody of large area; property 
is 6 000 by 14 000 ft; reef dips only 7°. Two shafts were sunk 4 400 ft apart in direction 
of dip; No 1 cuts reef at 3 098 ft; No 2, at 3 707 ft. They are connected at bottom by 
an incline 4 600 ft long on dip of reef, from which levels are opened (79). 

From standpoint of undkkorol’N’d hai'laok, ideal location for a single shaft is one 
givniig minimum nvor tramming distance. It is obviously impoasible to det(‘rmine exactly 
such location in advance. In massive orebodies like porphyry coppers, the tonnage and 
shape of which art* determined by btiring in advance of dev^elopment, gathering points 
on each haulage level can be found to which ore can be brought with minimum aver 
tram, taking into account the required latcial development; the nearest feasible location 
of shaft to these points gives shortp.st aver tram. 


18. LOCATION OF OPENINGS 


Underground conditions affecting location of openings with respect to dip and strike 
of deposit, and from standpoints of geology, maintenance, haulage, drainage, and venti¬ 
lation, are discussed in Art ]<5-17, 19. Shafts for massive deposits, especially those mined 
by caving methods (Art 70-88), should lie located beyond the possible limit of ground 
movement around the orebody. 

Surface conditions. roeounAPiiv alTects location of openings. Sites for necessary 
buildings must be available; shaft and tunnel locations are often planned with reference 
to a mill; permanent mine openings should avoid gulchc.s or places whore flooding would 
result from cloud-bursts; in mountain regions, the location must be planned with reference 
to possible slides of rock or snow. 

Topography is also related to questions of simPACB tbanspobt. Lowest location 
possible for mouth of a Uinucl is desirable, as it gives the highest backs of ore above 
tunnel level; it is often deti'rmined by position of a 11 R for shipping ore, or by topographic 
conditions affecting position of a sjmr track to be built from an existing road. A shaft 
location must also be planned with reference to exi.sting or proposed II Rs, wagon roads, 
or other means of transport; this concerns handling supplies to the mine as well as ore 


from it. Pbopbrty ur^Es and their rehition to outcrops may affect location of entry 
(Art 16, Deep mines). In combination with topography, they may limit dump room below 
a proposed opening and modify its location. 

In generd, ore and waste should be delivered from a mine opening at a point high 
enough above the surfa'-e to allow gravity transfer to surface transport. Such elevation 
may be obtained artificially, or position of entry planned to secure it in connection With 


typography. 


Ideal location is not possible; a compromise is always necessary. 


19. LATERAL DEVELOPMENT 

Interval between levels in inclined orebodies varies from 60 to 300 ft; commonest 
interval, largely the result of custom, is 100-160 ft, but practice tends towards greater 
distanc.eB where feamble. 
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Factors Hmitiiig distance between levels: Cost. Drifting is nabbow 'wobx, cost' 
ing more per cu ft tiion stoping; each drift requires timbering, traok, pipe, and ditches, 
which must be maintained during life of stopes above. Cost olf shaft stations, and plats 
or bins, can be reduced by conc«itrating haulage on alternate or third leVels. Possibililar 
of using electric-driven primary breakers underground, together with improvements in 
manhaninal haulage, has increased tendency to concentrate haulage on one or a few levels, 
especially where large blocks can be broken and handled from stopes. From stand- 
pmnt of first cost, a long interval between levels is desirable. Typb of orbbodt. High- 
grade, spotted or pockety mines require levels to be close together to avoid missing ore- 
bodies; a wide interval in such cases also adds to cost of reaching and extracting scattered 
jKMskets. ScFFORT OF hanqinq WALL. Levels sometimes form one side of pillars left to 
support roof; allowable area of unsupported hanging wall then limits level interval, 
unless some form of filled stoping is practicable. Sfbbo of btopino and character of 
ground are related factors; level interval should be such that stopes are completed and 
abandoned within the time that they can be kept open without undue maintenance cost. 
Thus, at Leonard mine, Butte, Mont, a 200-ft interval in vert, filled, square-set stopes 
increased cost and decreased apee<l of mining in the upper 100-ft lift to an extent which 
warranted driving intermediate levels at 100-ft intervals (SO). Method of uinino. A 
retreating system, where stopes arc started at property lines and alwndoned as they are 
carried back toward entry, may allow a larger level interval than an advancing system. 
Cost of maintenance of levels tiiemselvos generally increases with the time they are kept 
open. This is again related to speed of stoping and method of mining, and may determine 
the max interval. In small-scale work, on a short, high-grade oreshoot, the time required 
to stope one lift determines time available for sinking and drifting through the shoot on 
next level, and consequently determines level interval; such conditions arise in leasing. 
Dip of orebodt, if over 40® to 45°, allows broken ore to fall by gravity to level below; 
if less than 10®, cars can generally lie run to working faces. In these two cases, the dip 
does not limit max level interval. On intermediate dips, if ore is shoveled to drift, the level 
interval should be small; for economic limits of distance with other handling devices in 
flat stopes, see Art 91 and Sec 27. Heoitlarity of deposit influences handling methods 
and therefore the level interval; an irregular footwall increases the limiting angle on which 
ore slides and always requires some shoveling. Badly faulted deposits require levels placed 
to reach displaced blocks regardless of other factors; such conditions at Golden Messenger 
mine, York, Mont, were overcome by nmnerous, short sub-levels connected by raises to 
main levels 250 ft apart, on dip (69). 

Economic level interval in any mine is a matter of experiment. The deeper levels'are 
usually spaced farther apart than the upper, because early work determines the mining 
factors, and reduces the exploratory function of these openings. On the Rand, the level 
interval in some properties has been increased to a startling extent. At Modderfontein B 
mine, ore is developed in blocks 800 by 1 000 ft; at New Modderfontein, level interval is 
500 to 600 ft, with footwall main haulage drifts 1 700 to 2 000 ft apart; at Brakpan mine, 
level interval varies from 300 to 1 200 ft. This practice, due to an attempt to cut down 
development cost, has not been uniformly successful. It is made possible in those mines 
by: (a) very flat dips (7° to 10®), allowing cars to run to stope faces; (b) regularity of 
vein; (c) knowledge of reef characteristics, resulting in confidence in the continuance of 
value and sise over large areas (75, 79, 81, 82). At Magma, Anz, a nearly vert vein was 
developed at 100-ft intervals to 2 000 ft; next 2 intervals were 250 and 300 ft. On failure 
to realize expected economies, due to difficulties with ventilation, handling timber, and 
maintaining chutes, subsequent intervals were 200 ft, and the larger intervals were each 
subdivided by an intermediate drift (77). 

Raises and winzes. For following indications or exposures of ore up or down from a 
level, the location of raises and winzes depends entirely on ore occurrence. To determine 
outline and value of shoots, raises are often made at fiflrly regular intervals. For this 
purpose the interval should not exceed that over which ore may be expected to persist 
without material change in thickness, character, and tenor. 

Closer spacing than the level interval is not justified; max distance. 100 to 600 ft or 
more (see Modderfontein B mine, above), depends on experience with a given orebody. 
In connection with method of mining, raises and winzes provide entrance to stopes; 
serve for handling ore, waste for filling, and supplies; stoping usually starts from them. 
For these purposes, their location varies greatiy (see individual mining methods). In 
veins where ore occurrence is regular, the output required, combined with distance to 
which development has been carried in advance of stoping, may determine the raise inter¬ 
val. Each stope has a limited tonnage possibility; number of stopes that can be opened 
■imultaneoualy depends on available points of attack and extent of development. Regard¬ 
ing West Australia fraoticb, £. D. Cleland states that, when development is consid- 
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erably in advance of ora requirements, the vinses (or raises) in lowest level may be 300 to 
fiOO ft apart, and are stink merely as a giiide to future stoping. In upper levds wh^e 
stoping IS in progress, or about to begin, the raise or winze interval must be 125 to 150 ft. 
This holds for veins having fairly regular ore occurrence; where ore is irregular, no figures 
can bo given (83). S. J. Trustsott (30) states tliat in deop-level Ranp mines, where develop¬ 
ment is kept well ahead of stoping, winzes are 400 to 500 ft apart; throughout the district, 
the interval is from 200 to 500 ft. Up to the limit fixed by loss of interest on money 
spent in advance development, the smaller the niunber of winzes (that is, the greater the 
interval between them), the less the cost of development. 

Ventilation. Connections between levels are essential w'here natural ventilation 
(Sec 14) is relied upon. Raises for stoping usually suffice for ventilation; ventilation 
requirements may control their location. For Qxamplc, delays while waiting for smoke to 
clear after- blasting limit speed and increase cost of drifting; w'ith natural ventilation, 
delays increase with length of drift beyond a raise holed to level above. On important 
work, blowers are used, and make the raise interval indei>endciit of ventilation; but, with 
natural ventilation, there is an economic limit beyond which either increased cost or slow¬ 
ness of drifting makes a new raise advisable. This limit, controlled largely by local factors 
and policy, is 250 to 500 ft or more. Mechanical ventilation in metal mines is increasing, 
especially in largo or deep mines. Experience proves that its expense is justified by 
increased effic of labor and operations (Sec 14), 


20. DRIFTING AND CROSSCUTTING 

Sec 6 gives data on choice of drills, mouiiting.», and explosivo-s; comparison of 1-, 2-, 
and 3-shift work; methods of oh.argirig and firing; mucking; driving through soft ground. 

Mine drifts and crosscuts differ from tunnels a.s follows: (n) usually of smaller cross-sec; 
(6) less emphasis laid on precise alinenicnt and shape of sec; (c) in breaking ground, 
advantage may be taken of relative softness of orcbodies and adjacent rocks, of planes of 
weakness due to banding, slips, or well marked walls; (d) tunnels are usually more perma¬ 
nent than drifts and crosscuts, and hence may require more elabo¬ 
rate timbering; (c) sonic tunnels U'ar imtire cost of installing and 
operating the plant for drilling, ventilation and transport; for 
drifts and ciosscuts, such overhead is usxially distributed over 
many openings. 

Shape of cross-section of crossct'ts is same as that of tun¬ 
nels fSecG). UN'riMBEHKD URtFTH aiid crosscuts should have an 
arched back, which tends toward self-suiiport and reduces sub¬ 
sequent spalling. Inipoitauce of arched shape is less in strong 
rock and tiairow openings; in flat-<lipping or bedded deposits 
the hanging wall often forms the back of drift and gives no 
trouble if not broken into (Fig 118). Shape of timbuked dhiptb 
varies with irregularities of ore occurrence and method of mining 
(Fig 141-147; see also Art 30 42). 

Size of cross-section for typical drift sand crosscuts is given in Table 18. It depends 
on following factors; (a) In exploration (Art 12), cross-sec is made small; this lessens 
cost, largely by reducing amount of muck to be handled. Smallest section advisable is 
6 to 6.5 ft high by 3.5 to 4 ft wide. SmaUer openings rarely effect a saving, because 
cramped space reduces efficiency of labor. (5) Size of car determines minimum width 
of development drifts and crosscuts (see Sec 11, Art 3, 4, 6); small cars for hand trommmg, 
24 to 28 in. wide and holding 1 600 to 2 000 lb, require a minimum clear width of 4 to 4.5 
ft for single track, and 7.75 ft for double. For larger cars, cross-sec of opening is designed 
to fit. Clearance between sides of c;ar and posts of drift sets is usually 12 in minimum; 
this gives 18 to 24 in between car and lagging, or room enough for a man to stand without 
being caught. For safety in untimbered openings, at least 24 in should be left between 
car and wall on one side J drift; clearance on other side may be only 4 to 6 in. Minbnum 
clearance between cars ou double-track is 6 to 8 iu. Larger clearances are always desivable, 
especially for high speed and heavy cars, (c) Method of loadino. Shoveiers need a 
total width of about 7 ft to wo,'k on both sides of a small car at face of a drift. Some 
mechanical loaders (Sec 27) will work in an opening 6 by 4.5 ft in clear; many require 
more room, (d) Drainaoe ditches for handling large amounts of water may increase 
wid^ of drift or crosscut beyond that required by car. (e) Requirements for ventilation 
(Sec 14) may determine minimum size of opening. (/) In veins to 8 or 10 ft wide, drifts 
in oreshoots are often carried full width of vein, thus reducing cost per ton of ore obtained. 



Fig 118 
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(g) Hbiobt or DBirre and croMcuts is a nyatter of headroom; 6.fi ft clear is the tninimiiTn. 
Height of iroUey wire above rul in haulageways is fixed by statute in some states. 

Drifting and crosscutting by hand drilling is done in connection with exploratory 
work (Art 12) in small mines, where expense for plant is not justified, and in districts 
where skilled labor is not available for running machine drills. Drill holes are not spaced 
systematically, but placed to take advantage of all irregularities in the face. Drilling is 
done double-hand in hard ground and single-hand in aver ground; hand auger is cheapest 
and best for soft ground containing few hard streaks, and in coal. 

In small drifts, 7 to 12 holes, 2 to 2.5 ft deep, are necessary to advance face 1.5 to 2 ft. These 
figures vary widely with hardness and toughueu of rock; in aver ground an advance of 0.7 to 1 ft 
per shift in a l-mon drift or crosscut U good work. 

Examplea. At Bonn, Cal, 1 miner drilling single-hand in 5 by 7-ft drifts and oromcuts, width 
of veins 3 to 30 in, vein rock varying from hard banded to soft granular quarts, country rook firm, 
fairly hard andesite, advanced 1.304 ft in drifts and 1.187 ft in crosscuts per 8-hr shift (84). At 
Bbyoutb, Nev, 1 miner drilling single-hand in drifte 4.6 by 6.5 or 7 ft, in fairly soft mineralised 
porphyry, made 0.5 to 3 ft per 8-hr shift, aver 1 ft (traoldaying, mucking, and tramming was done 
by other men). Following data apply to a tunnel driven by band in Aniz (1013): croee-eec, 5 by 
7 ft: length, 374.5 ft; aver tram to dump, 875 ft;-rock, fairly soft porphyry; no timber required; 
S-shift contract work by Mexican labor, 1 miner and 1 helper on each shift doing drilling, blMting, 
mucking, and tramming. Tunnel was completed in 600 man-shifts in 91 days. Aver advance 
per man-shift, 0.76 ft, varying from 0.350 to 0.852 ft; aver progress per day, 4.12 ft; explosives con¬ 
sumption, 2.32 lb of 40% dynamite per ft of advance. 

Table 15 gives data for Mexican labor (1010). Daily advance (3 shifts) was fair, but progress 
per man-shift low. Ventilation was poor in timbered drifts No 3 and 4. Dynamite oonsiunption 
waa low, due to oharacter of rock and sise of oross-sec. 


Table 16. Drifting and Croascutting, Esperanza Mine, El Oro, Max, 1910 (85) 




Width, ft 

Height, ft 

Kind of 
ground 

Distance 
driven, ft 

Aver daily 
advance, ft 

Lb 60% 
dynamite 

Labor per ft 

Aver advance 

Per 

linft 

Per 
eu ft 

Minw 

shifts 

Peon 

shifts 

Per 

man-shift, 
lin ft 

Per 

man-br, 

GU ft 

1 

Crosscut.. 

5 

n 

(a) 

496 

2.51 

1.34 


3.2 

0.14 

0.3 

1.31 

2 

Crosscut.. 

5 

n 

(6) 

829 

2.47 

2.07 


3.3 

0.567 

0.26 

1.14 

3 

Drift. 

7 

8 

(c) 

66 

2.18 

1.09 






4 

Drift. 

5 

7 

(d) 

635 

2.21 

3 06 

IjP 

3.35 

0.62- 

0.25 

1.09 

5 

Drift. 

5 

7 

(e) 

793 

2.22 

3.35 

MtVi 7S 





6 

Drift. 

5 

7 

<b) 

143 

2.58 

0.43 

0 012 






(a) Fairly hard andesite, (b) Friable quarts (e) Soft swelling andesite, (d) Moderately 
hard ehale. (e) Hard, tight andesite. 


A. L. Oke gives following data on hand work by native labor at mines in Mexico and Argentine 
(86): Mxxicam Hinn; double-hand drilling; 7/8 and S/s-in steel; long handled, 8-lb hammers; 
Mexican dynamite, 40% and 60%, depending on ground; dry, hot, poorly ventilated mine; aver 
ground tough, rather than hard; fairly clean hanging wall to break to; 8-br shifts. Aver progreas 
per man-shift in softer drifts, 0.70 to 0.91 ft; in hard ground, 0.31 ft. Max advance in drifting in 
a week of 11 shifts, 3 men on day and 2 men on night sliift, 32 ft. Men drilled about 0 ft of boles 
per shift in soft ground; 3 to 3.5 ft in hard ground. Abqbntinb mine; single-band drilling; 
7/g-in steel; short-handle hammers, 6 to 8 lb; English gelignite and gelatin; dry, cool mine, poor 
ventilation, rock andeeite and granite; shifts 8-10 hr. Aver^ progress per man-shift in drifts and 
erossouts in soft ground, 0.91-1.22 ft; in hard ground, 0.37 to 0.55 ft. Usual advance in drifts, 
2 shifts, 1 man on each, excluding Sundays, was 50-60 ft per month in softer ground; 20-30 ft in 
hwd ground. Men drilled about 10 ft of hole per shift in soft ground; 5-6.76 in bard ground. 

G. L. Schmuts in 1920 (523) compares powder consumption at a Mexican mine, jn hand and 
machine drilled drifts, as follows (figuies in lb per ft advance). Hand: min 3.0, aver 4.5, max 7.0. 
Machine: min 5.0, aver 8.0, max 14.0. By more careful control of powder, aver waa out to 3.61 
and 7.39 respectively. 

Table 16 shows how hand work economises powder by skilful but unsystematio placing of holsB, 
an SMivantage offset, however, by slower speed per man-shift (492). Machine drilling waa by light, 
mounted drifters; hand drilling all 1-man work, in slightly softer ground. Machine drifts, 4.5 by 
6.6 ft, 10% timbered; machine raises, 5 by 5, or 6 by 10 ft. Hand drifts, 4 by 6 ft; raises, 5 by 5 ft. 
Two expert band-drillers on opposite shifts in a drift averaged 1.2 ft advance per shift each, tram¬ 
ming 600 ft. 

R. B. Dickson records'(56) hand driving of 60 ft of 3.5 by 6.5-ft drift in a fairly soft vein at high 
elev in San Juan district, Colo. Round of 10 15.8-in holes was drilled at S3 in per shfft; aver 
advance, 0.682 ft per man-shift (about 20% of time being otherwise occupied); explosive (40% 
gelatin), 4.21 Ib per ft advance. 

C. L. Larson gives data (in 1914) from Cbiksan mines, Kobba (87); Drifts 5 by 7 ft, in quarts 
veins; 3 shifts, 4 men (Koreans) per sliift, double-hand drilling. From 4 to 7 ft of hole is drilled 
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p«r inan'*«bift. Two lO-lw aliifta give ckeapw work, bot jaaa apood. Monthly advance, from 80 ft 
in bard to 70 ft in good i^iuid. Dynamite consnn^ioB (geiigiiite, 00%), 3 to 2.5 lb per linear ft. 
Coat per ft, excluding boiating, about #3,40, of whi^ 00.10 ia for timbering, Croaa-euta, 4 by 0 ft, 

are untimbered; 2-ohift work of 2 men 
each; in aoft schiat, dynamite oonaumption 
woa about 2.2 lb per linear ft; in hard 
Bchiat and graidte, about 4.8 lb; coat per 
linear ft in aoft ground, $2.07; in hard 
ground, $4.14. Wagea: hand drillera, $0.25; 
muckera and tramniera, $0.20 per ahift. 

Practice in drifting in Msbabi ibom 
IHNKH, Minn, iliuatrates apeed obtainable 
with HAND AuasB DBiu, in aoft hematite. 
C. E. van Barneveld (35) givee following 
data (in 1912). Work waa on oontraot; two 
10-hr shifts; 2 men on each shift. Men did 
their own timbering, track-laying, and local 
tramming to distaneea of 300 ft. Drilling 
was done with hand augers, 3.5, 4, 0, and 
8 ft long; hard streaks were broken up by 
3 and 6-ft gads, of 1.25-in drill steel. Main 
drifts were 0 ft wide by 8 ft, inside timbera 
of uufraraed S-pieoe sets. A round con¬ 
sisted of 5 to 7 6-ft holes. A 6-ft hole was 
drilled in 10 to 30 min; back holes were 
loaded with 7 to 10 stieka 40% dynamite, 
lifters with 6 sticks. Upper holes were 
fired and mucked first. This reduced pow¬ 
der cost, but entailed delays, twice a round, 
for smoke to clear; where ventilation was 
poor, entire round was fired at once. Aver monthly progress, 100 to 125 ft. Rate of advance in 
smaller drifts was from 200 to 225 ft per mouth on a 4-man contract. Progress in hand-driven 
rook drifts, 25 to 40 ft tier month. 

Mnchine drills. In this and other articles, terms are used as follows: Dbiftbbs, 
hammer drills attached to cradle, mounted on bar or column, usually run wet; rotation, 
automatic; feed, either automatic or by hand. Piston-dbills are now virtually obsolete. 
Jackhammebs, light, hand-held hammer-drills, but often mounted for drifts or crosscuts 
in soft to medium ground. Stopers are of hammer typo, with an air-operated feed leg; 
some types automatically rotated; others, hand-rotated; usually unmounted; occasionally 
mounted by attaching air-feed cylinder to column or bar (Sec 15). 

Machine-drUl rounds. The term round means location, direction, depth, and number 
of holes for breaking a given face of ore or rock. Bounds for development openings are 
classified according to type of “cut.” Term cut refers to location and direction of holes 
blasted first to provide a free face (Art 26) to which other holes may break. Drift and 
crosscut rounds are draw-cut, inverted or top draw-cut, vert V-cut, uoriz V-out, 
PTBAMiD-cuT, and BURNED CUT, with various combinations and variations. 

Data in Table 18, generously contributed by managements and engineering depts of 
mines listed, show the effect of character of ground and size of cross-sec on number and 
arrangement of holes, type of drill, powder consumption, and duty of labor. They cover 
present practice (1938) in important districts of U S, Canada, and Cuba, and include 
examples in Mexico. Of the 79 examples, 13 are draw-cut rounds, 2 inverted draw-cuts, 
11 vert V-cuts, 7 horiz V-cuts, 20 pyramid cuts, 11 burned cuts, 5 of which combine a 
burned cut with a very acute pyramid, 1 uses no cut, 1 has no system, and 1 uses both 
draw and burned cuts. Hardness of rock does not seem a controlling factor in choice of 
cut, since all types are found in hard, medium, and soft rocks. Theoretically, the angle 
of wedge or pyramid should increase in proportion to toughness of rock; but it has been 
found that a burned cut is better adapt^ than any form of angled cut to certain tough 
rocks. No definite rules can be laid down as to type of round, number of holes and dep^ 
of round; choice is determined by experience (also see Table 17). 

Fig 120-137 show some rounds to which Table 18 refers. Numbers at holes indicate 
firing sequence. 

Potafing holes is of prime importance. Successful breaking requires locating charges 
at most efficient points in face. Much experimental work has been done at individual 
mines to detes-mine best practice under varying conditions (89,519, 620, 531, 536). Table 17 
gives data for spacing and pointing holes. 

Vote.—Use of table. Ex 1. Round 7 ft deep, dietanoe between ooUara of 2 out holes 48 in; 
In table on 7-ft line find 24 in (0.5 epaeing) in 16* column, indicating that 2 holes will intexaect if 
drilled toward each other at thia angle; table alao shows that holes will each be 7 ft 3 in deep at point 


Ttble 16. Hand vf Uachtne Development, 
QoeeU, IfM 


Period of 6 mo in 1930 

Machine 

work 

Hand 

work 

Footage of drifts. 

2 602 

959 

" “ raises. 

475 

477 

Coat per ft: 



Drilling, labor only. 

$1.00 

$3.20 

Mucking and tramming. 

1.75 

1.60 

Timbering, labor and material.. 

.30 

.30 

Explosives (40% gelatin). 

1.25 

0 70 

Track. 

.30 

.15 

Steel sharpening. 

.33 

.23 

Pipe, drill repair, hose, oil. 

.63 

• • • 

Comp air, labor and material. 

.97 

.... 

Supervision. 

.28 

.28 

Total direct cost. 

$6.81 

$6.46 

Interest and deprec on eonipres- 



eor and drills. 

.60 

.... 


$7.41 

$6 46 
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of intmaotion. BSx 2. It ia deaind to bottom a 6-ft iiftw 4 ia bdow bottom of drift, oidlar of holo 
beinc 6 in above bottom: opporite 6 ft to. table find 10 inohee under 8*, wbioll ie the required angle 
for lifter. 


Table 17. Diifdaoement and Length of Drill Holea. After C. H. Waters (519) 


Angle between axis of hole and normal to face' 


oS 


ti 

a 


a 

8 “ 

10 

D 

12 

B 

14 

P 

16 

0 

18 

O 

20 

P 

22 

O 

24 

O 

26 

P 

28 

• 

30* 


Inches between collar of bole and projection of its bottom on the faoe (a) 

3 

1 

2 

4 

5 

6 

1 

8 

1 

Q 

Ej 

to 


12 


13 


14 


16 

4 

18 

4 

19 

8 

21 

• 

4 

2 

3 

5 

7 

9 

1 

10 

1 


E 

14 


16 


18 


EH 


22 

8 

24 

8 

25 

8 

28 

• 

5 

2 

4 

6 

9 

II 


13 

E 


E 

17 




22 


24 


27 

6 

29 

7 

32 

8 

35 

10 

6 

3 

5 

.8 


13 

1 

15 


18 


21 




26 


29 


32 

7 

35 

8 

38 

IE 

42 

11 

7 

3 

6 

9 

12 

15 

D 

16 

a 

21 


24 


27 


31 


34 


37 

8 

41 


45 

11 

48 

If 

8 

4 

7 


13 

17 


21 


24 


27 


31 


35 


39 


43 

8 

47 

11 

St 

18 

55 

11 

9 

4 

8 

II 

15 

19 

8 

23 


4? 


31 


35 


39 


44 


48 

10 

53 

IS 

57 

14 

62 

17 

10 

4 

9 

12 

17 1 

21 

t 

25 


EH 


34 


39 


44 


48 


54 

11 

59 

14 

64 

16 

69 

19 

11 

5 

■n 

14 

19 1 

24 

8 

28 


33 


38 


43 


48 


S3 

EE 

59 

18 

64 

18 

rTM 

17 

76 

80 

12 

5 

n 

IS 


26 

8 

31 


36 


41 

6 

47 


52 


58 

11 

64 

14 

71 

18 

77 

19 

82 

88 


(o) Numbers in bold-face type indicate distance in inches which, when added to depth of round, 
gives length at hole required to reach that depth. 


Hole directors, as used in 7 by 8-ft drift headings by Crown Mines, Witwatersrand, 
have improved speed and effic, and reduced cost; during a teat period of 20 mo, with 
6-ft holes in headings of same sise, aver advance in 403 “ directed " rounds was 4 ft-11.5 in. 



against 3.5 ft per round in undirected headings (39). Customary pyramid-cut round of 
20-24 holes requires a set of 3 directors (of which 2 are shown in Fig 110), with radial 
lengths of 24, 32, 44 in. Supporting ends of the Y-s form open saddles, the axes of which 
are permanently fixed (by welding) at such angles with horiz axis of drift as experiment 
shows most effective. The 60-lb mounted jackhammer i» alined in a saddle by aid of a 
short piece of drill steel, or the starting bit. After clamping the drill, the " director ” is 
swung aside, revolving on the 1-in axial bar previously secured by arm and clamps on the 
vert column and a shallow hole at center of face. 

Drill mountingB. Table 18 contains 57 examples of drifts or crosscuts drilled from a 
vert column, as against 7 cross-bars, 2 tripods, 5 drill carriages, and 8 unmounted drills. 
With a COLUMN, work is almost always arranged so that drillers have a clean face for 
starting. The examples of cross-bars, except one, are where speed is sought through 
simultaneous drilling and mechanical loading. Uppers are drilled from a bar set above 
muck pile, while the loader cleans bottom of face. On completing mucking, bar is re-set 
for the lower holea. By this procedure, Lloyd mine, Ishpeming, Mich, advances a 10 by 
10-ft drift with a pyramid cut through cherty slate at 375 ft per month, working 3 shifts 
5 days per week. Cabbuoes, mounting 4-6 drifters (generally automatically fed) and 














































Table 18. Data on Drifting and Croaacutting Praetice, as of 1988 

(Unless otberirise desiguated d or c, data rdate to both drifts and QrosscuU 
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Table 18. Data on Driftiag and Crosscutting Practice, as of 1938—(Continued) 

(Unless otherwise designated d or e, data relate to both drifts and crosscuts) 
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used in conjunction with scraper loading, tend to rapid work in large headings in Lake 
Superior iron district; one mine advances a 9 by 11-ft drift 500 ft per month throui^ 

quartsite, completing a 7-ft rcnuid per shift on a 

J Biate ^ 7-day week, 3-shift basis. At 2 mines near Bir- 

mingham, Ala, in drifts 14 and 20 ft wide and 10 and 
M 14 ft high, respectively, drills are mounted on tbx- 

jf ^ ^ PODS on top of muck pile, working at one side while 

9 O O O ^ scraper cleans the other. Uiuuounted JAOxnAUMBaa 

a I are employed in both large and small headings in 

a<- loi -> ^ medium-soft schist at Inspiration, Aris; occasionally 

9 ^ in the softer ground at Ruth, Nev, using bottom- 

Ja g « g I draw cuts in both; also in sub-levels through 

^ O O O I medium-tight hematite at Montreal mine, Wis, 

9 , i with V-cuts. Oliver Iron Mining Co uses un> 



mounted jackhammers in headings at 3 of its soft-ore mines (Table 18); at Godfrey mine. 
Bibbing, a 10 by 10-ft drift is advanced 6.3 ft per round without use of angled cut holes. 

An unusual mounting sometimes used in 7 by 6-ft headings at Vipond mine, Ontario, 
when siieed requires 2 rounds per day, consists of a horis bar set 3 ft below roof of drift 
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(or juBt above mock pile), with a short vert column supported by clamp at middle of bar 
and braced against roof; driil is carried by cross-arm on the column. Upper holes can 



and Quarts. 


Pwamid Cut in H<ird Schist 
cintyre Mine, Rcbumaober, 
Ont 


Hg 133. Pyramid Cut in Breceiated Por¬ 
phyry. La Colorada Mine, Cananea, M« 


thus be drilled during mucking, on completing which, the vert column is swung down and 
braced against floor for drilling lower holes. Runner, helper, and 2 muckers advance 
6 ft per shift with a 20-hole round, pyramid-cut (493). 
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Cholee of dr&U for driftinc ud crooocutttnf. Dbiftkbs are oustconaiy for hard 
ground. Praetice favors the lighter. l<man drills vh^ ground can be drilled efficiently 
by them. As jackbahmbbs are lighter, cheaper, and consume lew compressed air, they 
are favored in soft ground, either mounted or hand-held; for a round of very few holm 
in soft ground, time for set-up may not justify use of mounting. Stofxbs, though not 
designed for drifting or crosscutting, are oocasionsUy useful for this work, 138 shows 
an inverted draw-cut drilled with stopers at Cripple Creek, Colo (92); except the lifters, 
all holes point upwards. In using stopers for drifting, it is necessary to support tail piece 
of drill; Fig 138 shows a simple device, consisting of a sprag, wedged across drift, 4-6 ft 
from face and 3 ft from floor, a loose piece of 2 by ■Iflrin plank furnishing a base for drill. 



Fig 134. Burned Cut in 
Tough Limestone, Balmat 
Mine, BtJmat, N Y. Holes 
average 0.6 ft deep 



Rg 136. Burned-pyra^ 
mid Cut, Creighton 
Mine, Ont 



8.5 ft deep; others, 8 ft. Center 
bole, unloaded, has 3-in diam. Holee 
fired in sequence, ss numbered, using 
fuses all of same length. Loaded 
and fired in 4 rounds: Mos 2-5, Nos 
6-0, Nos 10-14, Nos 16-26 



Fig 137. Burned Cut in Cherty Limestone. 
Junction Mine, Bis bee. Aria 


An A-frame of 2 by 10-in plank (indicated by dotted linra) forms a better support. Fig 130 
shows an inexpensive foot-plate, for setting a stoper at any angle from horis to vert; 
it is of */s-in plate, with ears turned down at corners to hold plate to a plank: to the plate 
is riveted an angle iron bent to U-shspc (94). At Butte, Mont, drifting with jackhammebs, 
leasers rested the drill in a wooden trough 6 ft long, laid against face in line with hole to 
be drilled. Drill was held to its work by a short steel lever fitting into holes in bottom of 
trough (126). Similar device for drilling low, flat holes in S £ Mo is like a narrow ladder, 
with sides at such distance apart that drill can slide on their inner edges (see Art 31); 
cross pieces on under side, 2 in wide and 2 in apart, offer leverage for end of a pinch bu* 
holding jackhammer to its work. In this easy-drilling limestone, 80-l(X) ft of hole (starting 
at 1.75 in) is aver per machine-shift. Ibe jackhammer, when used for higher holes, can 
be carried by an S-ho<jk of heavy wire hanging from the luge on end of a piece of drill steel 
of suitable length standing with its bit on the floor. 

Of the 68 DBiFTXBS listed in Table 18, 33 are hand-fed and 21 automatically fed (others 
not specified). The data are not definitely comparable, but it is noteworthy that auto¬ 
matic feed has become widespread. Drifters of medium wt are most numerous; 60 are 
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between 150 and 185 lb, as against 10 lighter and 8 heavier. The heaviest driUs in the 
list, 250 ib, are mounted: on a carriage and drill a V-eut round in a 9 by 16-ft heading in 
greenstone at Montreal mine, Wis; also used with 
column mounting in a 9 by 10-ft drift at same mine. 

Of 11 jackhammers, 3 are mounted, S unmounted. 

Hand mucking and tramming. Speed of drifting and 
ctosscutting is often more dependent on time required 
for mucking than for drilling and blasting. It is usually 
cheaper to alternate drilling and mucking crews at any 
one face, thus giving drillers a clean drift in which to 
set up, and avoiding interference between drillers and 
muckers. This is especially important if drilling is 
difficult, or a large footage required per round. 



'-■sssa 



Fig 138. Inverted Draw-cut 


Fig 


PLAN 

-^ste foi 
Drill in Drifting 


General points as to mucking in tunnels (Sec 6) apply here also, especially where speed 
is desired. Table 19 gives mucking and tramming duty. A plat of sheet iron or plank, 


Table 19. Data on Mucking and Tramming by Hand (55, 67, 106-111, 122, 522, 632) 



Location 

No 

of 

uien 

Size of 
car 

Distance 

trammed, 

ft 

Can 

per 

shift 

Length 

of 

shift, 

hr 

Tons per 
man-hr 


S £ Miesouri. 

1 

1 ton 

0 

IS 

8 

2.25 


Miami, Aris . 

1 

1 tun 

2 400 

16 


2.00 

8 

Erie Consol, Cal. 

1 

1 ton 

100 

14 


1.75 

03 

Ekrie Consol, Cal. 

1 

1 25 ton 

1 000 

10 

H 

1.57 


Erie Consol, Cal. 

2 

1.25 ton 

1 000 



1.17(d) 

E 

Cananea Consol, Mez. 

1 

16 8 cu ft 

300 

17 

MM 

1.79(c) 



2 

1.65 ton 

0 


10 

1 60 

s 


1 

18 0 cu ft 

0 



2.00 

<£e 

Pitteb’gh-Silver Peak, Nev.. 

I 

1. 1 ton 

700 

It 

8 

1.52 


Alaska-Trcadwell, Alaska . . . 

2 

28.3 cu ft 

600 



0.88(e) 


Uwarra Mine, NO. 

7 

14.4 cu ft 

275 



0. 72(e) (c) 


Park City, Utah. 

2 

. « • • . • . . 

1 000 


8 

0.60 


N J Zinc Co. N J (b). 

1 

1.07 ton 

250 

15 


1.60 

n 

Jerome, .Aris. 

2 

19 cu ft(c) 

1 500-2 035 



1.78(c) 


Mineville, NY. 

3 

1.5 ton 


13(c) 

8 

0.80(c) 



1 




4.5-5 

2.0-3.3 

i 

Liberty Bril, Colo. 

1 

33 cu ft 

200 

15(/) 

8 

3.09 



1 

16 CU ft 

0 



3.0>) 

§ 


1 

(a) 

0 


8 

2.46 

i 

Cananea Consol, Mez. 

1 

16.8 cu ft 

300 

20 

8 

2.11(c) 

S 

Ohio Copper Co, Utah. 

1 

20.6 cu ft 

too 

16 

8 

2.0S(e) 


Pittsb'gh-Silver Peak, Nev.... 

1 

2.1 ton 

1 000 

6 

8 

1.58 

1 

Alaska-Treudwell, Alaska. 

2 

28.3 cu ft 

600 

II 

8 

0.98(c) 

m 

Mich amygdaloid mine. 

1 


600 

. 

9 

1.56-1.72 

s 

Ohio Copper Co, (Lab . 

1 

20.6 cu ft 

■■niSl 

80 

8 

10.32(e) 

s 

Br Columbia Cop Co, B C.... 

1 

2. 15 ton 


31.5 

8 

8.46 

a 

Pittsb’gh-Silver Peak, Nev... 

1 

1.1 ton 

700 

45 

8 

6.19 

i 

Cananea Consol, Mez. 

1 

16.8 cu ft 

300 

40 

8 

4.22(e) 


Alsska-Treadwril, Aluka .... 

1 

21.7 ou ft 

400 

30 

mm 

4.06(e) 


Erie Consol, Cal. 

1 

1.25 ton 

1 500 

20 


3.12 


Utah Copper Co, Utah. 

2 . 

1 ton 

90 

65 

BB 

4.04 


(a) Bucket, oapac 800 lb. (c) On basis of 20 ou ft 1 ton. (d) Lower duty, probably because 
of insufficient work to keep 2 men fully occupied. («) Negro labor. (/) Bonus work, record for 2 
montba. (c) Aver for year 1S16. (A) Aver range, 2^42. Bonus for speed of advance. 
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laid on floor oloee to face before Uasting, inereaaea output per mucker-br. Data on load* 
ing and tn^ming from chutes are included for comparison and for use in estimating on 
raises (Art 21 and Sec 11). Rate of mucking is also affected by sise of pieces; observations 
by author in Colo gave following data: 

Car, 28 by 28 by 64 in; capacity, 2 600 lb; 1 man mucking small material on rough 
floor filled car at rate of 3 tons per hr; with good floor, 5-6 tons. In loading muck con¬ 
taining many big pieces, which had to be lifted into the car, 1 man loaded 4 tons per hr; 
2 men loading mixed material from rough floor and taking their time bandied 2.9 tons per 
man-hr. 2 men, 1 picking and 1 shoveling, made following rates per man-hr: in large 
and small material mixed, 2.9 tons; all big pieces, 3.2 tons; all fine muck, 3.5 tons. 

A detailed study of underground shoveling, made by Phelps Dodge Co, was described 
by G. T. Harley in 1919 (639). Shovel found best adapted to mining work is diown in 
Fig 140, the blade holding an aver of 21 lb broken ore, and having a plain welded bade. 
Harley condudes that to obtain highest shoveling effic underground, every shoveler should 
be i^ed in a particular stope or working place, directly in charge of a shoveling boss. 
This boss should have had large experience in shoveling, have learned correct shoveling 
methods, and should be able to instruct men and gain their confidence. Each man should 
be taught: (a)'necessity of using correct type of 
shovel for given work; (6) proper vray to handle a 
shovel; (c) range of usefulness of wheelbarrow 
and car; (d) advantage of using a platform to 
shovel from; when shoveling has progressed 
beyond the platform, time should bo taken to 
shift it and scrape the broken ore forward on to 
it; (e) the broken ore should be thoroughly loos¬ 
ened with a pick; effort is wasted in trjring to 
shovel packed material; (/) shoveling should be 
done at a good steady pace, speed depending on 
length of job; it is waste of time and energy to 
try to rush through the work; (g) besides the 
amount of rest inherent in the work‘itself (rest 
gained while picking down, tramming, etc), definite 
rest periods should be maintmned. When each 
man has been thoroughly instructed in the methods of shoveling, he should be placed 
in general run-of-mine work among the more experienced shovelers, so that another new 
man may take his place for instruction. For further details, see Sec 3. 

Mechanical loading in drifts and crosscuts. 

For current practice in design and operation of loaders, see Sec 27. The following 
examples illustrate their applications in metal mining. 

Scrub Oak magnetite mine, N J, has used a Nordberg-BuUer shovel in its tramming drifts, 
8.6 ft high by 11 ft wide; in 1 shift, shovel loaded about 57 tons from each of 2 headings at op|M>aite 
ends of same drift. Advance, 6.5 ft per shift by each drilling crew. Ore averaged 16 cu ft per long 
ton. Loading equipment included shovel, storage-battery locomotive, and 5-tun Granby car; 
all operated by 2 men, who also extended track in 5-ft sootions; shovel and oar were both trans¬ 
ferred from heading to headipg by locomotive. Previously, loading crew had been 4 muckers and 
1 locomotive engineer per shift per heading; shovel thus saved 8 man-shifts (costing |3.16 per ft 
of drift) at an expense of 604 per ft for deprec, interast. power, repairs, and supplies; net saving, 
13.56 per ft (494). 

Ojuela, Mex. A 6 by 8.5-ft drainage tunnel was advanr«d 714 ft per mo (during 7 mo) in lime¬ 
stone, shale, and several diorite dikes 10-80 ft thick (484]r. Speed was gained by continuous 
3-8hift work, carriage mounting of drills, and mucking by Nordberg-liutler (No 109) air-operated 
shovel, loading 34 tone per hr iuto 40-cu ft dump cars; height of car above rail, 4 ft-7 in. Haulage 
by 2.5-ton Mancha storage-battery locomotive. Aver round of 8 ft required 6 hr-37 min, of which: 
drilling, 1 hr-60 min; loading 20 oars, 2 hr. ’ 

Mineville, N T, magnetite mines have advanced footwall haulage drifts 10 ft high 
by 15 ft wide at aver of 5 ft (max 7 ft) per 8 hr, with 4 men. Two drillers complete a 
wedge-cut round of 28 holes, 7-7.5 ft deep, and blast, in 5.5 hr; operators of air-driven 
shovel and elec loco (both meanwhile employed elsewhere) then load about 50 tons in 3 hr, 
to pocket at incline.- Explorive, 126 lb 40% gelatin per round (495). 

Humboldt mine, Morenci, Aria, using a Conwei^ shovel, advanced a 9.5 by 10.S-ft 
heading on 14th level 2 343 ft through porphyry in 8 mo of 1928, or at aver of 11.3 ft per 
day, compared with previous hand-mucking rate of 7.3 ft. Water collecting in the down¬ 
grade heading hindered mucking. With 2 drills on -vert columns, a horiz V-cut round of 
21 holes, 8-9 ft deep, plus 1 diort bottom hole for ditch, was finished and fired in 5.25 hr; 
usual break, 7.5-8 ft, or 9 tons per ft. After 45 min for smoke to clear, shovel crow of 
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3 men loaded 70 tone in 6 hr; hence, 2 complete rounds per day. Double track, witii 
transferable crossover switch, expedited handling oars (99). 

Magma mine. Aria, drives haulage levels in diabase wall rock, 8 by 8 ft where untim> 
bered. Two drifters, on horis bar, drill upper half of a 13-hole pyramid-cut, while air- 
driven shovel is mucUng. Depth of holes, 7 ft, is adjusted to break about 38 tons, which 
can be mucked by comp-air shovel into 2-ton cars while holes are being drilled, requiring 
about 6 hr, including first set-up; shoveling takes 4 hr. Bar is then moved down, and 
lower boles are drilled in 1 hr. Charging and blasting, 1 hr, lunch and lost time, 1 hr, 
makes 8 hr for a 5.5-ft advance. Crew of 2 drillers, 2 helpers, 1 loader operator does whole 
job, mcluding laying track and pipe lines. One helper operates storage-battery loco (77). 

Trepca Mines drove a development and drainage tunnel 8 776 ft (all but 645 ft in weak aehist 
tsquirinx steel support clear to the face) between Oct 16, 1629, and May 12, 1631 (466). Arched 
beading, 6.8 ft high at center by 12.8 ft wide, usually required a horis V-cut of 22-26 holes, 7.9 ft 
deep, drilled in 1.6-2 hr by 4 drifters on r. carriage. Aver advance, 6.6-7.5 ft per round; explosive 
(66% ammonia dynamite) 16.8-20.2 lb per ft. Nordberg-Butler shovel, air-operated, loaded 60 
met tons from an aver round into 41 oars (26-30 ou ft) at 3.6 min per oar, or 2.25-2.76 hr per round. 
Entire cycle, during 4 mo free from unusual delays, ave.aged 6.5 hr. Ditching done independently 
by hand work. Of total crew of 132 men underground, in 3 shifts, 51 worked at face, 21 ereotiiig 
Steel, 15 concreting. Record advance for 1 month, 876 ft; aver for 8 mo in 1930, 778 ft per mm 

Siscos Gold Mines (in 1635) advanced an 8 by 8-ft crosscut, in medium schist intersected by 
hard porphyry dykes, 3 086 ft in 4 mo continuous S-shift work except Sundays, which were used for 
repairs, pipe and switch installation, and raise work. Little timbering was necessary. Crew per 
shift: 2 drillers, 1 helper, 1 shovel operator (Eimoo Finlay), 1 switchman, 1 motorman (storage- 
battery loco), 1 trainman. Two 3.6-in drifters, mounted on horis bar above muck pile, drilled 12-14 
boles to max 10-ft depth in 1.3-2.6 hr, while shovel was at work; drills then idle for 1 hr, while ehovel 
was loading last 12-20 tons of muck. Lower holes were then drilled from new set-up in 1-1.6 hr. 
Total round of 20-24 holee, pyramid-cut, broke from 7.5 ft, in hardest, to 10 ft in softest rock, using 
60% gelatin forcite in cut and 40% in square-up holes. Never less than 3, and often 4 rounds 
were broken per day; best aver for 27 days, 27.7 ft. Labor was contracted on bonus system, 
aiming at speed; 85.50 per ft for (2 weeks’ aver) advance under 6 ft per round, to 87.50 per ft for 
10 ft or over; Co supplied explosive. Switches for the 20-cu ft cars were installed every 200 ft 
(487). 

Chamjdon mine, Mich, drovs haulage levels 8 ft high, 9 ft wide in barren rock and 
13-14 ft wide in ore; little timbering needed (488). In 14-ft drift, a wedge-cut of 34 or 
35 holes, breaking about 5.5 ft, was drilled from 2 vert columns. Two horis holes near 
upper corners were the deepest, to leave stubs to receive split pins for attaching tail-rope 
block of scraper. “Osana” scraper slide was 6 ft wide at bottom and 4.6 ft over car; 
incline, 30°. Hoe scraper, 43 in wide. Motor, d-c, 15 hp. Two drillers and helper on 
each of 2 shifts performed whole operation, including tramming and dumping into skip. 
Aver 2 hr to muck a round (about 50 tons). Aver advance, 0.56 ft per ^hr man-shift; 
explosive, 17 lb per ft. 

Britannia mine, B C, driving a main haulage tunnel 10 ft high byl2 ft, with a 3 by 
3-ft ditch, used 4 drills on carriage for a pyramid-cut of 29-33 holes, 7-8 ft deep, in 
2-2,5 hr (498). Crew on each of 2 sliifts: 1 boss, 4 drillers, 2 muckers, 1 motorman, 
1 brakeman; additional crew, on day shift only, 2 trackmen, 2 steel sharpeners, 1 ditcher; 
total 23 men in 24 hr. In all but hardest ground, advance was 6 ft per shift. “Osana” 
slide loaded a 6-ton (120-cu ft) car in 3-4 min; switching oar, 1-3 min. Hoe scraper, 
42 in wide, was operated by tail-rope block bung from chain stretched between Lewis 
wedges in 2 upper corner holes, after firing. Permanent rail was kept 30 ft back from face 
to permit clean scraping; temporary rail for drill carriage was laid in advance. Dir^cher, 
in rear, drilled and &ed at will. 

Eursks-Asteroid mine, Gogebic Range, Mich, used scraper slides in headings: main .evela, 
6 ft high, 11 ft wide; untimbered haulageway, 8 by 10 ft; sublevels, 8 by 6 ft (delivering to chutes). 
Slides have displaced power shovels, proving cheaper in first cost, operation, and mamteuance, 
and simpler to handle. With them, untimbered rock 6 by 11-ft crosscuts have been advanced 
800-900 ft in a month (499); one made 924 ft through hard rock in 31 days of 3 shifts. 32 num-shifts 
per day. Four drills, on 2 columns, could be set up, drill 24 wedge-cat holee, and torn down in 
2.3 hr. After 40 min for charging, firing, and smoke to clear, acraper loaded 26 can (of 60 eu ft) 
in 1.75 hr; total round, 4 75 far. 

Mt Isa, Queensland, uses scraper loading in haidage crosaouts (9 ft high by 10 ft wide, 
with side ditch) and stoi>c sub-h-vels (10 ft high by 12 ft wide). Former is advanced with 
center-wedge cut of 27 holes ir.5 ft deep, breaking 7 ft with 110 lb 60% gelignite; latter 
with a pyramid-cut of 32 holes, 9 ft deep, breaking 8-9 ft with 70 lb of 60% and 70 lb of 
40% gelignite. Working alternately in 2 headings, 4 drillers and 2 muckers make 1 round 
per shift. Hoe scraper, 34 in wide, is reinforced and weighted with 2 sectioxu of 42-lb 
raiL Motor, 15 hp, a-c, 440 volt; rope, 0.5 in; cars, 75-cu ft capao (600). 
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Roan Antelope mine, Rhodesia, introduced in 1930 its own design of portaUe dide 
scraper operated by native labor, with great advantage over hand loading (501). One 
10 by 12-ft main drift in ore advanced 277 ft in 25 days, drilling and loading alternately 
on two 8-hr shifts. Crew of 7 natives with European boss ran 2 heavy drifters with 
13>ft steel; loading crew, 7 natives, one running the scraper, and 1 European. Haulage, 
by battery loco and Granby cars. 

Mnscoda Ro 6 mine, Bessemer, Ala, lues scraper slides, made in company’s shop, for dragRing 
Clinton hematite ore from gently pitching rooms to the rise, and advancing haulage levels CA07). 
Latter are 20 ft wide by 10.5 ft high. Round of 13 holes, 6.5-9.4 ft (total 112.4 ft), arrang^ for 
vwt-wedge cut, is drilM from a tripod over one side of muck pile, while scraper is clearing other 
aide. Charge cd 69 lb of 46% dynamite breaks 7-5 ft, or 1.494 ton per lb. Slide, only semi-portable, 
must be dismantled for moving; bottom is of 16-in channels, 18 ft long, flat side up. aud'holted 
together, with upper ends resting on 12 by 12-in timber across props. It is set near one wall, 
leaving space on other side for movable hoist, which has 2 loose drums driven by clutches from 
6 Chhp, d-c, reversing motor. Hoe scraper weighs 2 700 lb and drags about 2 tons. 

Hall^n lead district. No Wales. 4 drainage tunnel, 10 ft wide by 8 ft high, with ditch 4.5 ft 
wide by 2.6 ft deep, was driven through tight limestone, requiring support only at long intervals 
(483). During a normal 4 weeks free from unusual delays, 101 rounds advanced 863 ft, aver 
168.26 ft per week of 138 hr, with a crew of 63 men per day, 12 per shift being at the face. Rock 
was hoist^, and delays from inrushes of water and mud from fissures were frequent. Two drifters 
on horis bar drilled 36 holes, 8 centcr-cut 7.6 ft deep, the rest 6.6 ft, in about 2.26 hr. Usually 
5 other 5-ft boles, for the ditch, were drilled by jackhammer, and fired with the round. Aver break 
of 6.33 ft required 140 lb of 60% gelignite, including 9.6-13 lb for ditch. Box-type scraper, 38 in 
wide, proved better than hoe type for Ibis finely broken rock. Two scraper loads filled a 1 600-lb 
(capac) car, 1 oar per min. Aver cycle: removing scraper and setting up drills, 31 min; drilling 
36 face and 5 ditch holes, charging and firing, 2.75 hr; waiting for smoke, clearing track, setting 
up scraper and shde, 48 min; loading 64 cars (43 tons), 79 nun; total, 6 hr-26 min. 

Miami Copper Co has considerably modified its mechanical mucking practice in drifte. 
Aa originally instalicd (see 1927 edn, p 521) a train of 8 cars was loaded without tmeoup- 
ling, by scraper and a bridge sheet between every 2 cars. As descrilicd by A. J. McDermid 
(511) in 1930, cars are loaded singly, and switched by storaige-battery loco from a distance 
up to 500 ft from face. “Osaua” scraper slide, built in Co shop, has a 25-hp d-c motor, 
for a 2-drum hoist carrying 100 ft of 0.75-m roi>e for load and 125 ft of same size for tail 
rope; pulley for latter is held at face by 2 eyebolts set in phigger holes as soon aa booms 
and caps have been advanced. Hoe scraper is 48 in wide, with Stellited cutting edge. 
Muck from an aver 6.25-ft advance fills 15 75-cu ft cars; with high pile, 4 scraper loads 
fill a car in 3 min; about the same time for switching. Scraper cleans up enough for 
laying track and timbering to face, but sides behind too of slide are shoveled by hand. 
According to information from Miami in 1938, 2 automatic-fed drifters put in a wedge-cut 
of 17 holes (aver 6.7 ft) in 5 hr; this breaks 10 ft high by 9 ft wide with 50 lb of 
40% gelatin; 3-piece drift sots of 10 by 10-in timber are spaced at 6.25-ft c-c. One 
advance is made in 2 shifts, as follows: setting up, drilling, blasting, 5.5 hr; clearing smoke, 
0.5 hr; timbering (advancing booms and caps), 2.0 hr; mucking, 4.0 hr; timbering 
(posts), 4.0 hr; total, 16.0 hr. Working 2 shifts per day, aver monthly advanc.e is 160 ft. 

R’Kana mine, N Rhodesis, drives main haulageways in shales and sandstones, 12 by 
12 ft with ditch, on 0.4% grade, drilling and scraper-mucking on alternate shifts (528). 
With 3 drifters on columns, 1 miner and 11 natives drill 30 holes, with 12-13.6-ft steel; 
firing with 60% gelignite breaks about 11 ft. Ditch drilled by jackhammer. Scraper 
crew, of 1 operator and 12 natives loads muck in 4 hr;'rest of shift on misc work. Hoe 
scraper is 45 in wide, weighs 1 000 lb, and is dragged by 35-hp motor hoist with t/g-in 
wire rope. Track is kept within 30 ft of face; with 30-ft turnouts every 300 ft. A 6-ton 
storage-battery loco hamdles ISO-cu ft Granby cars. Best monthly advance, 303 ft in 
26 days (2 shifts) in an up-grade, and 265 ft in 25 days in down-gr^e heading (retarded 
by water). (Hosts per ft during 6 months: Breaking, $11.67; mucking, $6.67; timbering, 
$0.30; track laying. $3.79; elec equipment, $1.87; total, ^4.30 (at $1 » 4.11 sh). 

Butte, Mont. Data from H. M. Courtney (615) in 1938. Mechanical shovels have 
practical^ displaced scrapers, as drifts tend to be narrow and crooked. Anaconda Co 
(end of 1938} had 75 shovels, of several makes; in first half 1938, 54 shovels loaded 270 545 
tons, including ore from half of all silling operations. Untimbered drifts are 8-9 ft high 
and 6-7 ft wide; timl^red drifts, 10-11.5 ft high and 8-9 ft wide, outride of timbers. 
In wide ore, drifts sometimes advance at full width of ore, 16-22 ft. All drifting is con> 
tracted, usually 2, sometimes S men (2 drillers, 1 shoveller) on a shift; wherever posrilfie, 
2 or 3 headings are worked by aame gang, usually on 2 (sometimes 3) shifts. Working 
practice varies oonsiderably, depending mainly on width of face; for details, see Bib (615). 
Cars are of 3 rises. Aver loading times: 14-16 cu ft (0.76-tou), 1 min; 30 cu ft (2-ton), 
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2.6 min; 62 cu ft (4>ton), 4 min. In on« oaae, 2 adjoining beadings, fi by 7.6 and 2 by 
7 ft, were driven by 3 men on, a shift, 3 shifts per day, making “ burned cuts ” witii 

2 ci^Us on a carriage; in 1 week of 18 shifts, 468 holes totalling 2 960 ft were drilled for 
an advance (both headings) of 100 ft (aver 6.5 ft per round); week’s work included 
tramming 811 oars to station, and cutting drainage ditch. 

Routine of work in drifting and crosscutting. Effic is increased by ssrstematiring 
operations. This presupposes reasonably uniform ground conditions, proper equipment, 
experienced men, and competent supervision. .On completing a round the following is 
the cycle of operations: examining the face for missed holes, new set-up, drilling, tearing- 
down, charging, blasting, clearing smoke, and mucking. Inclusion of timbering depends 
on strength of ground. Jrack-laying and extension of air and water lines must be fitted 
into the routine in a way to avoid delay and interference. Number of drills used depends 
on sise of opening, hardness of ground, and the limitations as to hour of blasting and time 
for clearing smoke; in some places, blasting may be done only at end of shift. Effic of 
mechanical mucking depends on keeping the loader supplied with empty cars. Pro¬ 
cedure may be governed more by speed requirements than by consiijeration of cost; 
thus, S-shift work is usually more costly, but ma> be desirable for speedi Routine may 
best be maintained if there be 2 or more headings in which individual crews may idternato 
their work. Following examples (numbers refer to Table 18) illustrate general principles. 

Ex 22, Lake Shore mine, Kirkland Lake, Ont. Groimd, hard porphyry; drift, 
7.5 ft high, 7 ft wide; 2 drills at face; mounting, column; holes per round, 23; advance 
I>er round, 6.25 ft; hand mucking; advance per mo, 165 ft. Routine: 7 am to 2:45 pm, 
setting up, drilling utd blasting; 2:45 to 7 pm, heading idle, clearing smoke; 7 pm to 

3 am, mucking and laying track. 

Ex 62, Lloyd mine, Ishpeming, Mich. Ground, cherty slate; drift, 10 by 10 ft; 2 drills 
at face, on cross-bar; holes per round, 21; advance per round, 6 ft; mucking by power 
shovel; advance per mo, 375 ft. Routine: 8 to 8:30 am, trimming sides and back; 
8:30 to 9 am, setting up; 9 am to 1 pm, drilling upper half of round and mucking; 1 to 
2:30 pm, drilling lower half; 2:30 to 3:10 pm, tearing down; 3:10 to 3:40 pm, charging 
and Uasting; 3:40 to 4:00 pm, clearing powder smoke by blowing with 5-hp fan through 
water spray; same procedure on afternoon and night shifts. 

Ex 41, Geneva mine, Ironwood, Mich. Groimd, granite; drift, 8 ft high, 10 ft wide; 

4 drills at face, on drill carriage; holes per round, 32; advance per round, 6.95 ft; mucking 
by scraper, slide, and 340-cu ft car; advance per mo, 524 ft (3 shifts per day, 26 days per 
mo). Routine: 7 to 8 am, setting up; 8 to 11:05 am, drilling; 11:05 to 11:55 am, charging 
and blasting; 11:55 am to 12:25 pm, blowing smoke; 12:25 to 3 pm, mucking; 3 to 4 pm, 
setting up; and so on through 3 shifts. 

Ex 53, Creighton mine, Ont. Ground, quartz diorite; drift, 10 ft high, 9 ft wide; 

3 drills at face; mounting, vert column and arms; holes per round, 34; advance per 
round, 8.3 ft: mucking by power shovel; advance per mo, 224 ft. Routine; 8 am to 

4 pm, muckii^ previous round, drilling, and tearing down; 5 to 10:30 pm, blasting and 
clearing smoke; 10:30 pm to 1 am, timbering; 1 to 8 am, idle. 

Ex .33, Magma mine, Superior, Ariz. Ground, hard diabase; drift, 8 by 8 ft; 1 drill 
at face on crose-bar; holes per round, 23; advance per round, 5 ft; mucking by comp-air 
shovel; advance per mo, 250 ft. Routine: Work is on 2 shifts, drilling and mucking 
simultaneouBly. Drilling schedule: 8 to 8:30 am, traveling to working place; 8:30 am 
to 12:00 m, setting up and drilling; 12 to 12:30 pm, lunch; 12:30 to 2:30 pm, drilling; 
2:30 to 3 pm, charging and blasting; 3 to 3:30 pm, counting explosions in round and 
replacing ventilation tubing into face; 3:30 to 4 pm, traveling to shaft collar. Mucking 
schedule: 8 to 8:30 am, traveling to working place; 8:30 am to 12:30 pm, mucking; 
12:30 pm to 3:30 pm, laying track, cleaning ditch, making up primers, taking down 
ventilation tubing; 3:30 to 4 pm, traveling to shaft collar. Night ^ift repeats cycle. 

Band mucking vs mechanical loading. In about 76% of 70 headings listed in Table 18, 
some form of mechanical loading is used. A similar table of 105 headings, in 2nd edn 
(1927) of this book, showed 13% mechanical loading. Small mines are probably not 
adequately represented in either table to make these percentages truly represmtative, 
but the data suffice to indicate a marked increase of mechanical loading in recent years. 
This does not necessarily rignify that mucking costs- are always reduced by adopting 
mechanical loading, but saving has often been effected, especially in headings of large 
cross. sec (see Sec 27). Loaders may be used where speed is essential, even though hand 
mucking might be cheaper. Sacrifice of cost to speed is often justified where labor is 
cheap but inefficient. Table 18 shows that mechanical loading is much commoner in 
large headings than in small. In 59 headings larger than 6 by 8 ft, loaders are used exclu- 
rively in 46 cases;' in 4, the muck is hand-shoveled to a conveyer telt; in 20, having a see 
6 8 ft or less, loaders are used exclusively in only 4 cases; occasionally, in 4 others. 
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89M|Mn vt ^ewer •lio'rds. TaUe 18 indioatM that both acnpen and power ahoTels 
are used widely in development headings. Scrapers find greater favor than shovels in 
the softFore iron mines of Lake Superior region, while the power shovel seems more popular 
in the *' hard rook ” mines. Data available are not conclusive; continued improvements 
in design are being made in both. 

Tintbering in crosscuts is similar to that for tunnels (Sec 0), but is generaJly lighter on 
account of smaller cross-sec and shorter life of these openings. This may be true also of 
drifts, but timbering in the latter is often designed to support filling or ore in the stope 
(Art 38-39). Usual forms of drift timbering: (a) half sjst (Fig 141), cap resting in a 
I',. ..j .... . hitch at one end and on a post at the other; used where back 

and one side of drift require support; (b) threb-quartbb 
BBT (Fig 145, A) cap and 2 posts, used where back and both 




Fig 141. Half Set 


LONGIT SEC 

Fig 142 


HALF CROSS-SEC 


sides require support; is the commonest set; (c) full set (4-pieoe), made by adding a 
sill to the three-quarter set, is used where the floor is soft (i^c 6). Ixingit mud sills, 
sometimes found m large tunnels, are seldom used in mines, duo to difficulty of replace¬ 
ment. In important haulageways and drainage tunnels, lower side walls may be con¬ 
creted, forming ledges on which to stand the posts. Posts of sets usually have a batter 
of 1.6 to 2.6 in jwr ft of vert height; increased where lateial pressure is heavy and set^ 
must be maintained for a considerable time (Fig 142). Round or sawed timber is used 
for drift sets (for comparison, see Art 49; also Sec 6). Size of timrers. Round timber 
is usually (»to 12 in diam; for heavy ground and large openings, up to 24 in diam or more. 



Ordinarily, lightest sawed timber used is 6 by 6 in; sizes to 12 by 12 in are common. 
Spacxno of sefs depends on size of timbers, weight of ground, and length to which avail¬ 
able lagging will cut without waste; usual interval is 4 to 6 ft; in heavier ground, 2 to 
3 ft; in extreme cases, sets are placed skin to skin. Lagoino (L, Fig 142), used to prevent 
falls of ground between sets, is of, round 4 to 6-in poles, half-round mill slabs, or 2 to 4-m 
plank. Plank is used whore tight joints are necessary, and in districts where all timber 
is imported and plank is as cheap as other forms. Length of lagging usually >> distance 
e to e of sets; it may cover only back of sets, or back and one or both sides; in rare cases 
sills are lagged also. Lagging on back is usually placed skin to skin; on sides, open lagging 
(Fig 142) is general^ sufficient. Space between lagging and walls is best packed with 
broken rock. Sfragb (stretchers) (Fig 142, S) are distance pieces to brace the sets longi¬ 
tudinally; they are heavy lagging poles, or 4 by 6 or 6 by 6-in timber, cut to fit between 
sets at joint between cap and post, and spiked in place; in riufting ground, feet of posts arc 
braced also. Sets are finnly wedged to wall; blocking and lagging often form ^equate 
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lateral bracing. Joints. Simple forms are desirable; object is to get full streogtli of 




timbers with as little 
framing as possible. Itg 
143 dtows typical joints: 
(o) is cheapest to frame, 
but cap may split under 
vertical pressure; ( 6 ) 
avoids this danger; (c) is 
as good as (&) and cheaper 
to frame; (d) and (s) are 
designed to give both cap 
and poet the strengtti of 
full cross-sec and are good 
where both vertical and 


lateral pressures are heavy. Joint (a) is common for jtmction of post and sill in full sets. 


Spedal sets. In heavy ground, sets may be 
reinforced by diagonal braces between cap and post 
(seriously reducing head room unless sets are high). 
In some cases a second complete set is placed inside 
the first. For heavy mo\'ing ground, a set like that 
shown in Fig 144 was developed in the Southwest. 
Squeeze-blocks are put between bridge and set. Out¬ 
side set is of lighter timber. Pressure can be relieved 
by removing lagging and picking out back and sides. 
The outer sot will fail before main set, and may then 
be replaced without interference with tramming. 
Under a stope, to give lieight for placing chutes, the 
bridge in Ilg 144 may be supported on short posts 
instead of blocks fSlS). In wide openings, various 
fonns of BAFTSiR SETS (Scc 6) are sometimes used, or 
center posts placed (Fig 145). At switches and turn¬ 
outs special seta are required (Sec 11 ). In soft, 
swelliiig groimd, press on sets can be relieved by 
letting loose material sqwteze through spaces be¬ 
tween lagging; at United Verde Ext mine, vert lag¬ 
ging of 16-lb rail spaced at 6 in was used in some 
places for this reason. A method for timbering drifts 



through swelling ground in United Verde and Braden pjg 140 . g^^jf Lagring for Loose 
mines (Fig 146) gives prompt relief of local press. Ground 


Wall lagging, of plank cut to fit between posts, is 

supported on cleats sloping toward walls; planks can be lifted out for removing loose 



material behind them. Under 
very adverse conditions, in 
some parts of United Verde 
Ext mine, the bulkhead in Fig 
147, composed of scrap ends 
of timber, proved more ser¬ 
viceable than reinforced con¬ 
crete (90). For special meth¬ 
ods of advancing headings 
in soft, heavy ground, where 
timber is required at the face, 
see Sec 6 . In rock which 
disintegrates on exposure to 
air and moisture, gunitiag 
with 2 coats of cement mor¬ 
tar may often save expense 
of replacing timbers; but it 


is useless if ground is subject to even slight movement. 


Steel sets are less common in metal than in cool mines (Art 111). Frood mine (93) 
places 7-in Ni-steel I-beams, un 11.5-ft centers, across tops of its footwall haulage drifts 
9 ft wide by 10.5 ft high. Ends of beams are cemented in hitches or rested on concrete 
pilasters. Lagging is of 4-in Ni-steel I-beams (usually 4, spaced across width of drift) 
with blocks and wedges supporting the back. Many mines utilise second-hand steel for 
support of shaft stations or other wide openings. 
























RAISES 


10-109 


2L RAISES 

Ocswil« Ri^BM.are preferaUe to wimes wherever feasible, as they can be driven 
faster and cheaper. When steeper than about 40°. there is practically no mucking cost, 
because broken material faUs or slides to level below and is loaded into cars through a 
chute; on flatter idopes, mucking is necessary, but often done cheaply by scraper. In 
strong ground, little or no timbering is necessary where pitch is loss than about 45°; in 
steeper raises timber is needed to support men when drilling. Raises at about 46° are 
usually cheaper per ft than those flatter or steeper, but advantage of lower cost over 
steeper raises may be offset by their greater length. Some mines find a pitch of about 60° 
most economical from all standpoints. Vert or ^’ery steep raises usually have 2 compart¬ 
ments, manway and chute, and are carried up like a shrinkage stope (Art 67), only the 
necessary amount of broken rock from each round being drawn to give working space at 




the face. Manway may be separated from chute side by lined stuUs, or built of cribbing 
or lagged sets. " Pilot ” raises are common as first step in sinking large shafts, where 
access is possible from one or more levels; raises are then enlarged, beginning at top, by 
methods resembling underhand stoping (Art 35) witli great economy in labor of mucking. 
At Braden mine, pilot raises for a large vert shaft were zig-zagged at 50°. Fig 148 shows 
a method of stripping a pilot raise to full sec, starting at bottom (522). 

In certain foreign countries, native latxn is more adept at sinking winzes than driving 
raises. In such cases winzes are often sunk to meet raises from below, thereby increasing 
devdopment speed without increasing cost of work. 

Data on raises in Table 20, generously contributed by the managements and engineer¬ 
ing departments of the mines listed, show present practice (1938) in raising in the U 8, 
and give information on cross-sec, drill rounds, explosives, speed of advance, etc. 

Cross-section of raises is usually square or rectangular. Width in narrow veins is 
often fun width of vein; minimum possible width is about 2.5 ft; 3.5 ft is better; must be 
increased on dips less than 45°. 

Cross-sec should be long enough to provide room for 2 compartments and the necessary 
timbering, also to allow cut holes to be placed efficient!^; 5 to 7 ft is usual practice in 
small openings. Prospecting or exploratory raises, and those driven solely for ventilation 
in connection with mining, are kept small to reduce cost. Cross-sec of raises for handling 
ore or waste is adapted to amount of material passing and size of pieces. In connection 
with square-set stopes, dimensions of raises are often determined by size of sets (Art 48); 
if raise is for inside hoisting, cross-Sec is computed as for shafts. 

Drills and mounting. Unmounted stopera are used for raising unless the pitch is very 
flat, in which case ba''-mounted drifters may be better. These arc sometimes used in 
very hard ground, even in steep raises. Among the examples in Table 20, stopers with 
automatic rotation greatly outnumber hand-rotated stopers. 

Arrangement of holes. In raising, all types of round are used, as in drifts; similarity 
between raising and drifting increases as the dip flattens. Table 20 indicates in general 
the. rounds required for different rocks and cross-sec of raise. Fig 149-158 show some of 




Table VO. Data on Raising Practice, as of 1938 
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tiie raise rounds named in the table; mimbers at holes indicate order of firing. Where 
timbering is used, round should be planned to minimise injury to timbers; in 2-comp 
raises, cut holes are usually over the chute compartment rather than the manway (Fig 162). 
Humber of holes per round for raises is shown in Table 20. Distance between holes 



■^12 ,10 ,8 ,6 ,4 2»— 

V 9* ’• 6, 5, *,4 

12 10 8 6 4 « ^ 




Fig 153. Burned Cut, Homestake 
Mue, Lead, S D. Holee 7 ft-4 in deep 


Fig 154. X-cut in Soft Hematite, 
Pioneer Mine, Kly, Minn. Holes 
4.5 ft dees 


increases with sise of cross-sec; larger space allows cut holes to be placed to better advgn 
tage with a drill of a given-length, and deeper rounds can be pulled. 

Loading and tramming from raise chutes (see Table 10 for data). 
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Timbcrinc sad goowol procodure. Pig 159 diows mode of driviog a small inelined 
raise (113). Up to dip of 40* no timber is required to support men; above 30®, it is best 
to place small horis stidls 4 or 5 ft apart and 6-10 in above footwall. Muck collects 
behind these, forming steps which aid in climUng raise and supporting drills; the steps 
also catch steel and tool", dropped accidentally. SupiK>rt lor tail-piece of stops drill ma^ 




Fig 156. Pyramid Cut, Ruth Min«v 
Ruth, Nev. Holee average 6 ft deep 



be obtained from a plank brace, as in Fig 159. In steep raises, timbering is usualiy neces¬ 
sary to support platforms and ladders, even when the ground itself requires no support. 
In small, single-compartment raises, simplest timbering is a row of stulle across each end, 
to serve as footing for drilling platforms (Fig 160). The platform is moved up, round by 
round. Safety of driving raises in this manner decreases as height increases. For larger 
raises, even in strong ground, it is better to divide raise into 2 compartments, one for a 
pipe and ladderway; v..eiedly done by stulls or cribbing. Stulls are placed in pairs 4r-5 ft 
or more apart along pitch of raise, one at one end of the raise and the other 2-4 ft toward 
the middle (Pig 161). Innde rjv is lagged to form a partition between manway and 
chute. Platforms may be left as desired in manway compartment and ladders staggered 
for safety. If manway is small, pockets (P, Fig 161) may be cut at intervals of 30-40 ft 
for storing drill and tools. Muck may be drawn completely after each round, but it is 
usually best to draw only enough to give working room at top. Fig 162 shows 2-compart¬ 
ment raise in strong ground, with cribbed manway. In weak ground, square-sets (Art 47) 
or *' double ” cribbing are often used. Fig 163 shows a double-cribbed ruse at Magma 
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mine, Aria (77), with 2 aata of 5*#t cribbing. At some other minee side members are sini^e 
pieces, 10-11 ft long, dapped for 2 end pieces, and a sin^e piece to divide the compart¬ 
ments. The example in Fig 163 is suitable for high lifts in weak ground; a small com¬ 
partment is provided for a flexible ventilation tube, and another, lined with 1 by 10^ 
plank, for hoisting cribbing and drill steel. Platforms are 20-ft apart, and ladders offset 
at each platform. Vert raises for filling of square-set stopes (Art 47) are usually timbered 
wi^ standard sets, forming part of the regular stope timbering (Fig 165). 

Ventilation of raises, especially those carried up in shrinkage fashion, may be by 
auxiliaiy fans, delivering air to face through canvas tubing. Often, ventilation is only 
the ipnall vol of air from comp-air line, or exhaust from drills. At Frood mine, Ont, a 
1 -in comp-air line is carried into raises solely for ventilation. Careful “ blowing-out ” 
of raises after blasting is essential to protect miners from CO or other gases. At Mt Isa 
mine, Queensland, 5 by 7-ft raises, pitching 56°-60*’ to max height of 120 ft above level, 
are ventilated by a diamond-drill hole from the level above, a piece of pipe being cemented 
into its collar and connected to a comp-air line. This is said to bo better than other means 
of ventilation. The drill hole also serves as a guide for direction and inclination, and 
saves surveying work as the raise progresses (OUO). 

Routine of work in raising. As in drifting and crosscutting (Art 20), effic is increased 
by systematizing work, and same principles of routine apply. Following examples are 
from Table 20: 

Ex 33. Home mine, Noranda, Que. Rock, hard rhyolite; raise, 61/2 by 7 ft; inolinw- 
tion, 45°; 2 stoper drills at face; holes per round, 23; advance per round, 5.23 ft; no 
timbering; advance per mo, 146.5 ft. Routine: 7 am-3 pm, rig up and drill; 3-4 pm, 
nothing; 4-12 pm, complete drilling and blast; 12 pm to 7 am, nothing. 

Ex 57. Ci^ighton mine, Ont. Ground, disseminated to massive sulphide; raise, 
7 by 11 ft; inclination, 65°-90‘’; 2 stoper drills at face; holes per round, 32; advance per 
round, 7 ft; timbering, cribbed manway; advance per mo, 97 ft. Routine: (Monday) 
8-10 am, setting up equipment; 10 ttm-4 pm, drilling; 4-6 pm, nothing; 5-8 pm, drilling; 
8-10:30 pm, removing equipment and staging; 10'.30 pm-1 am, blasting cut; 1-8 am, 
nothing; (Tuesday) 8-9 am, scaling, and cleaning bulkhead; 9 am to 1 pm, raising bulk¬ 
head; 1-4 pm, blasting squaring holes; 5-8 pm, scaling, and cleaning bulkhead; 8:00 pm 
to 1:00 am, cleaning and extending manway and building staging. 

Ex 38. Montreal mine, Montreal, Wis. Groimd, soft hematite; raise, 5 by 10 ft; 
inclination, 65°; 1 jackhammer on feed leg at face; boles per round, 10; advance per round, 
4.5 ft; timbering, cribbing; advance per mo, 200 ft. Routine: 7-8 am, muc^ng; 8-11 
am, timbering; 11-11:30 am, lunch; 11:30 am to 1 pm, timbering; 1-3:30 pm, drilling 
and blasting; night shift, same. Work, 5-day week and 2-shift per day basis. 

Ex 59. Idaho Maryland mines, Grass Valley, Cal. Ground, tough porplonrite; 
raise, 5 by 18 ft; inclination, 40°-90°; 2 stoper drills at face; holes per round, 24; advance 
per round, 5 ft; timbering, modified square-set for manway in center of raise (chutes on 
each side); advance per mo, 125 ft. Routine: 8-9:30 am, clean off bulkhead; 9:30 am- 
3:30 pm, raise timber and replace bulkhead; 3:30-5 pm, nothing; 5 pm-l:30 am, rig 
machines, drill, tear down, and blast; 1:30-8 am, nothing. 

22. EXAMPLES OF RAISING 

Frood mine, Ont. Data from operating staff of Internat Nickel Co of Canada, Ltd, 
in 1937 (93). For geol conditions and method of mining, see Art 46. Levels 200 ft 
apart to 2 800 ft; below that, 150 ft. Raises, 7 by 11 ft driven from level to level for 
filling raises for flat-backed square-set stopes. Inclination, 70° or steeper. Re'ses are 
driven by shrinkage method, with a cribbed manway on obe side (Fig 164), to serve later 
for access to stope from level above, and as foul-air outlet; chute side serves as passage¬ 
way for fill to the stope below. Equipment: 2 self-rotating stopers with 3-in pistons, 
sets of l-in quarter-oct steel in 1-ft changes from 2 to 10 ft, and timbering, scaling, and 
shoveling tools. Air and water for drilling supplied through 50-ft lengths of l-in and 
l/2-in hose, respectivelj'; pipe lines, 2-in for air and l-in for water, are carried up Uie 
manway to within 30 fI of face; also a separate l-in air line for ventilation. Round 
of 32 holes to depth of 7-10 ft, depending on ground conditions, is blasted with 250-350 
sticks 40% forcite, with wooden spacers and clay tamping. Blasting with electric delay- 
action caps and battery. A d-hole burned-cut (Fig 164), with holes 2 in apart, is used. 
Cut is drilled over chute side and is blasted separately. Raiues are usually driven on 
1 shift per day by 2 men, usually completing a round in 3 days. Routine. Cut holes 
^Ued and blasted the first day. Cribbing is raised to within 3 ft of face, and the remain¬ 
ing holes blasted on second day. Chute is drawn, bulkhead over manway cleaned off, 
drill rigging set up, and drilling begun on third day. Timvebino. Cribln^ consists of 
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squared jaokpine. dapped back 6 in from each end. Two pieces of 7-it oribbins are 
placed from foot to hanging wall about & ft apart, as bearers to hold cribbing in place dur* 
ing later stoping. Chute side of cribbing is lined with 4 by 8-in by 7-ft plank. A 20 by 
24-in plank-lined compartment is carried along the footwall side, in comer of manway 
for hoisting materials during raising. Platforms built every 15 ft, with staggered ladder 
along the footwall. A control chute (Fig 164) is constructed about half way between 
levels, so that the raisemen can more effectively control drawing off broken rock. Chute 
at foot of raise is drawn periodically by the motor-haulage crew. 



Fig 1G4. Plan and Sec of Fill Raise,^rood Mine, Ont 


Lake Shore mine, Ont. Data from L. 8. Weldon in 1936 (95). For geol conditions 
and method of mining, see Art 46. Square-sets are used in driving vert raises for deliver¬ 
ing waste fill to square-set stopes. Raises are both 2-f and .3-compt, with manway for 
access from level above. In 3-compt raise, manway is in center set; chutes on both sides 
permit simultaneous filling of both sections of a double-rill stops. Fig 165 shows 2-compt 
raise. Sets are 8 ft high, with posts on 5-ft 4-in centers; caps and girts, 8 by 8-in; posts 
of light, round timber; chute lining, 3 by 8-in. Round is of 22-28 holes, double-pyramid 
out over the chute end of raise being commonest. Two drillers and a helper drill the 
round and blast cut holes in one shift. Aver advane<j, 5.8 ft per round, but skilled 
miners can break 6.25 ft per round. Two timbermon, on next shift, draw the chute, raise 
and block the sets, blast the remaining holes, and prepare for next round. A novel 
feature in square-set raises is a 16 by 22-in opening ("pigeon hole"), cut in chute lining 
below the bulkhead; it serves as a vent to release the force of blasting concussion, as an 
exit after placing the bulkhead, and to aid the clearing of blasting fumes by blowing 
compressed air. 
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Explosion Tcnt*"^ 
and niBoliole lit x 22 


Sets of spraco „ 

S'o'k 6*4'k 6^ centers 


ITnlted V«rde atia«, Axi*. Levels, 160 ft apart, are connected Igr vert or steeidjf 
dipping, 6 by 11-ft raises. In soft ground, manway at one end is cribbed, 66 in sq in clear, 

. with 6 hy 8-in pine, set on 

... edge and notched at corners; 

lined stuUs suffice in harder 

S -Double pyramid cut ground. Round for hard 

ground, usually of 32 &-6-^t 
holes, end-draw cut, drilled 
S with stopers, takes 05 lb of 

Explosion rent-— T H gelatin to break 4.76 ft. 

ana nianiiole KTx 22 H Two contract miners, in 1 8-hr 
m shift, complete raise at rate of 
^tsofspmco III 0.91 ft per man-day. Cribbing 

B OTt eU'k 6'4 centers |1| or stulls are set to within 7 ft of 

HI face after blasting 2 rounds. 

' Broken ore is drawn from chute 
III by motor crew on another shift. 

Ill lllllllll T a- ___ , _ ^ 1 Steel and timber are hoiste<l 

m : P ~ s ** ^ ^ 4 through manway by tugger and 

II fl M l| H I jv 12 X 12 Fir caps 11] |'| I rectangular bucket. 

J L l u ll Il ilU. I I II ill 1 1 iL- * * biocks''‘°° 1/ Champion mine, Mich, con- 

Longit Sec " Transverse Sec 

Fig 165. Two-oompt Square-set liaise. Lake Shore Mine, .iB.iBiilT'sntrft nnKrt in 

KirkUnd Lake, Ont usually 200 ft apart in a pro¬ 

ductive oreshoot (488)., Two 
miners, with self-rotating wet stopers, drill and blast a ‘‘burnt-round” of 26 6-ft holes 
in 2.5 shifts, working day-sliift only; in the firm, hard rock, drilling speed in 1.6-in holes 
is 3.9 ft per hr. A round takes about 84 lb of 40% gelatin. Raise is divided by a row 


Longit Sec 


^Bonnd lagging 

vl^x 12*Fir cape 
t^x 12"CoshIon 
— blocks 


Transverse Sec 


Fig 165. 


Two-oompt Square-set liaise. Lake Shore Mine, 
Kirkland Lake, Ont 



Fi* ItiO. Top of 4 l)j x-ft Raise, 
Champion Mine, Paininiiaie, Mirh. 
(Planks A are laid across nt A' when 
men ascend to start a new round. 
SoUar B is to protect main laduer- 
way) 


of stulls 3 ft from one end, 3 ft apart, and lagged on 
the chute side (Fig 166). Uppermost stull is never 
more than 30 ft below face, a wire-ropo ladder being 
used to reach staging resting on 2 stulls about 7 ft 
below face. A temporary bulkhead protects the man¬ 
way, and planks are laid across top of chute while 
men are working. Per ft of raise: drilling and blast¬ 
ing, 6.6 man-hr; boss, 1.1 mau-hr; explosives, 14 lb; 
timber, 8 bd ft. 

Raising through an old filled stope at Silver Plume, 
Colo (Fig 167). One side of raise was next to solid 
rock, but same plan was used where raise was entirely 
surrounded by loose material. Filling was well packed, 
and would not run in large amounts. Original vein, 2 



SEC IN PLANE OF VEIN SEC 0-F 

Fig 167. lUusiag at Silver Plume, Colo 


to 4 ft wide; walls, fairly strong. Timbering consisted of 3 rows of short stulls about 4 ft 
apart, set m hitches, and dividing raise into a manway and chute. 2-in plank was qjiked 
to middle row of stulls. to form a tight partition between compartments. Plank was also 
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usad for lacgins the outride spreaders. ' Only half the face of ^e ruse was advanced at one 
time, topmost stulIs on other side being covered with planks to form a roof for protection 
of miner when at work. Excavation was done with a bar, loose material failing into chute 
below. When face had been advanced about 2 ft, temporaiy stulls a were put in and cov¬ 
ered with plank. Miner stood under these and barred down face on other ride of raise. 
Permanent stulls were put in when raise had advanced far enough, the lagging and partition 
being kept as near as possible to face. Ore in chute was kept as low as possible, so that a 
sudden cave would not fill up chute and imprison men. 

Data on hand drilling in raises and winses, given in Table 21, are for work done at 
Esperansa mine, Mex, in 1901 (85); Mexican labor, 3 8-hr shifts. Figures show clearly 
that the duty of this labor, in cu ft excavated per man-hr, is higher in raising than sinking; 
they also indicate a slightly higher aver duty in raising than in drifting and crosscutting 
(Table 15). Raise No 4 (Table 21), driven by machine drill, shows higher powder con¬ 
sumption per cu ft than others; this is generally true of machine-driven as compared with 
band-driven openings. 


Table 21. Raises and Winzes (Hand-drilling) 


No 


Width, ft 

Height, ft 

Kind of 
ground 

M 

M u 

O '*** 

o-gs 

.4ver daily 
advance, ft 

Lb dynamite, 
60% Ngl 

Labor per ft 

Aver 

advance 

a 

• •M 

R 

per cu ft 

Miner- 

shifts 

_ 

Per man¬ 
shift, lin 
ft 

1 

s *» 

l-s 

1 

Raise.... 

II 

6 

(c) 

285 

1.04 

2.78 


4 81 

m 

0.17 

1.43 

2 

Roiae.... 

II 

6 

ib) 

476 


1.75 


6.69 

■ia 

0.13 

I.IO 

3 

Raise- 

MEM 

5.5 

Ir) 

22 

IkI 

3 36 


. • • 


» • i « 

• • • * 

4 

Raise . 

II 

03 

id) 

629 

119 

5.56 


5.27 

0 79 

0.16 

1.36 

5 

Winze.., 

■H 

5 

(a) 

96 


1.95 


7,30 

0.48 

0.13 

0.80 

6 

Wiese... 

II 

6 

(e) 

58 

0.74 

3.30 

t illll 

7.17 

1.13 

0.12 

0.99 

7 

Winze.. 

II 

6 

if) 

40 

0.94 

1 20 

0.018 

10.71 

1.66 

0 08 

0.67 

6 

Winze. 

II 

6 

id) 

421 

0 76 

4 46 

0 068 

5 23 

1.21 

0.16 

1.21 


* Driven by machine; all others, hand-drilling, (a) Friable quarts, (b) Fairly hard quarts, 
(e) Fairly hard andesite, (d) Hard quarts, (e) Moderately hard ah^e. (/) Hard andesite. Ventila¬ 
tion poor in No 1,3, 7; fair in No 4 and 8; good in other openings. 


(i. L. Srhmutx in 1920 (523) rives com¬ 
parative data in Table 22 for powder con¬ 
sumption in hand- and machine-drilled raises 
and winzes at a Mexican mine. 

More careful control cut the aver pow¬ 
der consumption per ft in hand-driven 
winzes to 2.92 lb, in Land raises to 3.02 lb, 
and in machine-driven raises to 6.08 lb. 


23. WmZES , 

General. Work is same as for sinking small shafts (Rec 7). Hoisting is done by 
w'indloBs, to small depths. Below 30-50 ft, 2 men arc required, and small air or elec hoist 
is best (^c 12, 15, 16); in some regions this may entail'hiring of certificated engineman. 
In U S, winzes are less common than raises and are seldom for other than exploratory pur¬ 
poses, as tiiey incur expense for hoisting and possible pumping, and can 1% advanced leas 
rapidly. In So Africa, Mex, and wherever native labor is familiar with underhand work¬ 
ing, winzes are commoner. Tliey are sometimes drilled by hand, but usually with jack¬ 
hammers, making an end or center-wedge cut like those in shafts. Examples follow. 

Edwards zinc mine, N Y, sunk a 10 by 7-ft winze, inclined 42°, 300 ft through silicified 
dolomite footwall (253). Round of 33 holes, of which 8 formed a center-wedge cut about 
6 ft deep, was driUed by 3 men, 1 with a mounted jackhammer and 2 with unmrmnted 
sinkers, on day shift. Same crew laid track of 30-lb rail on steel ties fastened to footwall 
by 1.5-in pins; permanent track ended 20-40 ft from bottom, slide rails spanning the in¬ 
terval; protective bulkheads were built CO ft apart. No timliering required, but hoist 
compt was separated from ladderway by stulls and plank. Round ebarg^ with 100 Ib of 


Table 22. Lb Powder per Ft Advance 
in a Mexican Mine 



Raises 

Winzes 

Hand 

Maohine 

Hand 

Machine 

Minimum 

3.0 

3.0 

3.0 

3.0 

Average 

4.5 

5.5 

4 5 

5 5 

Maximum 

7 0 

9 0 

7 0 

8 0 
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gdex, fired electrically with inatuitaneoua caps and 6 delasra, uaually broke 4.6 ft. Muck¬ 
ing done on night shift by 3 men, 2 shoveling into 1-ton skip, while 1 operated 50-hp 
elec hoist and trammed to shaft. 

Elkoro mines, Jarbidge, Nev. Entry ia through adits. Winzes up to 150 ft deep 
have been much used for both exploration and production; vein averages about 6 ft 
wide and dips 70** (112). Winzes have 2 timbered compartments, 4 by 4 ft clear, hoisting 
with single 24-cu ft skip which dumps into l(K)-ton pocket above tramming level. While 
sinking, a bucket, of 1 200-lb capac and sliding on round poles, is used. Table 23 gives 
costs per ft (1930) for sinking 646 ft of 7 by 11-ft winzes at 0.36 ft per man-shift in fairly 
hard ground, moving 2 665 tons of rock and ore. Wages, $5.25-5.50 i)er 8 hr. 

Table 23. Cost per ft of Winze Sinking, Elkoro Mines, Nev 


Labor. 

$15,146 

Man-hours: 



. 293 

Drillinff and blaRtini^. 

5 350 


.936 

Timbering. 

3.443 


.315 

Shovebng..... 

5 696 

Powfir. 

.434 

Hoisting and tramming. 

7.443 

ExpiosiveB (®23^ lb) . 

2.106 

Supervision. 

0 310 

Timber....... 

2.762 



Other supplies . 

.799 


9 177 

Outside, incl assaying. 

.463. 

Timber lin ft. 

3 065 

General exp. 

.565 


19.576 


$23 819 

Labor was 69.71% of total cost 


Mt Hope magnetite mine, N J. Ore ladow the 1 000-ft level is developed by inclined 
winzes, 8 ft high by 9-10 ft wide, pitching at 14°; rock, hard granitoid gneiss (529). Two 
150-lb drifters mounted on columns make a 22-hole round, in'cluding a 5-hole pyramid-cut 
al>nut 6 ft deep, wliich is then blasted with 100 lb of 40% dynamite. Mucking usually 
starts in same 8-hr shift and is finisheii, together with rail laying, in next sliift. Crew of 
2 drillers, 1 helper, 3-4 muckers, aver 4.8 ft advance in 2 shifts. Contract price, $11.75- 
$12.50 per ft, Co supplying all but explosives. Cost of 809 ft sunk 1930, $19.72 per ft. 

Tezuitlan mine, jKicbla, Mex, uses Avinzes sparingly to explore massive sulphide 
deposits (533); sunk 5 by 8 ft with j.ackhammers, hoisting in 250-lb buckets with air 
tuggers. Hoist coiupt, 6 by 5 ft, is separated from ladder-way by planked stulla. Cost 
per ft of 46 ft sunk ir 1930-31, at r.ate of ()..‘)9 ft per S hi, is compared in TaWe 24 with 
cost per ft of 862 ft oi raises, of same dimensions and timbering, advanced at 0.921 ft 
per 8 hr. 

Table 34. Winzes vs Raises, at Tezuitlan, Mex 



Winzes, per ft 

Raises, per ft 

Drilling and blasting... . 

8 101 man-hr 

US $ 2 540 

10. 880 man-hr 

U S $ 2.245 

Timbering. 

1 514 •• 

.472 

t.399 

.260 

Shoveling. 

15.482 “ 

4.652 

7.172 “ 

1.341 

Hoisting and trainnung.. 

12 737 

3.996 

13 470 " 

2.708 

Supervision. 

1.873 “ 

.551 

1.873 

.551 

Surface. 

. 

1 235 

. . . 

1.235 

Total latior. 

39 727 inaii-br 

$13,646 

34 794 inan-br 

$ 8.340 

Explosives (40% gel). 

10 978 lb 

2.503 

5.484 1b 

1. .250 

Timber. 

27 304 bd ft 

.758 

2b 2l2bdft 

.728 

Power (mainly air-comp) 

251.43 kw-hr 

.769 

188.58 kw-hr 

.577 

Other supplies. 


4 870 


2.960 

Total direct cost.. ,. 


$22 546 


$13 855 


For other comparisons between winzes and raises in Mexican mines, see Tables 21, 22, Art 22. 


Mexican Corp. Winzes proved more satisfactory and but slightly more expensive than 
raises for developing steeply pitching sulphide veins in graywacke and shales, at Fresuillo, 
Mex (535); this result is due partly to familiarity with jackhammers and scarcity of good 
timbermen. Winzes are 5 by 7 ft, and divided by stulls and planking into a 4 by 5-ft 
hoisting and a 3 by 5-ft ladder -ompt. Buckets, of 6.5-9-cu ft capac, sliding on 4 by 6-in 
skids, are hoisted with 7.5-hp elec, single-drum hoists. Contract prices (1935) were $5-$7 
(U S) per ft, to depth of 150 ft. 

Mtlsa mine, Queensland, sinks 5 by 7-ft untimbered winzes, usually to connect with 
raises from below, and seldom more than 75 ft deep* inclination, 58°-60°. Ore is diale, 
carrying sulphides. Jackhammer round, of 6 pyramid-cut and 10 wall and corner holes, 
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5 ft deep, tweaks 4-6 ft witk 30 lb of 60% and 20 lb of 40% gelignite. Windlass used for 
hoisting, as Qov't regulations require certificated engr for i>ower hoists, and he does 
nothing else. Of 3*man crew, 2 are at bottom while drilling, and at top while mucking (600). 

Alaska Juneau. Data from L. H. Metsgar in 1932. To develop the north orebody 
down to 1 000 ft below haulage level, 2 winses at 60° inclination were sunk through 
slates, gabbro, and quarts stringers (504). One, 7 by 11 ft, had two 4 by 4.5>ft compart¬ 
ments, the other, 7 by 13 ft, 2 hoisting compartments and a manway. V-cut rounds were 
drilled with wet jackhammers; 8 cnit holes were fired first with 40% gelatin and their 
muck hoisted before drilling rest of round. In smaller winse 3 men, in larger, 4 men 
drilled and blasted on one shift, and a like crew mucked into 0.75-ton buckets on next 
shift; another man ran air hoist. There were 3 shifts per day. Same crews placed 8 by 
8-in timber sets at 6-ft centers. Small flow of water was bailed by hand; ICi-in exhaust 
fans provided ventilation. For other data see Table 25. 

Table 25. Winze Sinking at Alaska Juneau 


1 

No 53 1 

(7X11 ft) 

1 No 9J 
(7Xl3ft) 


No 53 
(7X1110 

No 91 
(7XI3ft) 

Total depth sunk. 

1 100 fi, 

4 

488 ft 

5 

Costs per ft: 

Direct labor. 

$25.98 

2.22 

$29.94 

Av wages, contractors. 

$9.88 

$10.43 

Indirect labor and super.. 

2.55 

' * ‘ • others in shaft... 

5.50 

5.50 

Timber and hanger bolts . 

2.21 

2.89 

' * “ hoistmen. 

4.50 

4.50 

Explosives (22 lb in No 53) 

4.15 

5.66 


28 

34 

Other supplies. 

I.OI 

1.01 


0.89 

1.10 

Power. 

1.56 

1 25 

“ mach-Bhi{t.ft.. 
Advance per round, ft. 

0.95 

4.74 

0.68 

4.10 

Total cost. 

$37.15 

$43.30 


Winzes sunk with Calyx drill, United Verde mine, Ariz. Data furnished 1939 by C. E. 
Mills, Chief Engr. Calyx drilling at this mine has been for: (a) sinking vert waste chutes 
for filling stopes (Art 62); (5) ventilation openings, where vol of sir passed does not exceed 
60 000 cu ft per min; (c) exploratory shafts. 'I'hc Calyx is not intended to displace usual 
drilling in raises, and is not applicable to following of irregular orebodios; it is limited 
ftlgn to nearly vert boles. A drill making a 4-ft hole began in Oct, 1937, and to en’d of 
1938 made 863.5 ft, mainly on 1-shift (2 or 3-man) work; one hole, 241 ft, was for shaft 
development; another, 281.5 ft, for ventilation; and 4 holes were for passing fill. 

Calyx drilling of large holes is described in Sec 7, 9. Fig 168 shows arrangement in 
United Verde mine. Usual design of drilling barrel was improved by making it of 2 concentric 
0.5-in shells spaced s/s in apart by a filler plate slotted so as to deliver water and shot 
directly under cutting edge. Total equipment, incl rods, weighed 14 tons; cost, $12 800. 
For a 10-ft drill spindle, station excavation is about 22 ft high, 4 by 6 ft at top, and 8 by 
16 ft on floor. Spebd and cost. Footage per drill-shift depends on hardness of ground, 
its condition as to fracturing, cementing required, and vol of water raised. Badly fractured 
groimd, which can not bo cored or imlled, incurs delay for hand mucking. Best month's 
progress at United Verde, 133.5 ft in 51 shifts. Table 26 gives effic data and direct operat- 

Table 26. Data on Calyx Drilling of Winzes, United Verde Mine 


Typical time distribu¬ 
tion, aver ground: Drill¬ 
ing. 39.1%; Pulling rods, 
10.9%; P^ng core, 10.1 %; 
Mucking core, 14.6%; 
Pumping or bailing, 6.9%; 
Repairs, 0.4%; Miscella¬ 
neous, 4.8%: Delays, 0.6%: 
Lunch and changing shifts, 
12.6%; Total, 100%. 

(Note o). Usually 3 
men & aver 16 per shift; 
reduced to 2 men when 
drilling alone occupier, a 
whole shift or more. 


Aver coet of cutting etations. $345 

Aver cost oi moving and setting up drill ■ 285 


$ 

Aver 

ground 

Hard silir 
sulphide 

Aver 

Depth of holes, ft. 

281.5 max 

56.5 min 

144 

Footage per drill shift. 

- 2.76 

0.79 


Speed, in per hr. 

14.1 

1.57 


Drilling time, % of total. 

20.4 

72.2 


Shot, lb per ft of hole. 

22.8 

103.5 

40.7 

Bit wear, in per 100 ft of hole... 

6.6 

42.9 

14.9 

Direct operating costs, per ft: 
Labor (a). 

$6.62 

619.00 

$10.77 

Shot. 

2.92 

7 16 

3.18 

Other supplies. 

1.13 

0.07 

0.67 

Timber and cxploaives. 

. 18 

.05 

.10 

Electric power. 

.25 

.89 

.55 

Total. 

$11 10 

$27 17 

$15 27 
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ing floats. CRivr aovartaobs of calyx drilling (where i^plieable) compared with raising 
ore: (a) relative safety; (b) avoidance of dust and difficult ventilation; (e) in case of waste 
pames, no interference with stoping. Chief drawbacks are cost of cutting drill stations, 
moving and setting up equipment, and relatively high price of drill. 

Winzes sunk with Calyx drill, Butte, Mont. Data in 1930 from J. A. O’Neill, Eng 
Research Dept, and J. J. Carrigan, Gen Supt, Anaconda Copper Mining Co. At Butte, 
Calyx holes are used for ventilation during development of lower levels. On starring a 

new level from a shaft, a 



hole is drilled from the 
next higher level at a 
point 100 ft or more from 
shaft, and used to exhatmt 
air from lower level; this 
loaves the whole shaft 
area free to furnish fresh 
air, and eliminates parti¬ 
tioning it for up-cast and 
down-cast. A second hole, 
1000-2 000 ft farther from 
sliaft, or near the main 
orelrady, serves same pur¬ 
pose when development 
has proceeded that far. 
The first hole, near the 
shaft, may then be used 
for pipes or other service. 
Holes are 100-150 ft deep, 
and can pass 20 000 cu ft 
of air per min by using a 
high-speed fan. 

The drill bit used at 
Butte is 33 in diam, over¬ 
all length, 6 ft; rotated at 
100 r p m by a 30-hp elec 
motor. Equipment in¬ 
cludes a single-drum air 
hoist for handling pumps, 
mucking bucket and ce¬ 
menting ring. Two sizes 
of shot used: f/is-^/s-in in 
soft groimd, and l/is-in or 
finer in hard ground. The 
bit developed at Butte 
consists of a cast-steel 
cutting shoe with 1.25-in 
wall, having shot tubes ex¬ 
tending from tops of slots 


in the cutting shoe to top 
of core barrel; this avoids 

Fig 16S. Set-up of Calyx Drill, United Verde Mine, Jerome, Aris introduction of riiot be¬ 


tween inside of bit and the 


core. A special hoisting bail, for pulling bit ovt of the hole, has an air connection which 
admits air under press and assists in raising the bit to the water level in the hole. Water 
is pumped from the hole by a high-head, single-stage centrifugal air-driven pump, using 
3-in fire hose for discharge, and 1-in air hose for power. Mucking of broken cores is done 
with short-handled tools and a special bucket. Solid cores are handled as usual, with 


a core puller when netv.'isary. In weak ground, walls of holes are cemented witii quick- 
setting cement, using a ..'oliapsible steel-ring form 4 ft high, thus avoiding re-drilling of 
cemented sections. DrilUug sfutinn is usually a crosscut from main drift; floor area, 
about 13 by 14 ft. To pull aud store 20-ft rod sections, an excavation 23-25 ft high and 
7 by 7 ft horiz sec is necessary over the hole to be drilled. Opbratino ctclb: (1) drilling; 
(2) pumping; (3) pulling core or mucking; (4) cementing if required. Drilling (incl 
pulling bit) takes about 40%, pulling core and mucking about 30%, pumping 10%, 
oementing 10%, and misc work (delhys and repairs) about 10% of total operating time 
after drilling begins; these figures vary considerably from hole to hole, depending upon the 
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kind of ground, amount of cementing reqxiired, and water encountered. In bard ground, 
drilling speeds of 10-12 in per hr have bwn made. Shot required, 11-25 lb i>or ft. Be* 
tween 1.6 and 3 ft of hole is finished per shift. Cost per ft of hide, $15 to $26, incl cost 
of machine, installation, and operation. 


EXPLOITATION 

24. GENERAL CLASSIFICATION OF MINING METHODS 

Fundamental differences between underground methods of mining metals and coal, 
and between placer and other forms of surface mining, suggest the following general- 
classification: 


I. Underground Metal-mining Methods. (Art 26 to 93) 

II. Open-cut Methods. (Art 94 to 101) 

III. Coal-mining Methods. (Art 102 to 111) 

IV. Placer-mining Methods. (Art 117 to 131) 


26. CLASSIFICATION OF UNDERGROUND METAL¬ 
MINING METHODS 

General. These methods are based largely on Ihe means of supporting the countbt 
BOCK, and the ore itself, during stoping. Timber is generally required for auxiliary or 
temporary support. In some cases, timber is used only locally, to sutiport men or slabs of 
rock or ore; in others, large amounts arc employed, as an integral part of the metliod. 

General plans underlying most of these raining methods are: (a) Surface and over- 
lying rocks are supported by permanent piluars left in the orebody; chambers or stopes 
are excavated between pillars, the removal of the ore being incomplete, (b) Chambers 
are excavated in the oreljody, with or without use of timber, and filled either contempo¬ 
raneously or subsequently with waste (as broken rock, sand or gravel). Under the sup¬ 
port afforded by filling, the pillars are mined; filling, if contemporaneous, serves a^ 
to BupxKirt men and stope walls during mining, (c) A small section of the orebody is 
mined and overlying material allowed or forced to cave, the process being repeated in 
adjacent sections. Or, successive portions of the deposit are undermined and then 
broken down by weight of the overlying rucks, sometimes assisted by their own weight. 
Caving methods make no attempt to support the surface above the deposit. 

These general plans are combined and varied in many ways. In veins or masses, 
the blocks of ore between levels are usually mined in descending order; to facilitate 
supen/ision, stoping is concentrated on as few levels as possible; number of levels (lifts) 
worked simultaneously depends on the size of deposit, distribution of "pay" ore, and 
output required. In large, vmifonn deposits, the ideal procedure is to develop one lift 
while that above is being mined, and at some time to sink the shaft to the level below. 
Relative times required for these 3 operations, together with the nature of orebody, 
determine sequence and extent of development work in advance of mining. Develop¬ 
ment on a level is often not completed before sloping has been started on that level. In 
flat beds, mining and development may proceed almost simultaneously, the workings 
being extended outward in hU directions from point bf entry; such methods are called 
ADVANCING BYBTEMB of mining. In RETREATING SYSTEMS, development openings are first 
driven to the property boundaries, where mining begins, the working faces being carried 
back toward point of entry. These terms apply also to work in veins and masses. 

Factors determining applicability of underground metal-mining methods: shape, rise, 
regularity, and dip of orebody; mineralogical character and value of ore; distribution of 
pay ore; strength and physical character of ore and of wall rock or overlying material; 
relation of deposit to surface and to other orebodies and to existing shafts on same property; 
class of labor; avoilabilitgr, character, and coat of tunber and material for filling. 

These factors are interdependent and of varying importance. The method chosen 
must be safe and should give maximum profit and extraction. Last 2 factors are closely 
related, since a methnl which sacrifices part of the orebody often sdelds maximum total 
profit. High-grade orebodies usually call for some form of a selective and relatively high- 
cost method of mining that results in max extraction. Low-grade orebodies usually call for 
low-cost methods, which may yield a relatively low extraction. If possible, such methods 
should be so planned that low-grade ore and pillars, left on first working, may be recovered 
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in the future if desired. Improvements in mining and metidlurgical proceeaes oonstandy 
tend to lower the tenor of profitable ores. Moreover, extended periods of high prices of 
metals may permit profitable mining of ore left standing in times of lower prioes. 

Classification of underground metal-mining methods. A logical classification, based 
on the factors outlined above, is impossible, because of their complex relations. Ttfs 
OF STOFE is used here as a basis of classification; the stopes thmnselves are grouped, accord¬ 
ing to modes of supporting walls and men, as follows; 

I. Open Stopes. (Art 29 to 44) IV. Shrinkage Stopes. (Art 67 to 69) 

II. Timbered Stopes. (Art 45 to 67) V. Caving Methods. (Art 70 to 82) 

III. Filled Stopes. (Art 59 to 66) VI. Combined Methods... (Art 83 to 88) 

This arbitrary ulassiGcation is adopted for presenting the details with a minimum of 
duplication. For more detailed classification of metal-mining methods from standpoint 
of their applicability to different types of orebody, under different conditions as to char- 
&cter of ore and wall rocks, see Art 93. 


26. BREAKING GROUND IN STORES 

Breaking ground covers the work of blasting, including locating, drilling, charging, 
tamping and firing drill holes. For charging and firing, and choice of explosive for 
different kinds of work, see Sec 4 and 5. 

Fig 169 shows a drill hole AB in vertical section; top A and bottom B of a hole are 
called its cougar and toe. Holes pointing downward arc dow'n hoi:.es or water holes, 
water being usually kept in them w'hile drilling; horiz holes, or those at 
a slight angle above or lielow, are flat holes (FT, Fig 173); holes 
drilled steeply upward are i'ppehs {UP, Fig 173); flat holes which will 
not hold water, and uppers, generally were called dry holes prior to 
development and general use of ‘*wet” stoper and hammer drills (see 
Sec 15). In Fig 169, the rock surfaces CD and DG are free faces, and 
EF is the line of least resistance of hole AB. Length of line BG, 
at right angles to AB, is the burden on the toe of the hole. (For 
further data on blasting, and remarks on Theory of blasting, see Sec 
5). In practice, the arrangement of holes and weight of charge are 
matters of judgment, liased on experience under similar conditions and 
modified by experiment with the rock or ore to lie broken. Method¬ 
ical placing of holes, guided by a mechanical device (.Art 33), improved stoping eflfio 
in certain So African gold mines; adjustment of the device is based upon experiment. 

Breast stoping. Ore is broken by flat or slightly inclined holes, drilled in a vertical 
face (or breast) of considerable lateral area, which is bt'ing advanced in a horiz or nearly 
horis direction; work resembles that of advancing the face of a very wide drift. This 
method is used in flat, thm beds; also in parts of masses or wide veins, to provide openings 
for oHier methods of attack (Art 30). 

Slabbing is a term often used to des¬ 
ignate breaking ground by taking a slab 
off a free face as at A, Fig 170. It is also 
called SLASHING or sideswipino. 

Underhand stoping. Ore is broken in 
horiz slices, in descending order; miners 
stand on ore and drill holes downward; 
for different forms of stope which result, 
see Fig 205 to 211, Art 35. Certain applications of underhand stoping ore called bencbino. 
See Fig 182, 183, 188, and accompanying text. 

Overhand stoping. Ore is broken in horiz or inclined slices, in ascending order; miners 
work beneath and close to back of stope; holes may be flat, uppers, or down holes. For 
different forma of overhand stope, see Art 38, 39. 

Underhand and overhand methods are employed under widely different conditioiu as 
to size and nature of orcb<.>dy; in both, the stope faces arc usually maintained in steps or 
benches (Fig 205, 222, 224). Ore is blasted in blocks from free ends of benches; in nearly 
all cases there at least 2 free faces, to which a hole can break. 

Caving (Art 70-82). A portion of the orebody is undercut and allowed to faU and crush 
under its own weight. 

Objects sought in breaking ground are: (a) to break ore h-om stope face; (5) to break 
ore into pieces of a size suitable for handling. 
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Veiy' l«rfe pieces of ore dog chutes a&d mill-hoiee and can not be handled in cm; 
they must often be broken in stopes by sledging or sijOcptouNO (Sec 5), thus requit^ 
additional labor and explosive. On the other hand, while shallow holes, dose q)aoing 
of holes, and Ugh grades of dynamite, all produce fine breaking, they do so at greate 
cost. These factors are usui^ easily adjusted in narrow stopes; in wide deposits 
and in large^cale operations, tendeniy is to increase depth and spacing of holes and to 
tdookhole large lumps (extreme case, Fig 174). Use of large loading chutes and gates 
(Art 90), large mechanically hauled and dump^ cars, and primary crushers underground, 
permits coarser primary breaking and reduces amount of UookhoUng. Ideal practice is 
that in which cost of breaking from face plus cost of blockholing to a aise that can be 
efificiently handled is a minimum; plans adopted depend on costs of labor, ejqplosive and 
power; the jackhammer drill has greatly cheapened blockholing. In general, breaking 
U ore in stopes to a smaller sise than necessary for handling should be minimised. 

27. BREAKING GROUND IN STOFES BY HAND DRILLING 

GeneraL Conditions for hand drilling: (a) in narrow veins, for breaking ore with 
minimum admixture of waste; often, narrower stopes can be carried by hand than by 
machine; stope-drills compete with hand drilling in this respect; ( 6 ) in mines of small 
output, usually of high-gr^e ore, where tonnage does not justify cost of compressor and 
machine drills; (c) where power is costly and labor is cheap and unskilled; such con¬ 
ditions led to former extensive use of hand drilling in the Rand mines (Art 33) now almost 
completely replaced by jackhammers; (d) in very soft ores, where hand auger drills may 
be preferred to power augers or pluggers with auger bite; (e) in the eM’ly life of mines, 
where stoping is started to provide funds before exploration has proceeded far enou^ to 
warrant i(u*ge investment for plant: (/) for various local reasons, as; 

At a mine in Park City, Utah, ore was sorted in largo stopss into smelting and milling gradsss 
drilling WB8 easy and band work favored because it allowed oareftd breaking, which aided eorting. 
At another mine, orebody wae eo flat and thin that machine drills could not be used and moat drflling 
waa done single-hand. At the old and extensive mines of Potosi, Bolivia, newer workings have mod^ 
ern equipment. Amounts of ore left in old levels do not justify cost of installing air lines, hence, snob 
ore is still mined by hand drilling. Before introducing wet atopen at Tintio, Utah, hand drilling was 
used to reduce dust in mining soft galena oree, which entail^ danger of "leading” the mineis. 

Siiigle-luind drilling is done in medium hard ore, a minet drilling 4 to 7 ft of hole per 
shift; speed of drilling varies widely with character of rock; in many districts, men on 
day’s-pay drill a certain number of holes or footage and no more, reganUess of kind of ground. 

Fastest drilling is usually done in vert water-boles, speed decreasing m inclination of 
hole flattens and is least for horis boles or flat uppers. Speed increases in steep uppers, 
provided: (a) ground is dry, eo that cuttings run out freely; (b) skilled hammermen are 
available; (c) there is room for miner to get a full arm swing. These relationships vary 
with the rock, and should be considered in plsiuiing stoping operations. Speed of drilling 
deoreases with depth of hole. Economic limit for single-hand boles is about 3 ft; lumal 
depth in stopes, 2 to 3 ft; 3.6 to 4.6-lb hammers are used; drill steels, 8/4 to 7/g in (See 6 ). 

Double-hand drilling is done in hard ground; increase in speed is not proportional to 
increase in labor. It is best applied to nearly vert down holes, as in underhand stopes; 
rarely used for systematic stoping work in U S. Drill steel, ^/g to ll/g in; hammers, 6 to 
8 -lb; ordinary depth of boles, 4 to 6 ft. 

In very soft ores, churn drills (jumpers) or hand-augprs are more effic than angle-hand 
work (Sec 5). Churn drills are best in down holes, and under suitable conditions will 
do faster work than any other hand drill; they have a very limited application in stoping. 
Augers are used for breast and down holes; both auger and churn drills require soft ore, 
free from hard streaks or nodules. Where the latter aih present, or where the ground 
"ravels," bits with pyramidal points (“brill points") struck with a single or double-hand 
hammer are sometimes used to break up such obstructions. Layout of hand-drilled holes 
is similar to machine drilling (Fig 171-175); stope faces are carried in benches 2-3 ft high; 
holes are roughly parallel to free faces, but work is not systematic, since a hand minay 
utilises slips and irregularities of face to aid in breaking ground; hence, consumption of 
explosive per ton broken is usually less than with machines. 

Minimum width of stope that can be carried by hand drilling is usually 2.5 ft; narrower 
stopes may be possible in thin, steeply dipping veins, with well marked slips on vein walls, 
but men work at a disadvantage in them; min limit of width is increased by flat dips. 

Data OB Btopiag by hand drilliiic. Following data, though old. still illustrate duty of labor jn such 
work; tbs number of skilled hammermen in the U S has decreased greatly in the past 20 years. 
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Btakdabp Conboudatss unni, Bodio, CbI. C. £. Orunaky cimM foUoviag daU (or 1012 (S4 a 
N arrow auriferoua veina ooour in firm, fairly hard andaalte. Aa dipa warn ataep, thera waa no han* 
diins in atopea moept for afiovalins to ohutaa. Vain matter waa hard banded to at^t, poroua, granular 
ouarta; aomatimee a aoft olay, containing quarta etringera. Drilling waa aingla-^hand. Stopea were 
back-filled with waate. asoeaa waate being hoiated to aurface. Stopea were kept aa narrow aa poaalble; 
Tninimiim width, 1.5 to 2 ft. Table 27 ahowB effaet of width of vein on output per man atoping; it» 

baaed on tona ore, not on tone of vein and 
wall-rook broken. Aver powder conaumption 
waa about 2.4 lb per ton broken, and in 
veina with hard ore and walla it axoaeded 
3 lbp«ir ton. A bhau, Mkxicam iohx. Data 
from R. H. Allen (129). Vein, 10 to 80 ft 
wide: foot wall, atrong rhyolite breccia; 
hanging wall, badly broken andeeite; aa 
ore waa aoft or cut by olay aeama, it re¬ 
quired but little ezidoaive. Overhand atopea 
were aupported by aquare-eeta (Art 45), 
filled with waste to within 1 floor of the 
back; vein was mined in 15 to 24-ft aac- 
tiona, along strike. All labor was Mexican; 
single-hand drilling; 0-hr ahifta. Figures 
cover 7 months of 1012, during which time 
17 253 tons of ore were mined. Table 28 
gives details. Bebuw, Nkv. Very hard 
quarts vein, carrying gold and sUver; aver 
width, 2.4 ft; dip, 22” to 43”; wall roeka, 
atrong andesite; vein mined by overhand stoping in open stopea; very little wall rook waa broken; 
drilling was single-hand, holes flat or pointing slightly down. A miner averaged 3 20-in holes per 
8-hr shift; 33.0 pieces of drill steel dulled per mmer-ehift. In Apr, 1905,948 tons ore were brcdwn in 
809.25 miner-shifts » 1.16 ton per shift. Dalt Jvsoa suKa, Park City, Utah. In 1907, single-hand 
miners averaged 12 ft of hole per shift in soft ore and 6 ft in quarteite. Tintio, Utah. L. A. Pal¬ 
mer givee data on work in 1912 (1.35). At biouz Consol mine, much ground was so soft that holes 
for blasting were made by a pointed 
steel (‘*bull-priok''); 1 man broke 25 
tons per shift. At Iron Blossom mine, 
in overhand square-eet etopee, medium 
hard ore, 1 single-hand miner broke 7 
to 10 tona per shift. FbaNzlin Fub- 
KACB, N J. Before machine drills were 
introduced, 2 men, drilling double¬ 
hand in ora like tough limestone, put 
in 3 holes totalling 8 ft per 10-hr shift, 
breaking about S tons, or 4 tons per 
miner-shift (98). Nboaunbi, Mich. In 
1904, speed of drilling 5-ft water holes, 
double-band, in soft hematire, was 
about 4 ft per hr; bands of jasper in 
the ore reduced speed greatly (136). 

Catoub uihb, Virmnia, Minn (in 
1914). Ore was softj hematite, eome- 
what harder than usual Mesabi ground. 

2 miners with hand augers made 5 6-ft 
holes in about 2 hr. Air-driven augers 
averaged 1 ft iier min (137). Bbitish 
CoitCMBiA. Double-hand drilling of 
6-ft water holes in firm augite por¬ 
phyry; starting bit, 1.75-in; finishing 
bit, 1.25^n; 7/g-in steel. 2 men aver¬ 
age 14.8 ft of hole pnr 10 hr (133). 

Bbadbm Coppbb Co, Rancagua, Chile. 

In 1009 native miners averaged 13. S 
ft of holes per 9 hr, single-hand; ore 
ia fraotured and' breceiated andesite 
and tuff, moderately hard (138). £i< 

TioBs hihb, Sonora, Mes In vert (a) Proportionate part of bosses’ time, (b) Shovders ia 
quarts veins about 4 ft wide, Mexican gtopes. 
contract labor, drilling aingle-hand in 

overhand atopea, put in about 10 ft of hole per abift. So Awbica. Before introducing jaekhammcre 
in Bend gdd mines (about 1920), moat drilling in reefs leas than 5 ft wide was done single-hand, in 
down bolea, with I/gdn steel. In bard, unozidiaed ore (Art 33) a Kaffir "boy” made 1 3-ft hole per 
ebift, breaking about 0.6 ton ol ore;) in?atop^ leaa than 3 ft wide, holee were usually 2 ft deep; in 
soft oxidised ore, drilling rate was doubled. Rhodsha. Quarts veina dip 65”. Native single-hand 
drillers make about 2 ft of hole per shift in hard quarts. Stoping is generally underhand; boles, 2 
to 3 ft deep: a 2-ft bole in a stope 4 ft wide breaks about 0.0 ton of ore, if stoiw (aee is welt 


Table S8. Overhand Stoping by Rand; 
Mexican Labor 



Total 

shifts 

Shifts 
per ton 

Tons per 
man¬ 
shift 

Shift bossee (a). 

236.85 

0.0138 

72.80 

Miners. 

3 488.33 

0 2021 

4.94 

Shovelwa (b). 

1 382.40 

0.0802 

12.48 

Powder boys. 

311.25 

o.oteo 

55 40 

Blacksmiths. 

163 50 

0.0095 

105.50 

Total. 

5 582 33 

0.3236 

3 09 


Quantity 

Tons 


Total 

Per ton 

per unit 

Dynamite, 40%... 

t 194.31b 

0.0692 

14.49 

Fuse. 

7 626 0 ft 

0.454 

2.20 

Caps. 5 X. 

4 162.0 

0.241 

4. IS 

Candles, No 15 L.. 

28 800.0 

1.67 

0.60 

Carbide. 

98.01b 

0.0057 

176.0 

Drill steel. 

no.oib 

0.0064 

155.3 

Pick steel. 

3.61b 

0.0002 


Hammers. 

4.0 



Shovels, No 2D.... 

34.0 

0.002 

507.0 

Picks. 

6.0 

0.0004 


Handles. 




Blncksmith coal .,, 

4 090 lb 

0.237 

4.22 


Table S7. Overhand Stoping by Hand. 
Harrow Veins 


Width of vein, in 

Vein 

filling 

Dip of 
veia 

Tons ore 
broken 
per 
man¬ 
shift 

Aver 

Variation 

From 

To 

3 

5 

5 

8 

9 

12 

18 

26.5 



Hard 

Hard 

Soft 

1 Medium] 
j bard j 

Hard 

Soft 

Steep 

Steep 

Steep 

Flat 

Flat 

Steep 

Steep 

Flat 

0.38 

0.42 

1.21 

0.91 

0.99 

1.46 

1.44 

1 91 

4 

4 

3 

6 

8 

14 

9 

6 

6 

17 

13 

18 

20 

42 
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banekcd <13^. Bomha. Etdariiiitky gdd miaM (1910). Qiutrta vdna 9 to 7 ft wide, dipping 28” to 
71”, oeottr in gnnoditarita. In hand^ininod 2 native miners, worliing doublo-band on a bonus 

ayatem, drdled up to 10 ft of hole per 8 hr. Min task par shift was 4.42 ft of horia hole in ovw 
hand sAopes, or 6.83 ft of water bole in underhand atopea. Vs^n ateel waa used, with outting 
edge from 1 to 1.6 in (140). Cbiuuh wirBs, Kwm On 1014). Gold ore oooura in shoots in 4 
to 8^t quarts veins, dipping 65” or over; country rocks, schist and granite. Korean oontraet 
miners, working overhand in shrinkage stopea, drilled 4 ft of hole per shift, breaking 0.8 to 0.67 
t(m per man-shift; consumption of 60% gelignite was about 0.4 lb per ton (87). 


28. BREAKING GROUND IN STORES WITH MACHINE DRILLS 

(For definition of names of machine drills aa used here, see Art 20) 


Breast atoplng. See Art 30. 

Underhand stoping (see also Art 35, 36). Fig 171 shows 1 bench of an underhand 
stope. All holes are down holes, usually in rows across the stope. Jackhammers are 
commonly used for this work, but occasionally mounted hammer drills are preferaUe; 
the latter are mounted on tripods in wide stopes or on bar mounting in stopes up to 8 or 
10 ft wide. Height of benches depends on width of stope, nature of ground and siae 
desired for broken ore; depth and spacing of holes vary widely, depending largely on 




Fig 173. (In wide stopM, this 
is a vert, longit sec; in narrow 
veins, a sec in plane of vein) 


last two factors. High benches can not be broken efficiently in narrow stoi>es; usual 
height in stopes up to 10 or 15 ft wide is 5~8 ft. 

Usual limit of depth of hole by either heavy mounted hammer drills or jackhammers, 
16-20 ft. Deep holes make for cheap breaking; objections to them: (a) long steels are 
awkward to handle; (5) ore may break in large pieces difficult to handle ^ong stope face. 
Objection (a) has been overcome in some mines by jointed drill steel. Objection (5) may 
not be serious; deep holes usually make steep stope faces, whore large pieces come to rest 
at foot of bench convenient for blockholing. Usual depth of holes in wide underhand 
stopes is less than 12 ft. Burden broken with holes as in Fig 171 depends on local con¬ 
ditions and must be determined by trial. In easy ground, max distance between holes 
and between rows of holes is 0.75 to 1 X depth of hole (Art 26). In tight ground, at 
AlaskorTreadwell, 12-ft holes were 6 ft apart in rows 2.5 ft apart, and staggered as in Fig 
172 (133). For further detail, see Breast stoping. Art 30. 

Overhand stoping comprises STnppKD-FACB and flat-back stopes (Art 38). Fig 173 
shows a stope face. Benches are broken by flat (breast) holes, running across stope, aa 
FT, or by uppers, UP. Uppers pointed as at JC cause cuttings to fall clear of drill. In 
narrow veins, uppers are parallel to dip to avoid breaking into walls. For safety and 
economy, stope face should be kept normal to dip. 

Uppers vs breast holes. In general, uppers are morft apt to make a ragged stope back 
than breast holes. With breast holes, miner is less exposed to danger of ground fidling 
from jar of machine. Hence, for safety, breast holes are preferable in wide stopea. In 
schistose ground, choice may depend on direction of sohistosity, because in some mines 
holes parallel to it are difficult to drill and break badly. Improvement of stopers in recent 
yean, including automatic rotation, makes uppers preferable where ground conditions 
allow their use. Stoper drills avoid the loss of time in setting up and "tearing down” 
mounted drills. Less skill is required to operate stopers than mounted drills. 

Uppera are common in overhand narrow stopes on steep dips; breast holes are used 
in such stopes on low dips. This is true of both hand and machine drilling; type of drill 
used also affects choice (see below under Choice of drills for stoping). Uppers may be 
drilled with either mo'jnted hammer or stope-drills, usually the latter; breast holes, with 
hammer drills, which, in stopes up to 8 or 10 ft wide, are mounted on bars; in wider stopes, 
usual mounting is a coltmm brai^ between back of stope and filling or timber. 

Height of bench in machine-driven, overhand stopes depends on same factors as for 
^j nd«irlntiid work. In narrow stopes, bmebes are 3-6 ft high; in wide stopes, breast-hole 
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Tabl* 19. Broakinc Orooad la 


Ex* 

Ample 

Mine and looation 

1 

Type of ore 

Dip 

Stoinng method 

VTidth 

of 

stope, 

ft 

Drilb 

Typo 

1 

Scott, HodcwriDe, Okla . 

Mainly hard flint 

Sbr 

Breast and 







bench 

8-120 

Drifter 

2 

Mullen, Shulbbuix, Wie.. 

Soft to wed 


Breast and 





dolomite 

Hor 

bench 

8-100 

Jadchammer 

3 

Bonne Terre, Bonne 



Breast and 




Terre,'Mo. 

Dolomite 

Hot 

bench 

15-300 

Jackhammer 

4 

Museoda No 6, Bee- 

Hard ooli tie 


Room and 




eemer, Ala. 

hematite 

15* 

pillar* 

MO 

Drifter 

5 

Limeetone No 5, Bee- 



Room and 




eemer, Ala. 

Hard limestone 

17° 

pillar* 

30 

Drifter 

6 

Empire Star Group, 

Quarts veins in 




Stoperand 


Graae 'Valley, Oal .... 

diorite 

15°-35° 

Open overhand* 

4-5 

jackhammer 

7 

Con^omerate, Calumet, 

Febitic 






Mich. 

conglomerate 

38° 

Open overhand 

* 

Drifter 

S 

Ahmeek, Ahineek, Mich.. 

Amygdaloid 

38° 

Open ovtfhand 

37* 

Drifter 

9 

Lake Shore. Kirkland 







Lake, Out . 

Hard porphyry 

80° 

Open overhand 

6 25 

Aut-rot stoper 

10 

1 Lloyd lahpeming, Mich . 

Med soft hematite 

70° 

Sub-level 

1 






stnping 

30-70* 

Jackhammer 

II 

Hiawatha No 2, Stam- 



Sul>ievei 


Drifter and 


baugli, Mich. 

Hard hematite 

45°-90° 

stoping 

50 

jackhammer 

12 

Batee, Iron River, Mich.. 

Hard hematite 

70°-90° 

Sub-level 


Drifter and 





stoping 

50 

jackhammer 

13 

Balmat, Balmat, N. Y.. 

Mam sulphides and 


Sub-level 





altered limestone 

30°-90° 

stoping* 

30-100 

JackliBnunnr 

14 

Home, Nwanda, Que .. 

Massive sulphide 

90° 

Sul>-level 







stoping* 

60 

Drifter 

15 

Horne, Noranda, Que- 

Hard rhyolite 

90° 

Sub-level 







stoping* 

105 

Diamond drillf 

16 

Burra Burra, Duoktown, 

Hard ma.ssivo 


Sui>-level 


Drifter and* 


Tenu. 

sulphide 

50° 

stoping 

KMO 

jackhammw 

17a 

Flin Flon, Flio Flon, Man 

Massive sulphide 

65° 

Sul>-level 







stoping* 

30 

Drifter 

17b 

Fiin Flon, Flin Flon, Man 

Massive sulphide 

65° 

Sub-level 







stoping* 

30 

Drifter 


Sullivan, Kimberley, B C 

Massive sulphide 

23* 

Spiral bench 







glory-hole 

60 

Drifter 

19 

Idaho Maryland, Graae 

Medium hard 






Valley, Cal. 

quarts 

50°-80° 

Shrinkage 

3-6 

Aut-rot stoper 

Ea 

Dome, So Porcupine, Ont 

Hard quarts- 







ankeiite dike. 

65* 

Shrinkage 

5 

Aut-rot stoper 

21 

Nevada>Maa8, Mill City, 

Massive garnet, 






Nev. 

scheelite, etc 

70* 

Shrinkage 

5-6 

Drifter 

22 

Frisoo, Chihuahua, Mex 

Hard missive 







sulphide 

60*-70° 

Shrinkage 

to 

Drifter 

23 

Zeibright, Nevada City, 

Tough, nlioeous 






Cal. 

dike 

80* 

Shrinkage 

10* 

Aut-rot stoper 

24 

Mt Hope, Mt Hope, NJ . 

Massive magnetite 

70* 

Slirinkage 

IS 

Jackhammer 

25 

Dome, So Porcupine, Ont 

Hard quarts and 






1 

greenstone 

90* 

Shrinkage 

25-100 

Drifter 

26 

Homestake, Lead, So 







Dak. 

Hard schist 

60* 

Shrinkage 

60 

Drifter 

27 

Creacent, Kellogg, Idaho. 

Hard sidcrie and 







quar^-ite 

65*-80* 

Hor eut-and-fill 

4 

Aut-rot staper 

28 

KLttahambre, Pinar del 







Rio, Cuba. 

Missive sulphide 

45* 

Hor ottt-and-fill 

fr-IO 

Jackhammer 

29 

McIntyre, Schumacher, 







Ont. 

Hard quarts 

Steep 

Hor out-and-fill 

12 

Drifter 

Em 

Holhnger, Timmins, Ont.. 

Schist and quarts 

70*-80* 

Hor out-and-ffll 

12 5* 

Drifter 
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Slopes by Msehine Drtlliag 


DrUb 

Depth of 
hole, ft 

Ft hole 

Tons 
broken 
per drill- 
shift 

Explosive 



Mounting 

per drill* 
■hift 

Type 

%Ngt 

Lb per 
ton 

Notea 

Color tripod 

6 A 14* 

40-80 

54 

Am or gel 

35-30 

1.17 

* 6 ft in heacfings; 14 ft in 
benehes;bettoh holes horis. 

Imptoriwd 

board 

6 A 14* 

60-140 

40-45 

Bulk powder 
and gel 

35 

0.89 

frequently ohambered. (Art 
31) 

* Same as preoeding 

Col in bnart, 
none on bench 

9-10* 

95 

75 

Oel 

60 

0.37 

* Breast and bottom bendi 
holes boris; upper bench 

Tripod 

8 5 • 

100 

75 

Am 

40 

0.75 

holm vert. (Art 31) 

* Rooms mined by breast 
and bench. (Art 40) 

Tripod 

85 

100 

70 

Am 

60 

0 58 

* Rooms rained by breast 
and bench. (Art 34) 

Co) 

S 

35-50 

14 

Gel 

35 A 40 

2.6 

* Stopes baek-filled. (Art 
39) 

Col 

8-9 

50-60 

30 

Get 

40 

09 

* Lode 12 ft tniek (Art 39) 

Col 

7 

60 

22 

Am 

66 


* Lode 7 ft thick. (Art 41) 

None 

7* 

51.3 

12.24 

Semi-gel 

70 

1.16 

* Holes vertical or nearly so. 

None 

fr-14 

SO 

35 

Dynamite 

40-60 

0.45 

* Sub-lcvd interval, 20 ft 

Col for drifter 

8 A 10* 

48 

35 

Semi-gel 

60t 

0.75 

* 8 ft in slice; 10 ft on u*h 
bench; 8 ft on o-b bench. 

Col for drifter 

6,8, A10* 

90 

150 

Seim-gol 

45t 

0.45 

t Bulk strength 
* 8 ft in slice; 10 ft on u-h 
bench; 6 ft on o-h bench. 

None 

10 

60 

38 

Semi-gel 

40 

0 51 

t Bulk strength 

* With underhand benching 

Col 

Mt 

50 

190 

Gd 

40 


: * With ring drilling, t With 
sectional steel. (Art 43) 

Col 

40-66 

25 

100 

Gd 

40 

0.20 

* With ring drilling, t "Proe- 
poctor" type. (Art 43) 

Col for drifter 

8-10 

64 

75 

Am 

40 

0.33 

* Slabbing with drifter; 
benching with jackham- 

Col 

7 5t 

70.5 

66 2 

Gd 

50 

0 59 

mer. (Art 43) 

*Data apply to sladiing. 
t Av; max, 10 ft. (Art 43) 

Col 

22A26t 

43 

225.1 

Gd 

60 

0 31 

*Data apply to benching. 
(Art 43). t AU holea 

Tripod 


100 

85 

Gd 

60 

1 

0.25 1 

chambered 

* Holes are lifters inclined at 
-1-40* 

None 

6t 

72 

14 

Semi-gel 

45* 

1 9 

* Bulk strength, t Holes axe 
vertical 

None 

8-10 

120-150 

45-50 

Dynamite 

40 

1.3 


Col 

7 

65 

14 

Gd 

0 

35 

1.8 

(Art 68) 

Col 

7 

54 

19 

Gd 

40 

1.4 


None 

8 

80 

35 

Gd 

45 

* 1 15 

• Varies 4-20 ft 

Air4edleg 

11.6* 

36.6 

82.4 

Gd 

40 

0.36 

* Av; some, 14 ft. (Art 68) 

Col 

10 

80-100 

60 

Gdand am 

40 

0.7 


Cd 

10* 

25 

25 

Gd 

40 

1.25 

* Flat holes with burdni of 
31/2 ft- (Art 68) 

None 

mm 


8 

Bemi-gd 

45* 

2 0 

* Bulk strength 

None 

IB 

52 

40.3 

Semi-gd 

45 A 60* 


* Bulk strength. (Art 62) 

Col 

IH 

87 

52 

Amandgd 

55 A 40 


(Art 60) 

Col 

m 

85 

37 

Am 

55 


* Av; varies 5-50 ft. (Art 62) 
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Table S9. Br«akiii( Ground in StopM 


Ex¬ 

ample 

Mine and location 

Type of ora 

Dip 

Stoping method 

Width 

of 

stope, 

ft 

Drills 

Typo 

31 

La Colonda, Cananea, 

Brecciated 

M 


■■■ 



Mei. 

porphyry 


Hor Gut-and-flll 

kS 

Drifter 

3Z 

Soudan, Soudan, Minn 

Hard hiWtite 


Hor out-and-tlll 

15-60 

Drifter 

33 

Murohie, Nevada City, 


Hhi 



Drifter and aut* 


Cal. 

Hard granodiorite 


Incl cut-and-fill 

4 

rot stoper 

34 

Wright-Hargreaveg, Kirk- 

Hard quartz and 






land Lake, Ont . 

porphyry 

75* 

Incl cat-and-fill 

6 

Drifter 

35 

Chamiiion. Paineadale, j 







Mich.1 

Bnsalt 

70* 

Incl cut-aiid-rili* 

12-30 

Drifter 

36 

Campbell, Bisbee, Ariz . 

Siiiueoua sulphides 

70“-90“ 

Incl cut-aud-GII 

30-48 

Drifter 

37 

UniM Verde, Jerome, 

Hard sulphide or 



4 



Ariz. 

porphyry 

65“ 

Incl rut-and-nil 

30-50 

Drifter 

38 

Lake Shore, Kirkland 



Flat-l«ek 




Lake, Ont. 

Hard porphyry 

80" 

square-set 

10 

Drifter 

39 

Page, Page, Idaho. 

Sheared quartzite 

30"-60“ 

Flat-bark 







square-set 

5-50 

Drifter 


Pecos, Torerro, N M. 

Hard massive 


Flat-baek 





sulphide 

70" 

square-eet 

5-50 

Jackhammer 

41 

Victoria, Britannia Beach, 



Flat-back 




BC . 

M.issive sulphide 

70*-80" 

s*iuarp-«et 

6-36 

Drifter 

42 

CreiRhtoii, 

Massive and disscm 


Flat-luck 




OreiKhtou Mine, Ont. 

sulphides 

55* 

square-sot 

60 

Drifter 

43 

Badger, Butte, Mont_ 

Med to liard 


Hilled 





sulphides 

65* 

square-set 

7 

Aut-rot stoper 

44 

I^ke Shore, Kirkland 



Hilled 




Lake, Ont, 

Hard porphyry 


wpiare-eet 

7.75 

Drifter 

45 

Lake Shoro, Kirkland 



Rilled 




Lake, Onr 

1 Shattered imrphjrry 


sqniire-aet 

10 

Drifter 

46 

Magma, Superior, Arik,. 

Altered diatiase 

80" 

Hilled 







square-set 

15 

Hand-rot stoper 

47 

Minaiing, Mullen, Iduho. 

Sheared quartzite 

90" 

Modified 







square-set* 

5-20 

Drifter 

48 

Bunker IIill, Kellogg, 

Sulphide and 


Vertical-face 


Drifter ami aut- 


Idaho . 

quartz 

40*-45° 

square-set 

5-100 

rot stoper 

49 

Tintic Standard, Divi- 

(ialeiia in iiine- 


Vertical-face 


Hand-rot stoper 


dend, Utah. 

stone 

Massive 

square-set 

1 Irregular 

and jackhammer 

50 

Campliell, Uiebee, Ariz 

Soft sulphide and 







oxide 

60*-90* 

Mitchell slicing 

12-15 

Jackhammer* 

51 

La Colorada, Cananea, 

Breecniteil 






Mex. 

jiorphyry 

90" 

Tup-slicing* 

40 

Jackhammer 

52 

Pioneer, Ely, Minn 

Soft hematite 

45"-75" 

Topi-slicing 

II* 

Jackhammer 

S3 

Godirey, Hibbiiig, Minn 

Sufi hematite 

7“-l0° 

Top-slicing 

II* 

Jackhammer 

54 

Spruce, Kveleth, Minn 

C'umiiact hematite 

Flat 

Top-sheing 

9* 

Jackhammer 

55 

Montreal, Montreal, Wis 

Soft hematite 

62" 

f'ub-Ievel caving 

50 

Jackhammer 

56 

Geneva, Ironwood, Midi. 

Soft hematite 

65" 

Sul>-levol caving 

22 

Auger 

57 

Zenith, Plly,Minn . ... 

Hard hematite 

90* 

Sub-level caving 

! 20 

Drifter 

5Ba 

Newport, Ironwood, 



Sub-level 




Mich. 

1 Soft hematite 

65*-70° 

caving* 

lot 

Auger 

586 

Newport, Ironwood, 



Sub-level 




Mich . . . 

Soft hematite 

65*-70* 

caving* 

20 

Auger 


benches ore 6-12 ft high, broken by 2-3 rows of 6-12 or 14-ft holes (a, b, e. Fig 173). 
Benches broken by uppers are usually 5-8 ft high and holes have corresponding depths. 
Table 20 shows practice as to depth of hole. In square-set stopes (Art 46), depth of either 
breast or upper holes is determined by dimensions of sets. 

Character of ore may influence depth of hole, and therefore height of bench; compara¬ 
tively lAallow holes mas be used in very soft ore, because blasting merely chambers the 
bottoms of deeper holes, failing to break. In cut-and-fiU stopes, height of bench is usually 
limited to 7-8 ft, because of chute-timbering details (Art 47). Also, smaller height of 
bench lessens danger to abovders working under high backs. In shrinkage stopes, heiidit 
of beneh depends largely on bloekineas of ground, and means provided for secondary 
breaking. If blasting chambers are provided under stope and no block-holing is required 
in the stope, benches may be as high as 12 ft. If ground is blocky and there are no blast* 
ing chambers, height of bench may be limited to 3—4 ft (Art 67-69), 
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hy MkcUb* Xitrnmt—iCimUnueii 


Drilh 

Depth of 
bole, ft 

Ft hole 
per drill- 
■hift 

Ton* 

broken 

perdrill- 

ahift 

Explonve 

Notes 

Moontins 

Type 

%Ngi 

Lb per 
ton 

Col 

10 

100 

190 

Gel 

40 

0.32 


Tripod 

6 

24 max 

13.8 

Am 

50 

1.19 


BBTorool 

5-7 

60-70 

11-12 

Gel 

40 

2.0 


Col 

5.5 

66 

20 

Semi-gel 

50 

1.44 

(Art 65) 

1 






1 

* With eub4evel8. (Art 3). 


•12 

24t 

15 

Am 

66 


tDriUuig 1/3 shift 

Col 1 

1 

6-7 

90-120 

SO 

Gel 

30A40 

|a 

(Art 65} 

Col j 

6-8 

90 

25 

Gel 

50 


(Art 65) 

Col 

6 

76.5 

27.3 

Semi-gel 

70 

0.54 


Col 

S-6 

104 

20 

Dsmamito 

45 

0.80 


None 

5.5 

49.5 

25 

Gel 

40 

0.675 


Col 

7 

70-100 

30-45 

Am 

30 

1.5-2 0 


Col 

6 

82 

27 

Am 

55 

0.73 

(Art 62) 








•Avj range 2.75-5.5 ft. 

None 

4.5* 

30.3 

27.2 

Semi-gol 

45t 

0 38 

t Bulk strength 

Col 

! 6 

1 

76 

20.1 

Semi-gel 

70 

0 725 

(Art 46) 

Col 

6 

65 

35 

Semi-gel 

70 

0.324 



3-6 



Gd 

35 

1.6 


Col 

5-6 

80 

25-50 

Semi-gel 

45 

0 75 

* Combining stulta and poets 

Col for drifter 

6 

125-150 

40-50 

Senu-gel 

45* 

0.41 

* Bulk atrength. (Art 46) 

None 

3.5-4 

60 max 

12 

Semi-gel 

40 

1.0 









* Oocasional column- 

None 

5-7 

50-90 

50 

Gel 

30 6:40 

0.75 

Biounteil drifter. (Art 55) 

None 

8 

72 

56 

Gel 

40 

0.25 

* FUlar mining 

None 

4.5-5 

65 

19.7 

Am-gel 

45 

0.77 

* Width of slice 

None 

6 

2C0 


Gel 

60 

0 45 

'Width of slice 

None 

6 

120 


Gel 

60 

1.0 

* Width of slice 

None 

8 

48 

90 

Gel 

40 

0.50 

(Art 76) 

None 

5-6 

65 

50 

Semi-gel 

45* 

0.50 

* Bulk itren|:th 

Col 

8-10 

100 

125 

Semi-gel 

60* 

0.27 

* Bulk strength 








* Advancing slice, t Width 

None 

6 

102 

55 

Gel 

35 

0.93 

of slice 

None 

6.5 

125 

125 

Gel 

35 

0 49 

* Caving slice 


Fig 174 shows a cheap method of breaking ground, combining caving with ordinary 
overhand work, which has been used in large fiat>back shrinkage stopes (Art 67), in several 
porphyry copper mines and with modifications at Homestake, S Dak. At Ray Consol 
mine. Axis, vert shrinkage stopes are 10-16 ft wide in soft ore, and 16-20 ft wide in harder 
ground. Pairs of 6-ft holes, drilled along each side of stope (Fig 174), break shaded areas; 
this robs central portion A of its support and causeo it to fall by gravity (61). This prin¬ 
ciple was also used in wide stopes at Alaska Gastineau (530) (Art 87). A similar method 
has been used at Braden mine, Chile. 

Rill stopes (aee Art 38). !^g 175 shows sections through stope faces (133) using the 
original “rill cut" which was designed for wet down holes to avoid dust and favor hand 
driUing. Holes are drilled in rows across stope. With introduction of “wet" stopers, this 
type of cut is largely outmoded. For more recent form of benches in rill stopes, see Art 65. 

Ring diiUlag. Holes are drilled radially from within a raise or drift large enough to 
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soeommodate drilling. Holes break to free face generally paraUel with plane of drilling. 
Fig 176 shows application to sub-level stoping (Art 43). For an example of ring drilling 
from raises, see Beatson mine, Art 68. 

Choice of drills. Stoi>e-drilla are not used ordinarily for breast stoping, as they are 
awkward for flat holes. For this work, the choice depends on hardness of ore; in very 
bard ores, bea\'y mounted hammer-drills are required; under aver conditions these or 
lighter mounted drills are used; in very soft ores lif^t jackhammers or air-driven augers are 
the logical choice. 

Many of the remarks on choice of drills for drifting (Art 20) apply here. For down 
boles in underhand stoping, jackhammers are eiiic. In steep-dipping overhand stopes, 
where the holes are uppers, stope-drills are best imder aver conditions. They are light and 



Fig 174. Vert Sec 
through Top of Slope 



Fig 175. Rill Cut (after 
U. M. ThoiiiuR) 





allow holes to be pointed as desired; delay in setting up, incident to mounted-drill work, is 
avoided and that due to changing steel is reduced. Question of safety of stope backs 
may dictate use of flat boles drilled by mounted hammer drills, instead of uppers drilled 
by stopers. 

Breaking ground in overhand stopes on flat dips (20° to 30°) resembles breast stoping. 
In general, mounted drills arc used: (a) in ground that is very hard or that fitchers badly, 
even if soft; (h) in large-scale blasting with deep holes in large stopes. Minimum width 
OF STOPE in which heavy or light mounted drills operate efficiently is about 4.5 ft; this 
width is apt to be exceeded, especially for large drills. Stope and plugger-drills can be 
used in stopes al>out 3 ft wide on steep dips, but constant supervision is required to main¬ 
tain this mininnim. Min stope widths on flat dips are ordinarily greater than above; 
determining factor is headroom in which men are willing or able to work efficiently. In 
narrow orebodiea, where dean mining i.s desired, those factors influence choice of drill 
and also choice between hand and machine drilling (Art 27). 

Underhand vs overhand breaking. (See Art 44). 

Data on oreaking ground by machine drilling in stopes. Table 29 presents data 
^nerously supplied m 1938 by managements ami engineering departments of the Tnirmif 
listed. It applies only to stoping methods in whirh all or most of the ore is broken by 
direct drilling and blasting, as distinguished from those caving methods in which only 
a small part of the ore is thus broken. Differences in character of orebodies. mining 
methods, and local conditions cause wide variations in duty of labor, drills, and explosives. 
The table is valuable as showing present practice and results under widely differing 
conditions. For further information, see descriptions of individual mining methods. 


OPEN STOPES 


An open stope, strictly speaking, is a stope in which no timber or filling is used to sup¬ 
port walls or men; a finiriied stope is an open cavity. Various authorities consider unfiilaii 
timbered stopes (Art 45-67), shrinkage stopes (Art 67), and some other forms as o}>en 
stopes; as used here, the term comprises stopes in which walls are supported by pillars of 
ore, or by stulls and othe. simple forms of timbering. 

iS. GOPHERING 

**Oopfa«ring** is a name applied to mining in irregular drifts or other openings, which 
"follow or seek ore without ngsid to maintenance of s regular grade or section'* (1); the 
method is also called “coyoting" in western U S; in general, ^ term my amail- 

sise, irregular, unssrstematic workings. 



BBBAST 6TOPINQ 


lo-m 


Gophttinc ft poor niftn’ft methodt uaod in smftU exonvationi arhore w«lb requin little or no 
aupport; obviously it may be employed in portione of vwna, beds or maeeee. but baa no place in 
ayatemaUo mining. If used to mine rich aeama in a large orebody, gophering often reaulta in tempo¬ 
rary profit but eventual loaa, aa the inregular openings inoreaae ooet of, or prohibit, mining the remain* 
ing low-grade portions. On the other hand, gophering has a place in mining enudl irregular portions 
or isolated parte of aa orebody, where ooet of systematic development is not justified by probable 
tonnage to be won. Thia ia especially true of small, high-grade, spotted depoaits, and where Mexioan 
or other native labor, skilled in this work, ia available. Such work, done by “leasers," may be an 
important adjunct to regular mining. 

Native miners in Mexico, South America, India, and elsewhere, are adepts at gophering; no stops 
development is done in advance; ore is followed up, down, or laterally, as values vary, and workings 
soon become intricate. Miners sometimes carry ore to surface in baskets or sacks, bolding 75 to 150 
ib; inclined winsea or ladders connect workings at different elevations; Mexicans tise "chicken 
laAlera," logs 10 to 16 ft long, 8 to 10 in diam, set on end, and with notches cut on one side. Break¬ 
ing ground in gophering ia generally done underhand; openings are rarely timbered or filled. 


SO. BREAST STORING 


Oenenl, The term "breast stoping" denotes primarily a method of breaking grotmd 
in any stoping system by advancing nearly horizontally a vert face or "breast" of ore, 
usually 10-12 ft or less in height, which has not previously been cut off at top or bottom 
(Art 26). It logically becomes the name of the mining method used in horii or flat¬ 
dipping orebodies up to 15-18 ft thick, when mined by open stoping. It is not applied 
to ^e method of mining such orebodies when caving, filling, or square-setting is involved, 
even though the ore is broken by "breasting." It does refer, however, to a method 
applied to thicker flat-lying deposits, in which the upper 6-8 ft is broken by true breast 


stoping, the lower portion by benching 
(Fig 182); in this case, the term "breast 
and bench" ia more descriptive and is 
often used. Roof support in breast stop- 
ing is usually by permanent or semi-per- 
manent pillars of ore. 



Applicability. Breast stoping is usually applied to relatively thin, flat or low-dipping 
bedded deposits or veins where both ore and roof are strong. It is rarely used for thick¬ 
nesses over 100 ft, though some older working^ of S £ Mo, where the method is common, 
are over 200 ft high. In this district, a stoping height of 40 ft is now rarely exceeded. 
It ia a low-cost method, which usually sacrifices some ore in permanent pillars; hence, 
especially suited to low-grade ores where high extractidh is not of first importance. As 
the method is moderately selective, in that areas of uneconomic grade can be left unmined, 
uniformity in distribution of values is not a requisite to its use. 

Development. In flat-lying bedded deposits, a vert abaft is sunk to bottom of orebody; 
practically no lateral development precedes mining, although orebody may have been 
outlined by borings; stopes follow the ore outward from shaft (Fig 177). Where the 
method is applied to deposits of moderate dip, development usually depends on local 
conditions; for example, breast stoping may ^ used only as a supplement to another 
method in mining flat-dipping portions of a vein of variable dip. 

General plan of work. In flat deposits less than 12-15 ft thick, the method resembles 
the driving of wide drifts, intervening ore being cut through at intervals to form pillars. 
Fig 178 shows different stages of work; obviously, the face can be advanced in any direc¬ 
tion. Same general principle applies in flat orebodies of greater thickness; Fig 177 is a 
plan of a mine in S E Mo, showing application of method over a large area. In deposits 
with moderate dips, face ot stope may be carried parallel to either dip or strike. As dip 
increases, the work of breaking groimd may be the same as that of open stoping in narrow 
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veins, either underhand (Art 35) or overhand (Art 38). Whoe the fane advaneea down* 
ward, Ae openings are sometimes called mr wobkinc». * 

Breaking ground. Methods vary locally and with thickness of orebody; see examplos 
of practice, Art 31, 32, 33. 

Support of roof in breast stoping is by pillars; in low-grade uniform deposits (as 
beds of calcareous shale used for m^ing cement or in beds of rock salt), systematic arrange¬ 
ment and uniform sise of pillars are feasiUe and desirable (Art 34). 

PUlars may be of any shape and sise (Fig 177), but in metal mines are roughly circular 
in horis sec. They are splayed out at top and bottom to increase area of support and 
bearing on roof and floor. lig 179 shows a means of dealing with a sheUy roof, or one 
which scales on exposure to air; it is feasible only for light pressures and in strong, low- 

grade ore. Where roof is fissured with parallel joints or 
cracks, sloping may unkey large slabs; this danger is partially 
averted by a systematic staggered arrangement of pillars. 

In some 8 E Mo mines, ore occurs in overlapping beds 
separated by barren limestone. These are worked fron. 
separate levels, care being taken that the pUlars in upper and 
lower beds shall be directly over each other. 

In the Tbi-State and S E Mo oirtbicts, pillars are larger and spaced closer in weak 
ground and left where possible in low-grade or thin parts of orebody. They are placed 
with regard to haulage tracks to avoid awkward curves, and are 10 to 60 ft diam, with 
intervening roof spans of 18-80 ft. Slabs of rock scaling frr n roof between piUars cause 
seriotis danger and trouble in breast stoping; in thin portions of deposit, slabs are sup¬ 
ported by vert props; in thick orebodies, all shelly ground is removed from heading roof 
before bench is advanced. Even with this precaution, roof-men are constantly employed 
in Mo lead mines to bar down slabs in worked-out areas near stope faces or over travelint, 
ways; where possible, slabs are taken down with bars and gads; this costs more than 
blasting but is safer; black powder used for blasting; holes drilled by hand or plugger or 
stope drilL Fig 180 shows details of staging used to support men and drills taking care 
of high backs at Bonne Terre mine of St Joseph I.ead Co; 3 men accustomed to the work 
can put up 3 or 4 sections, or take down 6 to 8, in an 8-hr shift. All material is reused 
except eye-bolts, which are left wedged into 
roof (163, 521). Much trouble from slabs 
is caused by accumulations of water under 
pressure in bedding planes of roof rock; at 
some mines vert holes ("drain boles"), 8-10 
ft deep, are drilled from heading into roof 
every 8-10 ft, to allow water to escape (164). 

Rkinfobcxuent or pillabs: Gunite has 
been used to stop slacking and crumbling of 
old pillars. Pillars have been enlarged and 
strengthened by building forms around them 
aitd filling with concrete. Old pillars have 
been reinforced .with tie rods, or by placing 
vert steel rods against face of pillar and 
wrapping with old cable (156). 

ladling ore. Tracks are laid on floor 
of deposit, from point of entry to the stope 
faces (Fig 177,178). In thin deposits, tracks 
run into headings; in thick, they extend to 
foot of benches. Where more than 1 bench 
is worked, the heading ore is shoveled to foot 
of lowest bench; general slope of benches is 
kept steep to minimise handling. Broken ore 
is shoveled into cars by hand or machine, 
and trammed to shaft by hand, or by animal or mechanical haulage, depending on 
distance and output; .i> some mines, bucketo ('‘cans’’) are mounted on light trucks, 
reducing cost of haulage and hoisting equipment. 

In some Tbi-State mines, shoveling plats of 2-in oak plank are laid at foot of stope 
bench. Work is usudiy done on contract. At Hartley mine, Kan, C. M. Anderson, Supt, 
states in 1932 that, in low ground, all loading is done by hand into cans holding 14(X) lb. 
In high ground, both hand and power-shovel loading are used. Aver rate of loading 
of ^oveler is 35 tons per 3%r shift (323). At Picher, Okla, a shoveler on contract loads 
into cars 36-40 tons per shift (115). 



Fig 180. Hanging Scaffold or Staging 





Fig 179. Vert See 
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Machine loadingt S E Mo. Conditions are favorable for meehanioal loading. 8t 
Jos^h Lend Co used the St Joe shovel (see Sec 27) for nearly all mucking in its Mo 
propetiies until 1036 (116), when scrapers were first tried and proved eflfic in robbing 
pillars, recovering ore left in floors, and in general supplementing power-shovel work. In 
1937, standard scraper equipment comprised 35-hp doubleKlrum hoists and S4-in scrapers. 
Ore is either scraped up a ramp to a loading platform over the cars, or pulled into chutes 
(127). Power-shovel operators work under a bonus system; a task is set at regular daily 
wage, 'with bonus for excess tonnage. Usual task is 42 2.5-ton cars, varying with conditions 
from 32 to 48 cars (155). In Tbi-Statb district, hand shoveling is common in small 
mines; mechanical loaders used in some large mines (see Table 30). At Barr mine, Kan, 
using 25-hp elec shovel. 10-cu ft dipper and 1.5-ton cars, usual performance in 1929 
was about 100 cars per shovel-sbift; occasional max of 116 cars in 4 hr (143). Scrapers 
have also been used to advantage in some Tri-State mines. See Art 31, 32. 


Table 30. Comparison of Cost of Loading with Power Shovel and by Hand at Hartley 

Mine, Kan. in 1932 (323) 


Power shovel f per ton 

Contier.ted etieray charge. 0,382 

Power coneumed. 0 946 

Depreciation and repairs. 3.070 

Interest charge. 0 776 

Labor (one operator with helper 

and extra trammer). _7. 8^ 

Total. 137004 


Hand shovelers i per ton 

Contract prire . 21 202 

Shovels and picks. 0.167 

Total. 217369 


Note. Small revolving shovel driven 
by 15-hp elec motor, can opeiate in a 0-ft 
room, loading into cans holding 1 400 lb. 
Data for power shovel cover 1*27 working 
days, in which 16 565 tons were loaded. 


Percentage of ore left in pillars depends on: ( a ) character or hoof, which deter¬ 
mines max allowable width of heading that will stand unsupported, and therefore the 


distance between pillars; (6) character of floor. 
A soft floor requires pillars of large area, or closely 
spaced, so that their bearing power will not be 
exceeded; (c) btrenoth of ore determines mini¬ 
mum section of pillars to withstand pressure of 
overlying rock; (d) depth of deposit determines 
total wt to l>o carried on pillars, where deposit has 
such lateral extent that overlying rocks do not 
arch, and become self-supporting (see Subsidence, 
Art 114). These factors are interrelated, their 
effect can not be definitely determined in advance 
in new districts; the percentage of ore left in pillars 
may be fairly con.stant in a given mine, but varies 
widely in different localities. P'or example: H. A. 
Guess in 1014 estimated, for S E Mo district, that 
15% of area mined was left in pillars (55). C. F. 
Jackson, 1029, estim.atcs 10% left in pillars at 
largest property in the district (155). At Hartley 
Grantham mine, in Kan, where ore occurred in 
brecciated, loose formation, O. W. Keener in 1930 
stated that approx 40% of the area of developed 
orebody was left as pillars on first mining, but 
that a high total extraction is expected when 
pillars are pulled or roblied (167). At Barr mine, 
Kan, in 1929, 15-18% of area mined was left in 
pillars; it is planned eventually to mine pillars in 
good ore, but leave permanently those in lean 
ore (143). 

Recovery of ore from pillara. A mining- 
method like breast stoping is justified by its sim¬ 
plicity and cheapness and because, where properly 
applied, it yields a max profit in spite of sacrifice 
of pillar ore. Use of method is usually confined 
to low-grade deposits, where value of ore in pil- 



Fig 181. Concrete Column replacing Ore 
Pillar, S B Mo 


iars does not repay coat of replacing them by artificial supports. Some recovery of ore 


in pillars is often possible (see St Joseph Lead mine, below). Also, conditions may re- 
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quire leaving in pillaro on first mining a relatively large percent of the ore; then pillar rob¬ 
bing or recovery becomes important. Recovery of ore from pillars is costly and requires 
extreme safety precautions. 

In S E Mo, some pillars loft years ago have proved unnecessarily large and considerable 
ore has been rectivered by reducing their size. In 1937 the St Joseph Lead Co started to 
remove many high-grade ore pillars under the protection of concrete pillars (Fig 181) 
built and located with care near the pillars to be removed. Bottom of concrete pillar 
has a diam that permits tapering to a min of 8 ft. Base of pillar is doweled to floor 1^7 
drilling 16 2-ft holes, in which are grouted vert reinforcing rods 9-12 ft high; these support 
circular forms 3 ft high, of 10-gage iron. Concrete is blown into the forms through a 
4-in pipe by comp air. When the pillar is within 1 ft of the back, numerous 3-in screw 
jacks are placed on its top, with 2-m iron plates on top of the jacks, which are then 
tightened, and apace around them is filled to the back with concrete. Such pillars have 
been built to height of 47 ft (127). 

According to information from C. W. Nicolson in 193S, efforts to recover pillars in 
the Tbi-Statb pistrict have been confined mainly to "gouging'' by leaser.^. In recent 
years, some companies of the Okla-Kan section have trimmed and removed pillars quite 
extensively where ore reserves were exhausted. Many orebodies in this region are long 
and narrow, and the amount of ore originally left us pillar.s does not a\'er mure than 10 % 
of total (0-15%). Many oiiginal pillars wore either unnecessary or too large; by removing 
or trimming them, the ore recovered, in individual mines, is probably 1/3 of the original 
pillar tonnage. These ore pillars have not been replaced by other support, duo to the 
high cost. Pillars 100 ft high have been successfully removed. >Vhen companies com¬ 
plete their own efforts, certain portions of the mine are usually turned over to leasers, 
who trim and remove pillars while retreating, recovering about 50% of the remaining pillar 
tonnage. Niculsun estimates that the combined work of company and loa 8 er.<! gives an 
ultimate recovery of about 2/3 of the original pillar tonnage in leased areas, or about 
for the entire mine. Sonje falls of gnmnd occur, but surface is unaffected, as deposits 
are overlain by stiung beds of fiint and limestone. 


31. EXAMPLES OF PRACTICE, BREAST STORING IN FLAT 
BEDDED DEPOSITS (S E Mo, Tri-State District, and Wis) 

S E Missouri. Data from C. F. .Tackson (155) in 1929. Disseminated galena occurs in 
dolomitic limestone. Formation, nearly horiz, has normal thickness of about 3G5 ft and 
outcrops in places; ore is chiefly in lower 100 ft. In the property described, thickness of 
individual ore Ijeds is from 7 ft (min mining height) to over 200 ft, but slopes rarely exceed 
40 ft high. Stuping widths an^ from a few to se\'eral hundred ft: some orebodies are 800 
ft wide by 1 200 ft or more long. As a whole, the ore is in flat beds and the formation is 
self-supporting over wide spsuis. Development. Property described covers a large area, 
containing numerous and sometimes widely separated orebodies. A number of vert 
shafts, sunk originally to develop the separate areas, were later connected by crosscuts, 
hoisting now being done through one vert shaft, with drifts, crosscuts, and raises as 
rcciiiircd. Main haulage drifts have min of 8 by 12-ft cross-sec. Other openings are 
usually 7.5 or 8 ft high. Raises, 6 by 9 ft, are commonly driven at an inclination of 45°, 
seldom vert. Stopinci. Where ore is not over 9-10 ft thick it is breasted out to full 
height. In thicker ore a breast 7-8 ft high is driven at top of the ore; lower part is mined 
in one or more benches (Fig 182). Pillars of ore are left for roof support as required. 
Slope faces are kept clo.se to face of heading. In breasting thin ore and driving headings, 
holes, a, 8-10 ft deep, are drilled in sets of 3, one above the other. Face of breast is pur¬ 
posely kept irregular, to provide free faces to break to. Burden on holes is 3-4 ft; middle 
hole in any set, ha\'ing about 6 in less burden than others, is loaded more heavily, and 
fired first. Jackhammers, mounted on columns and with pneumatic feed, are used. 
Span between pillars in strong ground is 30 ft, decreasing to 16 fr. in weaker. In turning 
pillars, holes are drilled tangentially to face of pillar (5, Fig 182) to avoid shattering it. 
Bench ore is broken down holes drilled with hand-held jackhammers. Depth of top 
bench is limited by length of steel that can be handled in heading, usually 6 ft. Holes 
on lower benches are up to 10 it deep. Bench or slope holes are drilled 3-4 ft back of 
face, and 6-8 ft apart. Low.-st bench i.s mined with down holes if the ground breaks to a 
bedding pHtne with a resnltant smooth bottom; otherwise, this bench is broken with 
‘'lifters" and "splitters," c and d, Fig 182. For lifters, drill rests on 2 parallel strips of 
wood laid on floor and coimeeted on their underside by 2-in cross slats, with 2-iii spaces. 
Driller uses a pinch bar, with a slat as a fulcrum to exert press on back end of drill; this 
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device aUows miner to stand 'while drilling. Several headings and 8 toi>es may be worked 
together in. a given area. One man does the drilling for a heading and the stope behind it. 
The rock drills easily and 80-100 ft of hole is aver per shift. In a heading or in breasting 
thin ore, a miner breaks about 30 tons per shift; in bench or stope, 90-120 tons per maehine- 
shift is common. Powder comsumptiou varies: an aver of 0.450 lb of 40% ammonia 
gelatin per ton was used in mining 49 700 tuns 
at this property in one month in 1929. Miners 
work on contract, based on ore broken; prices vary 
with height of stope and nature of ground. I'or 
data on breaking ground at Bonne Terre mine, S E 
Mo, see Ex 3, Table 29. 

Tri-State District (S W Mo, S E Kan, and 
N E Okla). Breast stoping is used exclusively 
for Oat bedded deposits of sphalerite and galena 
in flint and chert. Overlying rock is u.sunlly 
strong flint, standing well; sometime-s, heavily 
fractured flint or limestone rerMiring close spac¬ 
ing of pillars. Main types of deposits: Sheet 
OROUKD averages 7 ft thick, and is low-grade, 
crude ore assaying about 3.5% Zn and 0..)% I’b. 

It was mined extensively in S W Mo before 1018, 
at an aver depth of 150 ft, and since then locally, 
in Kan and Okla, at depth of about .'l.')0 ft. 

Bbscciatbo OBOV.ND occurs in beds, 6-30 ft 
thick, the most prolific being 20 ft thick; occa¬ 
sionally, in strong .shear zone.s, mineralization 
extends through several beds, forming deposits 
180 ft thick; aver grade of crude ore, 7..5% Zn and 
1.0% Pb. Thi.s type of deposit has been mined 
largely in Kan and Okla from 1915 to 1938, at aver 
depth of 2.50 ft, and to some extent in Mo nt .shal¬ 
low depths. For methods of exploring these de¬ 
posits, see Art 10-b. Development. Entry is 
by single-compt vert shafts, usually 6 by 6 ft 
inside timber, and sunk to lowest ore horizon. 

Most mines are opened on only 1 le\'el. If shaft 
cuts ore, no lateral development is necessary in 
immediate ore area, but various “pull drifts” may 
be driven to isolated orcbodies. Such drifts, rarely 
timbered, are 7 by 7 ft to 8 by 10 ft. Stopino. 

Breast stopes are carried with a single vert face in 
thinner deposits (G -12 ft), sometimes to 18 ft. In 
thicker deposits, a heading 7 8 ft high is driven at 
top of orebody; its face is kept 1,5-20 ft ahead of 
bench. Sometimes several benches 10-15 ft high 
are carried, making total height of excavation as 
much as 100 ft. Benches are broken with flat 
holes drilled from tripod or “stope boards” (Fig 
185). According to C. W. Nicolson (191), hand 
loading into cans 32 in diam and .32 in deep, hold¬ 
ing 1 4(X) lb, continues to be generally used. Aver 
shoveler loads about 25 tons per shift; under favor¬ 
able conditions some men can load 50 tons per shift. 

Experiments with power shovels have not been 
generally successful. Recently, several of the larger companies have installed scrapers, 
with go^ results (see below for scraping at D. C. * E. mine). For further data on 
scraping practice in Tri-State district see Art 91 and Sec 27. Operating and cost data 
at 2 representative mines of Picher district are shown in Table 32. 

No 1 mine, Picher, Okie. Data from W. F. Netseband (115) in 1929. Fig 183 shows 
stoping in ore 25-40 it thick; for faces about 40 ft high, a round of 6 splitters and 3 stope 
holm are used. Slope of bench is kept at about 45“. Holes are drilled with 20-ft steeis; 
splitters, with a rise of 1 in per ft; stope holes downward, 1 in per ft. Bench holes were 
formerly squibbed, or chambered, before final chuge was loaded, but this practice has 
been abandoned in recent years. Aver stope or splitter hole breaks about 250 tons; 
powder consumption. 0.75 lb per ton. Ordinarily, 30% ammonia dynamite is used, but 




Fig 182. 


Vert Sec A-A 


Breaking Ground hy Breaat 
8tupiug, S E Mo 
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for wet work or poor ventilation, gelatin powder of same stTMigth ie subetitoted. In head¬ 
ings, about 40 tons per machine-shift are broken; in benching, 60-75 tons. Pillars are 
20-60 ft diam, depending on ground and height of roof; aver pillar diam, about 30 ft. 
Spacing varies, 40-100 ft c-c, aver 80 ft. Pillars represent about 15% of total area mined, 
but many are recoverable. 

Hartley mine, Kan. Data from C. N. Anderson (323) in 1032. Sphalerite and galena 
occur in flat beds of chert about 300 ft below surface; sometimes in irregular masses. 



Mineable ore is 8-25 ft thick. Fig 
184 shows methods of breaking 
ground. Pillars are 20-30 ft diam 
and spaced an aver of 40 ft edge 
to edge. Care is taken not to 
break a flint stratum overlying the 
ore, as roof may become slabby and 
dangerous. In low ground, mining 
is done by breast stopes with a 
single vert face; detail of work 
is similar to that for headings. 
Thicker ore is mined with head¬ 
ings and benches. Heading is 7 
ft high; between pillars the face 
is in zig-zag form; drill round com¬ 
prises 6-8 holes, 8-10 ft deep, by 
coliunn-mounted drills. Midway 
between heading and floor, "split, 
ters" are drilled 8-10 ft apart to 
depth of 12-14 ft, from tripod 
moimtings. Floor or stope holes 
point slightly downward; they are 
16-18 ft deep, drilled within a 
foot or two of mine floor; drills 


Sputter hole. U’ 


Sputter area 


s.Stope area 


__^ .. ■ _ for these holes are mounted on 

either a tripod or "stope-board" 
cnraz:*} 'i- Heading area (Fig 185). Aver tons broken per 

cir: ja:ja I i machine-shift in low ground, 71; 

i“ high ground, 72.6. In low hoad- 
ings with poorer ventilation, 35% 
gelatin is used; in high ground, 
DniiM.. V ior\ Sputter area 40% permissible explosive. Cham- 

* * _'X. bering of splitter and stope holes 

is rarely necessary. Over a 6 -mo 
Xv period, 180 212 tons were mined 

X with powder consumption of 1.12 

X lb per ton. 

Stope hole, 

Data from C. W. Nicolson (173) 
Vert Sec A-A 1938. Orebodies lie in sheet- 

Fig 183. Stope and Heading Rounda, Breaat Stoping, prison, about 160 ft 

Tri-State Diatr below surface. Deposits aie of 

considerable extent laterally, but 
have an aver vert th ickness of only 7 ft. Sphalerite and galena occur in horis bands, 
or in vugs in a flint gangue; aver assay of crude ore, 3.6% Zn and 0.4% Pb. Prom 
1920 to 1937, this district was idle, due to low metal prices. D. C. & E. mine was 
reopened to determine whether mechanization would make mining profitable. Scrapers 
used for loading, and belt conveyers for transport to shaft. Results were successful. 
Details. Mme is served by vert shaft (1) (Fig 186), formerly equipjied with cage but 
refitted with 2-ton skip's, loaded from a 50-ton storage hopper ( 2 ) at the shaft. Con- 


X Stepe hole, 18 

Vert Sec A-A 

Fig 183. Stope and Heading Rounds, Breaat Stoping, 
Tri-State Diatr 


veyer belt (3), 24-in wide, speed 350 ft per min, delivers to this hopper. Scraper (4) 
loads through a grizzly with 9-m openings to a reciprocating feeder and thence to belt (3). 
Other scrapers ( 8 ) load through grizzlies to cross-conveyers (7), which deliver at speed of 
30 ft per min to belt ( 6 ) and thence to belt (3). Three-drum scraper hoists are driven by 
25-hp motors. Scrapers are 48 in wide and hold 1 500 lb of ore; they have manganes^ 
steel shoes 10 in wide, which handle about 11 (XX) tons and are then discarded. Pull-in 


cables are 0.5 in; puU-baok cables, */8 in. In a test run, one scraper delivered 162 tons 
100 ft to the belt in 2 hr. Economicid limit of scraping distance, 150 ft; scrapers at points 
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(8) thus handle all ore in a aemi-oircle of 150-ft radius. 

feed 



Vert Sec, Heading 


tope. High Ground 



Drilling is by 3.64n automatic' 
drifters, with long guide sheUs 
permitting steel changes of 96 in; 
mounted m hydraulic columns. Each 
machine ord^arily drills 12 10-ft 
holes per shift. Detachable bits are 
used, 2.5-in on hollow steel; aver life, 
14 ft of hole. Costs. Experimental 
work in mechanization showed a pro¬ 
duction rate of 19.4 tone per man-shift 
underground, as against 12 tons for 
other sheet-ground mines, and 7.66 
tons for Tri-State district as a whole; 
also a cost reduction per ton from 
$1.23 for entire Tri-State district, or 
$1.08 for other sheet-ground mines, 
to $0.61 (see Table 31). 





Fig 184. Breast Sloping, Hartley Mine, Kan 


Fig 186. Drill Mounted on Slope Board 



Fig 186. Part of O. C. A E. Mine, Oronogo, Mo, ahowing conveyer system and location of seraiten 

Fig 187 shows a different method of breaking used al one mine in Joplin district (158); 
upper 12 ft of deposit was very tough, lower 12 ft broke easily. Heading was driven in 
aofter ground on bottom of orebody by methoda described above; drill holes, 12 ft deep. 
Up]^r stratum was broken with 12-14-ft holes, placed as shown; splitter holes were 
squibl^, roof holes being left as drilled, as squibbing would tend to loosen roof and 
make it dangerous; heading was carried 60-100 ft ahead of stope. This method proved 
cheaper in this mine than the usual plan. 6 drills broke an aver of 326 tons per 8 hr. 
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Tliia plan resembles overhand stopine in wide veins; is not applicable to thick beds, due 
to difficulty of supporting men and drills; nor does it allow careful scaling of, and dean 
mining at roof. A variation of method shown in Fig 187 is described by Van Bameveld 
(482) ; fiat roof boles and splitters replaced by uppers. 

_______ 

Beneh How 





Fig 187 


vertical loncituoinal vertical cross* 

SECTION SECTION 

Fig 1»8. Rrcaat Stoping, Wia Zinc Diet 


Wisconsin zinc district. Deposits of ZnS and PbS occur in pitches and flats in lime> 
stone; some are so irregular that mining is practically gophering; larger deposits are 
commonly mined by breast stoping, Oretodies are from 5 to 70 ft high, 20 to 300 ft wide, 
and 500 to 7 000 ft long; roof is generally solid, thick-bedded limestone; deposits lie at 
depths of 75 to 200 ft. J. G. Trewartha, Gen Supt, Vinegar Hill Zinc Co, contributes 
following data on this district in 1938: Orebodies mined by breast stoping (Fig 188). 
Face of heading is kept not more than 8-10 ft ahead of stope. Wet jackhammers, 
weighing 45 lb and using 0.75-in hex steel, are used for all holes in heading and stofie. 
A home-made mounting is used: a 2 by 0-in board with 2 steel points set in one end and a 
series of steel stirrups liolted at 8-in intervals to one face of board. Operator lays a 
2 by 10 or 12-in "toe board” on the floor, stands the points of mounting board on this 
and hangs the drill handles in whichever stirrup happens to be at right height for the hole. 
While drilling, the operator leans against the moimting board. This device has greatly 
increased drilling exceed; main objection is increased wear on front of the machine. 
Jackhammers are advantageous compared with piston or hammer drills on column; 
operator can place holes in best x>oaition and continue drilling while others are mucking 


Table 81. Operating Data at the D. C. ft £. Mine, Oronogo, Mo 

(From C. W. Nicolson, 1938) 


Breaking; Drill labor. $0,118 

Drill repairs and auppliea... 0.015 

Compreaaed air. 0 030 

Casualty insurance. 0.006 

Drill steel and bits. 0.060 

Explosives. 0. MO 

Misc repairs and supplies... 0.036 

Supervision. 0.018 

$0,423 

Scraping: Labor. 0.046 

Kepaira and supplies. 0,040 

Power. 0,015 

Casualty insurance. 0.003 

Supervision. 0.018 

0. 122 


Conveying: Labor. $0.0M 

Kepain and supplies. 0.008 

Power.• 0.003 

$0,025 

Hoisting: Labor. 0.015 

Repairs and supplies. 0.013 

Power.-. O.OM 

Casualty insurance. 0,001 

0.043 

Total. $0,613 


Weekly production, 3 600 tons, working 2 shifts per day, 6 days per week 




Supervision. 

Drilling and breaking 

Scraping.... 

Conveying. 

Boosting. 

Misoellaneous. 

Total . 
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down the stope. There ia no fixed round of holes. An aver of 45-^ tons is broken per 
driU<ehift. Water-rMisting gelatin dynunites are used, aver about 36%; aver con¬ 
sumption, O.S-0.9 lb per ton broken; see Ex 2, Table 29. 


Table 32. Operating Data, Typical of Picher Dist, Kan and Okla (C. W. Nicolson. 1938) 


Sheet 


Breooisted 


Tbicknees of ore, ft 


Min. 

Max. 

. Aver. 

Bpadug of pillom, ft, aver. 

Diam of pillata, it, aver. 

Tons per man-shift, total. 

Tone per machine-shift, ore breaking.. 

Footage drilled per machine-shift. 

Tons per man-shift, hand loading. 

Tons per man-shift, scraper loading. 

Lb explosive per ton, ore breaking. 

Aver depth of holes, ft. 

Aver footage dnlled per bit forged (or purchased). 
Breaking cost: 

Labor. 

Drill repairs and supplies. 

' Compressed air . 

Other repairs and supplies . 

Drill steel, bits and shop expense. 

Explosives.. 


Total breaking.. 

Shoveling cost per ton, hand loading. 

Shoveling cost iier ton, scraper loading. 

Total cost (breaking, loading,'tramming, pumping, hoisting, ventilation 
and maintenance) per ton .. . 


ground 


ground 


7 

8 

9 

35 

8.5 

21 

50 

70 

20 

30 

10.3 

10.8 

52.9 

66.2 

81.2 

66.0 


24.2 

76.0 

61.8 

1.15 

0.80 

8.72 

10 3 

2.05 

10.51 

$0,168 

$0.120 

0.014 

0.026 

0.043 

0.039 

0.019 

0.014 

0.105 

0.032 

0. 160 

0.(15 

$0.509 

$0,346 

(0.246) 

0.208 

0.132 

0.139 

1.04 

0.760 


Note. These figures are from two typical mines under good management. Bubxt-ghoumd 
mink: Ganguc, hard and abrasive rhert containing many vugs which force steel oiT line, breaking or 
binding steel. Explosive often breaks back into vugs, causing hole to fail. Bits forg^ on 1.2.5-tn 
hollow round steel, lugs on shanks. Drifters, 4 in diam, hand-cranked, mounted on column. 
Explosive, 40% ammonia or gelatin. .411 loading by 3-drum scraper hoists on steel alidee mounted 
on caterpillar treads. Tramming to shaft by rope haulage. Hand-loading cost given ie coet prior 
to installing scrapers. BREociATED-aKoi'Mo mink: Gangue, brecciated flint, better drilling than 
sheet ground. Mined heading and bench. 2..4'm detachable bits on 1.2fi-in hollow round lugged 
steel. Drifters 3 and 3..’)-in. Explosives, 30% ammonia or gelatin. Loading, 30% by hand into 
cans, 20% by scraping into hoppers. Scraping cost includes drawing ore from hopper into cans and 
spotting on lay-bye. IVammitig to shaft by rope haulage; some mules for gathering service. 


32. BREAST STORING IN DIPPING DEPOSITS (see also Art 33) 

Park City, Utah. Fig 189 ehowa old workings of Silver Kihg Coalition Co. J. Humes 


gives following data in 1915 (134) 
limestone; thickness, 1.5 to 25 ft; 
dip, 10® to 30®; oreshoots are ir¬ 
regular in outline and make oft 
from fissiu'es which gave access to 
mineralising solutions. 

For mining thik beds, explo¬ 
ratory drifts, in the ore bed, follow 
the fissures; when a drift cuts ore, 
stopes are started to the dip and 
carried as far as broken rock can 
be shoveled out. If ore con* 
tmues, a small hoist is installed, 
track laid on floor and mine cars 
run to stope face. If deposit is 


silver-lead orobodiea occur largely as replacements in 



Fig 189. Part of Silver King Mine, Park City, Utah. 
(Aver dip, 18 ; aver thickuees of ore, 2.5 ft) 


thin, enough footwall ia shot out to admit oar. If the temporary inclines strike barren 
rock, tracks are turned and follow the ore. In orebodiea of large lateral extent, small 
drifts (sub4evele) are run to right and left from main indine. Stoping proceeds up and 
down dip from sub-levels, in which run small cars dumping into can on the indine. 
Many deposits are so flat and thin that machine drills can not be used with advantage. 
This method permits mining orebodies without excessive preliminary development, and 
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is well adapted to handling broken ore on flat dips. More recent practice is de¬ 
scribed by M. J. Dailey in 1030 (159). Method is termed “overhand,” as faces are 
advanced up the dip. In thicker portions, modified square-sets are used, with caps 
extending across 3 posts. Slopes are often back-filled as stoping advances, timber being 
recovered when possible. Weaker parts of deposit are mined in sections 50 ft wide. 
Around edges of orebodies, where ore is thin and less support required, 8 to 10-in round 
Stulls, with headboards, are used. 






Barton Hill mine, Mineville, N Y. Orebody is a bed of strong magnetite; thickness, 
0 to 20 ft or more; aver dip, between 15° and 25°, rising to 35° or 40° in places. Hanging 

and footwalls are very strong tough gneiss, 
the former fairly smooth, the latter warped by 
2 series of ridges, the axes of which are paral¬ 
lel and normal to strike; this complicates ore 
handling. Mining method. Deposit was 
first attacked at several points along outcrop 
by breast sloping to the dip. Mine cars were 

vu X •« . hoisted to surface on inclined tracks on foot- 

Pig 190. Part of B^on Hill Mme, Minevdle. 2 inclines, also pillars for 

roof support (note that inclines were swung 
to right or left as needed to follow ore); temporary horiz tracks were also lend to reach 
remote portions of slope faces, or for stoping along strike at points above bottom of inclines; 
these are typical dip workings. More recent practice, described by A. M. Cummings 
(496) in 1928, is shown in Fig 191. Deposit is opened by parallel shafts, 400-600 ft apart, 
following dip of orebody along footwall. At intervals of 1 000-1 600 f\. on dip ore haulage 
levels for transferring ore from auxiliary shafts to main hoisting shafts. Intermediate 
sloping levels extend from shafts on footwall at intervals of 30-100 ft, depending on width, 
dip, and faulted or folded conditions of orebody. Leaving 20-ft shaft pillars on each 


Part of Barton Hill Mine; Mineville; 
NY 


ASxUlarv shaft 



Fig 101. Breast Sloping, Mine^’ille, N Y 


side of shaft, mining starts by cutting loading chutes on upper side of stoping levels 
every SO ft. Ore is then breasted out as in Fig 191. Pillars, roughly circular and 20-60 ft 
diam, depending on height and character of roof, are spaced about SO ft c-c. Where ore 
is more than 15 ft thick, a 7-ft heading is carried at top of ore; bottom ore broken by 
underhand benching. Ovo is scraped to loading chutes, which deliver to cars (Fig 192). 
Pillars represent about 25% of toted ore. Plans call for eventual recovery of much pillu 
ore by a retreating method. 
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Sherritt Gordon mine, Manitobc. Data from E. L. Brown, G«n Supt. in 1933 (162). 
Ore is course-grained mixture of pyrite, chalcopyrite, and sphalerite, with rook inclusions. 



Fig 102. Handling Ore by Scraper, Minevillc, N Y 


Two lenses occur in shear zones along contact between massive gneiss on hanging wail and 
conglomerate and quartzite on foot- 
wall. Dips, 30® to vert. Aver 
width of ore 15.5 ft; sometimes 
exceeds 50 ft. Walls sharply 
defined. Djbvelopment (I’ig 193). 

Main shaft is in footwall, inclined 
at 51®. Main haulage level, at 
depth of 500 ft on the incline, is 
along footwall contact, about Vs 



of face being kept in ore; it is 
double-track, 7 ft high by 15 ft 
wide in central part of orebody, 7 
by 8 ft toward ends. Above, at 
intervals of 150 ft, are two sub¬ 
levels, 4 by 6.6 ft, in footwall, 
10-15 ft from the ore. Raises, 5 
by 5 ft, 120 ft apart along strike, 
extend from haulage level to bot¬ 
tom of pillar left to protect surface. 
Stopino. For method where dip 
exceeds 45°, see Art 36. In flat¬ 
ter dips breast stoping is used. 
Slope sections extend 60 ft each 
way from raises, making slopes 
100 ft long, with 20-ft pillars 
between. Ore is breasted upward 
along dip to full thickness of lode 
unless thickness excr«ds 8 ft, in 
which case a heading-cut, 6.r> ft 
high, is carried along hanging 
wall, and the bottom removed by 



hoist hoist 

Fig 193. Breast Stoping in Flat-lying .Section of Ore- 
body, Sheritt Uordou Mine, Miiuitoba 


underhand stoping with jackhammers. Ore is handled by scrapcis. Raise to level above 
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serves as manway, and for air and water lines. Ore is handled on haulage level in 
80-cu ft Granby cars, by storage-battery locos. Stowno costs, with above-described 
method during G first mo of 1932 were: labor, $0,302; explosives, $0,140; drill repairs 
and supplies, $0,066; steel and sharpening, $0,067; compressed air, $0,031; scraping, 
$0,054; general expense, $0,074; total, $0,740 per ton. 


ART 33. EXAMPLES OF PRACTICE, EAST AND CENTRAL RAND, 

SO AFRICA 

Following data are mainly from J. Thorlund in 1928 (568), C. L. Butlin, A. E. Payne, C. B. 
Brodigan, and others in 1930 (673), A. G. Bovden in 1931 (576). and R. S. G. .Stokes in 1936 (195). 
For further.detuils, see Bib (538, 666). For earlier practice, see 2iid edn of this book, and its Bib. 


Orebodies comprise several gold-bearing silieified conglomerate beds (bankets or 
ekefb) interbedded with quartzite and slate, of which the Main Reef series is the most 
important. In Central Rand, extending 14 miles to both E and W of Johannesburg, 3 beds 
have been extensively mined: (a) Main Reef, aver width 6-7.5 ft; (5) Main Reef Leader, 
aver width 18 in, lies 1-10 ft above Main Reef; (c) South Reef, 8-12 in wide, is in places 

80 ft above Main Reef Leader. Wide variations from 
above figures occur locally, and leefs are dislocated 
by dikes and faults; but their tenor and thickness 
are remarkably rcgidar in indh idual mines. Dip in 
Central Rand averages 50® at outcrop, flattening to 
31® in first row of deep-level mines, with flatter dips at 
greater depths; in East Rand, dips are a.s flat as 6®; 
in West Rand, dips are steep. Both hanging and 
footwalls are usually quartzite. For further details, 
see Bib (254). 

Development. For modes of entry, see Art 15. 
Workings tributary to inelmed shafts from surface are 
nearly exhausted. Several vert hanging-wall shafts 
for hoisting from 5 000-6 300 ft in a single lift have 
recently boon completed. Most of them are rec¬ 
tangular, 0 or 7 compartments, and are made larger 
than necessary for hoisting to aid A^ntilation. Such 
shafts may be 2 miles apart. Intervening areas are 
usually developed by “sub-inclines," delivering ore to 
haulage levels connecting with vert (or turned-vert) 
shafts. These mclines, of which 30-40 aro constantly 
advancing on the Rand, are usually in footwall; some, 
designed to reach 8 000 ft (vert), are concreted. Three- 
compt inclines (17.5-22.5 ft wide) are 2(K)0-3 000 ft 
apart; those of 5 compts (35 ft wide) are spaced 3000- 
4 000 ft; recent trend is towards the smaller inclines 
at closer intervals, to reduce hauling and ventilating 
distances at great deptiis. As precaution against 
crusliing, common practice is to stope at least 1 reef, 
regardless of its gold value, as early as possible from 
a strip directly ov'er an incline. 

Lateral development, at intervals ot about 140 ft vert, or as much as 1 000 ft horiz in 
flat-dipping reefs, includes drifts in reef and main haulage drifts in footwall. Former are 
7-8 ft wide; latter are 15-18 ft wide in some mines, usually narrower. On deep levels, 
imitoriant haulagcways are always in footwall; Robin.son Deep (Central Rand) has a 
haulage drift on every level in its deep workings, 40 -50 ft (normal to dip) in footwall, 
with crosscuts to reef drift every .500 ft; Crown Mines has footwall drift only at every 
5th level. On Eastern Rand, drifts have comrnonlj' been driven in rcef.s, on straight 
lines and with varying ,<iades, but nowhere exctiediiig 15<'i, to follow undulations of reef, 
requiring endless-rope Iniiilage. More recently, footwall drifts on uniform 0.6% grade 
for loco haulage have been adopted, longest possible tangents being connected by such 
curves as will maintain reasonable proximity to reef. This systt'm has incidental advan¬ 
tage of avoiding pumping from low s;*ot8 in an undulating drift. With any system of 
footwall development, stoping areas aro approached by crosscuts, raises, and ore-passes, 
Stoping methods may lie classed generally as breast stoping, but the natui c of the reefs 
and problems arising from mining at great depth have resulted in unique practice. Press 



Longit Sec in Plane of Reef 


Fig 194. “Herringbone” Stope, 
J.ast Rand, a, Stope facce b. 
Waste packs, c, Safety pilliirs. 
d, Haulage levij. «, Winch. /, 
Drift 
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from hansing wall, with danger of rock bursts, demands special means of roof support, 
describ^ hereafter. Experience with rock bursts has led to reversal of former practice 
respecting use of ore pillars for support; leaving of pillars is now generally avoided as a 
rock-burst menace. Present modes of support are based on principle that settlement 
is inevitable, subject only to control, not to avoidance. Backhliing, usually with sorted 
waste, is common method of control. Fig 194 shows the ‘‘H£:RBiN<iBOM'E BysTKM" of 
breast stoping on the East Rand. Level interval is about 600 ft, along the dip. A raise, or 
winze, or a combination of the two, is driven between levels near middle of a stoping area, 
mth a track connected with the tracks on each haulage level. A winch, with compressed 
air or elec drive, is installed at upi)er end, as at c. Sloping starts by widening the raise 
laterally on each side, by slabbing rounds drilled with jackhammers. Horiz and parallel 
branch tracks arc then started at 30-ft intervals^and advanced to keep within reach of the 
stoping face. Cars (1-ton) arc loaded and trammed by hand to the inclmo, where they are 
hoisted or lowered to the haulage level above or below. In .slopes GOO ft or more in dip 
length, a second winch may be installed at a mid-pumt for dcliA'ery of cars to the lower drift, 
while the winch at top 
hoists to the upper drift 
from upper half of stope. 

Roof support is by "waste 
packs" (backfilled). 

Fig 195 shows the 

"OHOSKCUT AKD BOXIIOLK” 
method; it has betni used 
on fiat dips in E Rand, 
but has nioi-e recently 
given way to .sci aper meth¬ 
ods. It is adaptable to 
widths of ore too small to 
permit use of main-haul¬ 
age cars in slopes; in very 
narrow reefs, ears may 
have only 5-cu ft capac, 

C!rosscut X is driven under 
a centrally located raise 
or winze, driven in reef 
between levels. Steeply 
inclined raises (“ box- 
holes”), g, with chute 

pockets at bottom, are pjg 195 . “CropBcut and 
then driven 90 ft apart, faces. 6 , Waste packs. 

Stope faces are advanced * 

both ways from raise, in 

direction of the strike. Three parallel and nearly horiz tracks, about 30 ft apart, extend 
in both directions from top of each boxhole. Track is usually 20-lb rail, laid on 'i by 4-in 
hardwood ties; gage, 18-30 in. Ore is hand-trammed to boxholes, whence it is drawn 
into cars on mam level. Waste packs are the roof support. 

Fig 196 shows "scattmr pile” ^“skeleton shrinkage'') method, developed at Modder B 
mine, but also used elsewhere on E Rand and on steeper dips of f ientrnl Rand. According 
to C. L. Butlin (573), area between 2 main levels is di^vidwl by horiz openings, o, to form 
sloping blocks not lunger than 200 ft on dip, extending Ixith ways from a centrally located 
raise (or winze), r. A central, inclined track through raise r connects with haulage tracks 
on main levels, over which cars arc hoisted or lowered by winch, e. Horiz branch tracks in 



nozholp” Stope, East Ennd. a, Stope 
Safety pillars, it. Haulage level. /, Drift. 
Kaiaes or "buxbohis” 


openings o are depressed in footwall to allow scraper4 to discharge into cars through 
loading chutes 1. Stoping starts by breasting both ways from raise r. Broken ore is 
shoveled back 12-18 ft from face into a pile paralleling the face; it reaches the roof but 
gives no support to it, this being supplied by temt>orary timber packs, metal props, or 
other means described below. Purpose of pile is to prevent scattering of ore on blasting; 
hence the name "scatter pile.” Ore from blasts is thrown back into the pile until the 
working space is too small for the drillers; scraper then removes enough to restore ample 
working space; ore thus removed from pile toward face is about 40% of total broken. 
At rear of pile, wastf is sorted out for building waste packs. Sorted ore is scraped to cars 
on next lower horiz tracks; floors are then swept to recover fines. Scraper hoists, with 
air or elec (16-35 hp) motors, are moved from block to block. Stokes estimates (195) 
that scrapers, where suitable, save 6 pence per ton in cost of handling, as against hand 
loading. Saving in stope trackage, usually requiring footwall excavation, is also an 
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important economy in favor of scrapers, which are being; widely used throughout the 
Rand for sundry mining methods. On Central Rand (dip 30®-60“), the "scatter pile” 
principle is widened, in that ore behind the advancing face, aided by timber support, 
inaiiitams :i safe working place. In such case the method is locally called “shrinkaox," 
since, as in "sciiiter pile" mining, about 40% of the broken ore must be removed con¬ 


tinually fioin the side of pile toward the face to maintain working space for drilling; 
blit .itopc faces ad^'allC(• laterally by bieast sloping and miners stand on footw'all rather 
tlian on broken ore; hence, the method is not “shrinkage” by usual definition (see Art 67). 
In Rand practice, sorting at lear of adv.-vneiug pile preiicdes removal of ore from stope by 
nit'uns lichl suited to conditions, and waste is packed .*50 a.'i to allow roof to settle with 
nnnimum distuibunco. A pile 10 ft wide u.sually suffices for roof support near face; 



To main Imulapc 


Fik ICMi. " Scaltcr-pilr’’ Ku,pp, Mnddcr H 
Mine, II, Si.ipi* faepB. ii, Waste picks 
f, Safelv pillais. <■/, level r, 

Wiiieh. /, Dull h, Piles nf hinken oie 
t, 'i'laiiBporuiiile scraper iinists j, birajj- 
era. k, P.iattiee I, I.iiiuiiiig chutes r, 
It.ii-'ie entry tn stcipc 


unless ore is reclaimed from pile within 60 ft of 
face, crushing and compacting by roof press make 
sorting of ore difhcuit and ineflicient. Cited 
advantages of so-called "slirinkage” system are: 
rapid udtance of face; good roof support near 
woiking face; small loss of fines. Cited draw'- 
bneks: breaking and reclamation are separate 
opciatious. rerjuiiing divided attention of miner; 
vontil.liion loss easily controlled: heat is generated 
from oxidation of pyrito in broken oie; ore pile 
may bo diluted by waste from hanging or footwall 
during recianiation. 

b'or thin rt'cfs under heavy pre.ss, as in Central 
Itand, KEST. iNtj has shown its advantages, provided 
suitable p'Mtings exist; to llt.SO, City Deep had 
mined 4 OfK) 000 tons by this method. According 
to A. G. Boyden (570) in 1931, advance of face 
begins by erecting a barricade of lagged 7-in stulls, 
7 ft apart and 2 ft from face, leaving enough space 
under the rotif for w.astc t<' be thrown over, 
\\a.ste is then broken above the reef to a height 
th.at will give an ultimate width ot about 42 in. At 
such width, for example, 2ii in of w’aste, when 
broken, will fill final exeavation completely; if the 
romuining 17 in contains sortablo waste, it must 
be hoist wl, or used for filling elsewhere. Waste 
face is adv.-inced 8- 10 ft, or until the jiile reaches 
the barricade, the roof being supported on short 
)>iops. Ore is then broken away from footwall, 
with light shots or air-driven gads, and dis¬ 
charged through chutes or moved by .scrapers to 
the haulagi; level. As short props drop out, they 
are replaced by longer ones, keeping roof safe 
until next row of lagged stulls is set. The retreat¬ 
ing edge of reef .slops 1-2 ft from the waste face; 
after cleaning the floor, a new barricade i.s erected 


and op<>r.ation repeated. At an individual face, waste .stoping may take 12-lG days, extrac¬ 
tion of reef, 6-S days, extia .shovelers working during latter iicriod. 

In all the alxne-dcscrilied nielliod.s, stoping fares are maintained on nearly straight 
lines, usup-lly paiallel with dip, unless the prevailing direction of fractures makes it easier 
to control roof settlement, helimd a face advancing at some other angle. Faces are 20(1- 
400 ft long, on dips over 30“; 40f)-l Oik) ft on flatter dips. Wlien opening a stojio from a 
drift, the tendency to abrupt falls of ground ("rock bursts’’) can be counteracted by 
stalling to a width of S~10 ft on the dip side of drift, in advance of similar sloping to the 
ri.si-, and packing the spaces with artificial supiiort rigid enough to keep the drift open, 
but permitting enough J'ttlement to relieve concentrated stresses in hanging wall. Con¬ 
trol of roof settlement and avoiding of bursts .are helped by rapid advance at face; fc»r this 
reason (and also to jirovide rnore favorable conditions for use of scrapers, where applicable) 
drilling in some deep mines is c.jncentrated at certain jiluces almost to point of congestion, 


and at expense of drilling efi.ciency. 

Brattling ground in stjping. Fig .‘97 shows the general shape of stope faee, main¬ 
tained to provide free f.aces, and the manner of placing holes. Usually, one hole will 
break or loosen whole width of reef. .According to II. Simon (89), in a 40-in stupe, a 
42-in hole with about some burden, and loaded with 2.7 lb of 50% dynamite, will break 
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about 7 fcq ft of stope area, or 2 tons. Fig 197 also shows a “hole director.” which, in 
various forms, is used widely on the Rand. The one shown 
(89) is of ®/4 or steel tubing, with welded joints, and 

weighs about 5 lb; it is made in different sizes for varying char¬ 
acter and thickness of reef, on basis of records by efficiency 
engineers. With the instrument held in plane of reef, the inner 
end of arm A is placed at the point of the face where the hole 
is to be collared, and end of arm B is moved against the face. 

Arm A then indicates proper direction of the hole to give the 
burden for which the “director" is designed. Miner or fore¬ 
man marks with chalk on the facte and roof the direction which 
the hole is to take and its depth. Simon states that, in generc 1, 
max effic is secured when area of rock in plane of “director” is 
63% of area of rectangle indicated. 

Until about 1920, drilling in thin or steep reefs w'as done 
by hand (p .582, 2nd edn), one 3-ft hole, breaking 0.5 ton, being 
a day's work for a native dri ier. In wider reefs, mounted 
drifters were used, drilling 4 holes per shift and breaking about 
6 tons in a 4-ft stoiic. Nearly all drilling is now done with un¬ 
mounted, 50-lb, wet jackhammers. These have been effective in 
reducing the minimum necessary stoping width, and the amount 
of waste broken and sortcil in working a thin reef, arid allou’- 
ing production from reefs previously unprofitably narrow or 
hiw-grade. Table 33, from A. E. Payne (573), shows results in 1^,7 jjole 

one mine before and after introducing jackhammers. Director 



Table 33. Reef and Stoping Widths, Van Ryn Deep 


Year 

Fathoms 
Btoped (o> 

llcpf 

width, iu 

.Stopc 
width, in 

Waste 
width,in 

Method 

1919 

8 771 

36 

66 

30 

By hand in Mam Reef Leader 

* t 

24 693 

48 

74 

26 

^Iounted drill in same 

1928 

42 547 

39 

51 

12 

.lacklianimer in same 

t « 

26 402 

20 

37 

17 

JankhiiitiiiiiT in small leaders 

« 4 

68 949 

32 

46 

14 

.Taekhiimnier in all reefs worked 


(a) “Fathom” «= 36 sq ft 


Another advantage of the jaokham-' 
mer as compared with leciproratiiiR dull 
IS that the smaller holes and liRliter 
charges are leas destructive to the brittle 
and fissured hanging wall. A third and 
most prominent eifert has lieen a great 
increase in rate of drilling and breaking. 

In favorable ground, a jackhammer can 
drill 80 3-ft holes in a shift; aver over 
whole Rand, 7,"> ft of hole per drill- 
shift. Table 34, from A. E. Payne (.573) 
shows stoping performance with jack¬ 
hammers in 1028, m 6 mines under same 
management. 

Table 35. Aver Stoping Effic in a Group of Rand Mines Stokes (195, p 216) ^ves 

* the data in Table 35, on a re¬ 
presentative group of mines, 
but states that variable con¬ 
ditions (such as the fiossible 
incomplete recovery of fine 
ore) render it difficult to com¬ 
pare stoping efficiencies. 

Other factors contributing 
to improved effic of breaking 
in stope.s: (a) increasing use of 
"hole directors”; (5) employ¬ 
ment, in some mines, of a 
"cleaning shift," preceding drill 



1931 

1935 

Stoping width, in. 

44.2 

46.9 

Fathoms broken per drill-shift. 

2.43 

2.60 

Tone .. 

26.73* 

30.42* 

Ft of hole per drill-shift. 

85 

90 

Ft of bole per ton broken. 

3.18* 

2.96* 

Number of holes per fathom. 

9.5 

9 5 

Aver depth of hole, ft. 

3 7* 

3.6* 

Ngl oont of explosive, lb pier fathom .. 

5.0 

5.0 

Cost of breaking, per fathom. 

298 9d 

27s 8d 

.ton. 

2s 8.3d 

2s 4.2d 


* Calculated and interpolated by author 


Table 34. Jackhammer Stoping in a Group of 
Rand Mines, 1928 


Mine 

Fathoms 

broken 

Striping 
width, ill 

Fiithoiiis per 
drill-shift 

Tons per 
drill-shift 

A 

140 284 

66 

3.64 

60.14 

B 

52 087 

39 

1.83 

17.60 

C 

89 226 

45 

3.05 

33.97 

D 

126 156 

45 

1.47 

16.60 

K 

69 026 

46 

1.85 

21.20 

F 

32 569 , 

51 

t 78 

22 81 
























10-148 


OPEN STOFES 


dlift by about 1 hr and making faces ready for drillers; (e) increasing employment of sbov- 
firing crews, holes Ijeing loaded by miners at end of their shift, as heretofore; since blasting 
must begin in slopes on the return air course, delayed firing may considerably increase 
the time applied to drilling in these slopes; (d) in deep mines, where roof press on an 
advancing face may be controlled as in longwall coal*mining, the natural crushing of reef 
may account for larger tonnage, recovered by hand pick or air-^iveu gads, than the 
blasting. 

Types of roof support. Obe pillabs, aided locally by stulls or other supports, were 
customary throughout the Rand to a vert depth of 1 000 ft. Local conditions govern as to 
depths at which pillars may be left without danger of rock bursts. In Central Rond, 2 000 
ft was considered the max permissible depth for pillars in slopes; on Eastern Rand, with 
softer footwall, safe limit is considered to bo 4 000 ft. As a rule, pillars at great depth have 
long been abandoned. Stokes (195) states an exception at Modderfontein East, where 
temporary pillai-s, 8 ft diom, are cut systematically to support the face. Each line of pillars 
is removi^ when the face has advanced enough to cut a new line and build the permanent 
slope supports. In some deep mines with wide reefs and large slopes, intnisivo dikes, 50 ft 
thick or more, normally left standing as pillars, have caused trouble by bursting. Rem¬ 
nants at slope junctions present same objection as pillars; they are mined with special 
precaution, under written instructions to all conc.erned. Piobtyer, or cribs filled with ore or 
waste, were long a common form of support, but have largely given way to other types. A 
disadvantage of the pigsty was its fire hazard and tendency to fail tlirough rotting of 



Fig 108. Concrete 
“Pancake" Column 


Pnt>lex Puck. Three 3 sticks 
In each rc)W. Alsu made of 
4*64 sticks, 48"long 


Chock Mnt^ Also made 
ot4 IKS is’'long 


Fig 199. Two Types of All-timber Support, Rand 


timber (later reduced by use of timber preservative). Concbete “pancake" columns 
(Fig 198) were introduced at Van Ilyn Deep and soon nearly displaced pigstyes in that and 
some other mines of East Rand. A pancake is a circular reinforced-concrete disk, 30 in 
diam, 4 in or more thick, with a 4-in hole at center for handling. A level footing is con¬ 
creted and allowed 1 day to set. Di.sks are then piled one on another, with a little sand 
between to ctjshion irregularities, to within 1 or 2 ft of roof, which space is packed with 
wooden blocks and wedges, providing some compressibility. A. E. Payne (573) shows that 
during one month in 1930, an East Rand mine used 2 409 columns (18 473 disks) in slop¬ 
ing 282 168 sq ft of area, sloping width averaging 52.5 in; area served by each column was 
thus 117 sq ft. Pancake columns are not cffic on dips over 30°. At increasing depths tlieir 
use has declined in favor of all-wood or waste packs, which permit better control of roof 
settlement. Monolithic concbete columns have been used in some mines of E Rand, 
but at increasing depths they are being displaced by more compressible supports. Accord¬ 
ing to J. Richardson in 1926 (371), a steol-plate sectionalized form, 33-in diam, is filled with 
concrete to within 18 in of roof; reinforcement, wire-rope rings 30-m diam, 1 ring per in of 
height. One man can K<uld a column 42 in high (for a 5-ft slope) in 3-5 hr. When con¬ 
crete has set. space at bjp is packed with wood blocks and wedges. Where used, such col¬ 
umns serve mainly for protecting track-ways, reinforcing edges of pillars, and as comers 
for waste packs. Rail pbops. iiieces of steel rail, each standing on a sole-plate in a sand 
box, are used for temporary support in “scatter pile” sloping (see above) in Crown deep- 
level mines of Central Rand. A single stupe may require 400 such props, in 8 rows: 2 in 
working space at advancing face, 4 buried in broken ore, 2 holding open space for sorting. 
Lost row is recovered and moved to front when replaced by packed waste. Sand fillinq 
(Art 92), according to Stokes (195), is no longer used on Central Rand, but is still common in 
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E Rand to support worked-out areas before extracting hanging-wall bands of ore. Timbbb 
packs ffiid CHOCK MATS are fai'ored for face support, having advantage of ready oompressi- 
bility (after scn’ing initial purpose) when weight comes on waste packing behind and 
around them, thus aiding control of roof settlement. “Duplex pack mat" (Fig 199) is of 3-in 
round or squai-e pieces, 24-32 in long, piled 3 pcs on 3; or of 4-in squared pieces 48 in long. 
“Chock mats” (Fig 199) are of 6-in timbers, slabbed on 2 sides to give depth of 4-4.5 in: 
3 pcs 24 in long, or 4 pcs 48 in long, are threaded on 2 3/g-in bolts and drawn together 
tightly. A chock of aixy height can thus bo built. Waste packs consist of back filling with 
waste, usually from sorting. One type, wire pack, is made by enclosing an area, commonly 
a 6-ft circle, with woven fencing of 6-gage wire and 6 by 18-in rectangular me^, attached 
to light wood props, and filling the enclosure with coarse waste or ore packed solidly to the 
roof. A 6-ft diam pack 4 ft high requires 9.3 sq yd of fencing. Ends of wire being joined, 
failure of props has no adverse 
effect. Such packs are used on 
dips to 50®. They are fire- and rot- 
proof. 

Rand mine costs. According- 
to Stokes (19.5) aver costs in 1935, 
excluding some old mines with 
diminishing development and capi¬ 
tal charges, were roughly as in 
Table 36. 

34. SYSTEMATIC ROOM AND PILLAR METHODS IN BEDS 

Term “room and pillar” covers many different methods of cutting up a deposit by 
excavating rooms, in which sense it includes breast sloping (Art 30, 31). Methods 
described below differ from breast sloping mainl>' in being more systematic; rooms and 
pillars are generally rectangular and laid out with almost mathematical regularity; the 
pillars may be left for permanent support, or recovered by robbing operations. These are 
colliory methods applied to mining salt, iron ores, etc, but may generally be simplified in 
these deposits Ixecauso of less rigid ventilation requirements. For details of coal-mining 
methods, see Art 102 et aeq. 

Suitable deposits for exploitation by room and pillar are flat or slightly dipping beds 
of uniform tenor and character, and of large area. Cheap, abundant, strong mineral, 
and a strong roof and floor are necessary if permanent pillars are left; where ore in pillars 
is recovered by robbing, a very strong roof may “hang” over large areas and cause trouble 
by dropping suddenly (Art 103). 

Detroit Rock Salt Co, Mich. Data from H. D. Keiaer (S26) in 1930. Room and pillar mining 
(Fig 200) is applied to a horis bed of rock salt 30 ft thick, 1 100 ft below surface. Overlying rocks, 
chiefly limestones, dolomites, 
sandstones and shales. For¬ 
mation immediately above 
salt bed is of hmMtone, gyp¬ 
sum and salt; that beneath, 
shale and limestone. Entry 
is by 2 vert shafts. Haulage- 
ways are driven 40 ft wide 
and 300 ft apart. Bed is 
mined by rooms, 40 ft wide, 

25.5 ft high, running parallel 
with and at right-angles to 
baulageways on 80-ft cen¬ 
ters, leaving permanent pil¬ 
lars 40 ft square; extraction, 
about 73%. Bottom heading, 

11 ft high and width of room, 
is advanced 20 ft in 3 to 3.5- 
ft rounds, of 32-36 holes 
arranged alternately as {a) 3 
wedge cute and (5) a wedge 
cut with 2 slabbing cuts (Fig 
201 A), Upper bench in then 
broken to full height in 5 Fig 200. Plan of Workings, Detroit Rook Salt Co, Detroit, Mich 
Btagee (Fig 201 B) by 14 

holes in stages 2, 4, 5, and 24 holes in stages 3, 6. A 9-ft hole, 1.5 in diam, is bored by elec auger in 
about 1.5 min. Explosive, 60% ammonia dynamite. When 1000 to 1 500 tons are broken in a room, 



Table 36. Average Rand Coats Per Ton Milled, 19SS 


8. d. 

8 . d. 

Development. 3 0 

Mining. 12 2 

Milling. 2 9 

General operating.. 1 9 

Office and misc.... 0 4 

20 0 

European wages... 5 1 

Native wages . 4 0 

Supplies . 7 4 

All other costs .... 3 _ 7 

20 0 
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salt is loaded into 3-ton oars by eleo shovel with 0.75-yd dipper, at about 600 tons per 9 hr. Larse 
lumps broken by blockholing with augers or pneumatic pic^, with air from a portable compressor. 

CUBton iron ores, Birmingham, Ala. Orebodies are beds of hematite, interbedded in sandstones 
and shales. They ejcteiid many miles aloiiR the strike and have been o()ened over 2 000 ft on dip. 
Lcuchiiig has removed lime from upper parts, produemg enriched soft ore for depths down to 400 ft 
on dip; below this, oie ia hard. W. H. Crane (542) gives following data in 1924. Two "eams have 

_ been mined, Big Seam and Iron- 
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Fig 201. Breaking Ground in Detroit Rock Balt Mine 


dale. Forme*' is more important 
source of ore. It is 15-22 ft thick, 
divided by a slate band, from a 
knife edge to 30 in thick, into 2 
parts: "upper bench," 10 ft aver 
thickness, “lower bench," aver 8 
ft. Iroridalc scam is 3-8 ft thick, 
aver 6 ft. Due to folding, local 
dips are from 8“ .lO”, usually 10°— 
30°; hanging wall largely sand¬ 
stone; footwiill shale. MbthOob 
OF MINING. Entry ia by inclined 
shafts, 14-10 ft wide, in the de¬ 
posit. .4.ver distance between 
slopes in various groups of mines. 


1 333-2 47.5 ft. Bevel interval, 05-200 ft, present tendency being toward the higher figure. Man¬ 
way raises, 12-15 ft wide, are driven 75 ft on each side of and parallel to the sloiie, leav'ing a .shaft 
pillar. Headings 15 ft wide on each level aie driven to manway raises. Beyond the rai.se the head¬ 
ing is widened to 20-45 ft, aver 35 ft, by breast sloping. In older workings, with smaller level 


Heading trick 



Headiii 



Reading track 


Fig 202. Branch Tracks for Working 
Wide Slopes 

Interval, driving the headings with connecting raises at 100-ft intervals constituted the first mining. 
rUlars were then robbed, retreating from points midway between slopes, with estimated extrac¬ 
tion of 80-90%, Present piacticc in mining upper bench of Big .Seam is to u.sc a "wide-stope" 
method, as follows. At intervals of 150-200 ft along tlie headings, preliminary raise slopes 25-30 ft 
wide are carried by overhand .sloping to the 
headiug above, leaving a pillar 125 ft long along 
strike. Sueces.‘>ive slices are then taken off the 
pillars parallel to the raise slopes (Fig 202) 
until the i-topp is increased to 130- l.'iO ft long, 
or such length »s the buck wilt stand. Rows of 
props paralleling side of pillar are put in to sup¬ 
port back. Ore from both raise stope and slices 
is lowered to heading by giavity planes. 

Introduction of power hcrapsirb has per¬ 
mitted greater level interval and more exten¬ 
sive use of wide-stope method. A siniple layout 
for scrapers is shown in Fig 203. Headings are 
18-20 ft wide and 150 ft or more apart along 
dip. At intervals of 75 ft along headings, over¬ 
hand etoties 20 ft wide are started, which, 20 ft 
up the dip, are widened to ,50 ft and driven to 
heading above. Bmoll .jlllars are left where 
required in stope and bslow heading above. 

These 60-ft slopes are later combined into one 
large stope, with a length denendiug upon 
strength of back. Ore hauledi by scrapers to 
cars on lower heading tracks. ^ 

MiiUiig the LOWER rkncm of Big Seam i» done in older workings where conditions are favorable. 
It involves taking up the floors of the old pillar-supported slopes. Slopes 30-33 ft wide and several 
hundred ft long are mined. A branch track is turned off beading track, and extended diagonally 
*^crosB the slope through the crosa-heading in the arch pillar to the middle or bottom of next atope 



jUanway 

Pillar 


PLAN OF STOPES 40 
Old stope p.„j^ u 


^^ajlea ^ny track'^ 



New slope 

SECTION BB 

Fig 204 


Old stope 

heading tndc 
Lower bendi 


Working T.ower Bench of Big Seam 
by Cross-beading 
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above, thenc9 parallel to main heading track (Fig 204). Stope ie then extended by underhand method 
full length ot old heading. I’illar robbing, the final operation, is started in workinKs farthest away 
after sloping is completed, and carried back toward slope Pillars are mined by sliring parallel to 
the heading, and breaking through pillars up the dip until all possible ore is recovered. 

Tennessee Coal, Iron 4 R R Co, Muscoda, Ala. Data from C. E. Abliott (167) in 
1936. Company mines a high-grade limestone for its steel works from a bed 40-50 ft 
thick, dipping 17°, and lying 330 ft alxive and parallel with a lied of Clinton iron ore, also 
mined at same place. Limestone lied was entered from beneath by a rock slo]>c from 
haulage drift of the iron tnme, 2 500 ft inside of outc'roji to avoid decomposed rock anti 
watery strata: then opened by a slope with 12 by 2()-ft ontritis on Imth sides, 20(1 ft apart. 
Rooms, turntid up-dip at 70-ft ncnteis. are 12 by 12 ft in »oc for first 20 It; then widened 
to 30 ft, and again narrowed to S ft when within 15 ft of next entry above, to which they 
break through near top of ImkI, for ventilation. Hemuming 25-30 ft of good .stone in roof 
is broken dow-n in slices 8 ft thick, starting at lower end, witli upper holes drilled normal 
to dip by 4-in wet hammer drills on tripods standing on broken roi-k; until room is finished, 
only enough rock is drawn, by Bcrajiers discharging into cars in entries, to make room for 
diillers. Explosive is 42^0, water -esistant ammonia dynamite. Practically no timtier 
is required. Resemblance to coal inining is emphasized by occurrence of CII4, probably 
from an overlying lied of bitummoiis shale, requiring circulation of 25 (KK) cu ft air per min, 
and the precautions oK-jcrvi-d in g.ascou.s coal mines. 

Blue Diamond mine, Arden, Nev. Data from W. G. Bradley (193) in 1932. A 
gypsum deposit is worked as a side-hill quarry until capping becomes exci^ssive; then by 
room and pillar underground. Bed is 12-20 ft thick, neaily horiz; capping rarely exceeds 
100 ft of soft sedimentanes, roof is a firm, 2-ft l»ed of elay and gypsum. Headings 
10-25 ft w’ide enter from wall of quarry at intervals of about 25 ft. Crosscuts of some 
width, 20 ft apart, form pillars alaiut 20 by 25 ft. containing 25% of original volume. 
Pillars are roblwd by slabbing, until only SCi, of original volume remiiins. Caving of 
ground alxivc mined-ont area is then induced, a.s a safety piccautiou, by bbisting out the 
pillar remnants; gypsum thus broken is not recovered. Jackhammer.s drill .'lO ft of 1.25-in 
hole per hr. In a 14 bj' 2o-f(. heading a round requires 17 lO-13-ft hole.s, niranged for 
center thaw-cut, loaded with Hcrcoiriite No 6 pow'dcr (25*,;) strength) and 1 stick of 
30*% gelatin in middle of each hole; little secondary blasting is needed to reduce to size for 
hand loading. Aver advance, 8.5 ft per round, bieakmg 1.14 ton per ft of hole, with 0.5 lb 
powder pci ton broken. 


36. OPEN UNDERHAND STOPES, NARROW VEINS 

Applicability is to narrow veins at any dip, but best suited to stecj> dips. .‘Strong walla 
are desirable for any dip, and arc usually essential in steep veins from staudpoint.sof safety 
and ore dilution. In steep veins, the method is usually limited to orcbodics requiring no 
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sorting (see “Handling waste,” below). Strength of ore is rarely a determining factor in 
applicability of method to narrow veins. 

General plans of mining by underhand stoping are shown in Fig 205, 200. 

Details vary with modes of breaking ground and handling ore and waste. In simplest 
case, (a) and (6) Fig 205, floor of level is broken into with a winze a.s nt C, from which a 
horiz slice defg i.'i excav.ated from wall to wall; as face rf advances, the w’inze is deepened and 
another slice started. Process is repeated by advancing succ,es.si\-o slice.s, forming slcp-like 
faces, converging toward bottom of stope, as is characteristic of underhand work. Stopos 
like (a) Fig 205 are bingi<e stopes; those like (5), double stopes. Terms toe and heel 
sometimes designate top and bottom of stope. Fig 206 shows a better plan, known as the 
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CoRKisH METHOD. Stope Worked around a raise or winze between 2 levels. Where work 
is carried on as in Fig 205, all ore except that from first slice is shoveled into buckets and 
hoisted out to the level above. In ('ornish method, broken ore falls through raise to level 
below, and is load«^ by a chute into cars; such stopes are .self draining. This method is 
used instead of that in Fig 205 wherever possible. 

Underhand stoping as in Fig 205 is convenient for mining ore below a level mthout 
preliminary development, but its use increases cost of mining by the cost of hoisting ore 
out of the stope. Though such stoping is not used for systematic mining on a large scale. 



Fig 206. ITndcrhand Stope, Cor¬ 
nish Mctliod Fig 207. Cross-sec 


it is useful: (a) for mining small, irregular oreshoots with spotted values; often such 
deposits can be explored only by stoping them; this work approaches gophering (Art 29); 
(6) for mining isolated or faulted portions of orebodies, a.s X Y, Fig 207, where devekrpment 
openings required to get underneath them would be too costly or difficult to maintain; 
(c) for small-scale work, lacking funds for prelinunary development. 

Fig 208, P. B. Scotland (178), shows underhand stoping in a narrow vein with firm 
walls by Arizona Cf.pper Co. Stoping began near top of untimbereil raise.s, put up in the 
oreshoot 25 to 50 ft apart. An arch pillar was left; working floor was kept cone-shaped to 



reduce shoveling; a grizzly of logs, over top of chute, prevented large pieces of ore from 
entering and clogging it. 

Development. Drifts are usually driven in veins. On steep dips, level interval may 
be limited by safety factor (Art 14-19). 

Breaking ground (see Art 26 to 28). 

Support of levels. Underhand stoping, carried on as in Fig 205, 206, destroys the 
drift floor over a Btoi>e. Crimmunication with parts of level beyond stope can be main¬ 
tained by: (a) A row of stiiils placed as at 5 (Fig 209) and lagged, and tracks laid on them; 
with this plan there is always a break c/ at end of the stope, which is bridged temporarily 
with timber. Where vein is much flatter than in Fig 209, stalls are set nearly normal to 




OPEN UNDERHAND STCTPES, NARROW VEINS 10-153 





LONGIT SEC 

Fig 200. Simple Underliand Stopes 


CROSS¬ 
SEC C O 


han g ing wall; waste may be placed on the lagging to support car tracks. (/>) A Lcvetr 
FiiOiAB (or AROH pillah), left over back of slope, as at P, Fig 209; it is foiinod by driving 
a drift'Cr from the raise and stoping below it. Opening G is a STOPE-uRirr (C'ornish, stupx- 
DBiVE) or BXTB-DBiPT. Choice between (a) and (b) depends largely on grade of ore. A 
level-pillar may also bo 

////V/P^'//A 


required to support slope 
wails, in which case, depth 
of pillar depends on degree 
of support deemed neces¬ 
sary. 

Handling ore. All 

broken ore mxist be moved 
along face to heel of slope; 
amount of shoveling re¬ 
quired depends on: (a) 
general slope of slope face, 
which may be varied by 
changing the proportion- CROS3- 
ate length and height of SEC A B 
the benches; (b) dip of 
vein, which, together with 
slope of Btope face, determines the pitch of the footwall corner of the slope, and amount 
of broken ore which will "hang” and require shoveling. These factors are less impor¬ 
tant where conditions allow use of scrapers (Sec 27). 

For economical handling, benches should be high and close together; higher benches 
are possible in wide than in narrow veins (Fig 214 shows extreme case). Very high 

benches reduce number of points of attack 
in a stopc, which, for a given tonnage in a 
narrow orebody, requires more stopes kept 
open simultaneously. Heel of an under¬ 
hand slope eventually reaches the level 
below. If ore in the back ofs.tho level is 
mined as at x, Fig 209, the advantage of 
loading from a chute is lost, unless back 
of drift is replaced by lagged stulla, as is 
often done. Sometimes pillars of ore are 
left over the level. 

Handling waste. In steep veins, sorting of waste is rarely practicable in underhand 
stoping, and all the vein matter is usually sent to level below. In narrow veins, where 
general slope of stopc face is kept sufficiently flat, waste may be sorted and stored on stulls 
(Fig 210). On flat dips, regardless of 
vein width, waste may be stored on k ^ 
fcK>twall. 

Support of walls. In a steep vein 
the area of unsupported and inacces¬ 
sible walls overhanging a stope con¬ 
stantly increases. This makes an 
open underhand stope dangerous in 
weak ground, and i.s a serious disad¬ 
vantage. Both foot and hanging walls 
must be carefully examined, and all 
loose stuff barred down before the 
stope faces leave them. In narrow 
veins, slabs may be wipported by 
STL'iiLB (A, Fig 210); larger areas of 
walls, by ahtificial pillars of waste 
piled on rows of stulls (B, Fig 210). 

Stulls ore placed roughly opposite 
benches; their diam varies, with width 
of vein and local conditions, from 8 
to 14 in or more; distance between 

stulls, 3 to 6 ft; round 4 to O-in poles make good lagging. For details of hitches, 
blocking and placing stulls, see Art 38. Pillars of ore may be left where desired. 
As a whole, working by underhand stoping depends on pillars of ote for supporting 
walls. 
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Fig 211. Underhand Stoping (Sec in plane of vein) 
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ri* 211 shows actual tmderhand stopes covering a large area of vein. Mine was opened by 
inclined shafts in the vein (note shaft pulars on each side of ebafts). As m other methods involving 
pillar support, an attempt is made to reduce loss of ore in pillars by leaving them, where possible, in 
low-grade or narrow parts of vein. 


Pilgrim mine, Chloride, Ariz. Data from E. F. Hastings (540) in 1937. This mine 
offers an example of underhand sloping where hanging wall is weak. Gold-bearing veins 
occur along both hanging and footwall sides of a well defined shear zone in a series of vol¬ 
canic flows, intruded by rhyolitic and basic dikes. Shear zone dips about 30“, with aver 
width of 60 ft. Width of commercial ore, 3-18 ft. Hanging-wall vein, to which the method 
described below applies, dips 32®, and is of hard vein matter or a breccia. Above it is a 
layer of clay, over which is soft gouge; soft rhyolitic Hows and latite predominate behind 
the gouge. Levels are at 100-ft intervals along dip, connected by raises 60 ft apart along 
strike. Stopiug starts at top of a raise by slabbing downward with jackhammers, produc¬ 
ing a V-shaped opening (Fig 212). Slabbing holes rarely have burden greater than 2 ft and 
are usually 4 ft deep. Broken ore is conveyed to chutes by scrapers, or loaded by band into 
shaking chutes of 12-in split fan pipe. Ptope faces are kept straight to facilitate scraping. 
Back is supported by 8 by 8-in stulls, with headboards. J.ight burden on drill holes avoids 
opening much unsupported ground. Timbering is carried to within 4 ft of face. Drill holes 
are blasted lightly, with only 1 or 2 sticks; hence timber is rarely broken by blasting. 
After ground has remained open for a few weeks, back begins to weather and slough, and 


starts to cave. Thus, filling the mined-out 
area with caved material follows advance¬ 
ment of stope faces. I’nder the protection of 
the stulls, the ground near the face remains 
open long enough to complete the stoping. 
In effect, the method is one of retreat. 



Fig 212. Underhand Stoping, Pilgrim 
Mine, Ciiluride, Ariz 



Golden Messenger mine, York, Mont. Data from S. H. Lorain (69) in 1937. For 
geol features, development, and mining by overhand stopiug, see Art 40. Usual width 
of ore, 4-10 ft; aver dip, 40®. In 1937, underhand stoping seemed to be successful in one 
stope, and its adoption as standard was anticipated. Fig 213 shows general procedure. 
Vert distance between main levels, 150 ft. Intermediate level shown has no sjiiccial 
significance as to mining method, liaises, 10 by 5 or 6 ft in sec, are spaced irregularly as 
convenient. Ore is benched downward in slices, and delivered to and down a central 
raise by scrapers. Stope face is kept at a low inclination to afford secure footing for mniers, 
drilling with jackhammers. Protection for miners is by rows of 8-in stulls 7 ft apart, 
lagged with 3-in sawed or 5-in round lagging, and covered wbh a thin layer of waste. 
Rows of stulls are 15-20 ft apart along the dip, depending on the ground. 


36. OPEN UNDERHAND STOPES, WIDE VEINS 

General. Narrow-vein methods (Art 35) can sometimes be extended for use in wide 
deposits. In veins over 15 to 18 ft wide, the usual economic limit for sttills (Art 38). 
pillars of ore must be left to support walls and slabs. These methods are therefore limit^ 
to orebodies with strong walls and strong ore where dip is steep, or with at least a stronif 
hanging wall where dip is flat. 
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Candelaria Mining Co, Chihuahua, Mex, haa mined a vert oreshoot (length over 100 ft, aver 
thicluieee, 33 ft, crumbly porphyry footwall) by underhand stoping. Horia timber truesea placed 
across etopc supported the walls at intervals of 4 to 6 ft vertically and 5 to 8 ft horiaontally. This 
was tried because ground was very wet, and the water level was lowered so slowly that it was inad* 
visabie to delay production until the orebody could be attacked from below (170). Some stopes 
were timbered with square-sets (see Art 43), but elaborate timbering in wide underhand stopes is 
not generally feasible. 

Heading method has a limited application to wide, steop-dipping veins or lenses. 
Fig 214 shows its simplest form. A shaft is sunk in orebody, and levels started at 50 to 
lOO-ft intervals along dip. Drifts are run out 15 to 60 ft; then a vertical or inclined 




CROSS-SEC A B 


LONG^T-SEC 


raise is put up to within 20 or 30 ft ^ r^A 

of level above. From top of raise a k % ^ [ r 

drift, or headivo, is started and ^ 

widened to walls of deposit. Ore ^ 

below tiie floor of heading is broken ^ 

down into the raise. When stope is 

well opened it has appearance shown ^ ^ ^ 

in Fig 214; heading is kept only a \ y. ^ I 

short distance in advance of bencii; \ uki 

auxihary raises R may be made for 

access to stope; pillars of ore may CROSS-SEC A B LONGIT-SEG 

be left irregularly a.s required. pjg oj^ 

(Note similarity between .shape of 

8toi)c face and mctliod of breaking ground here and in breast stoping, Fig 183, 184.) 
Bench may bo broken in vertie.al steps, or in slices parallel fx> the face, as shown by dotted 
lino (I'ig 214); deep holes and heavy charges may bo used for blasting. 

Above method is simple and retjuiros little dead work; it leaves a liigh inaccessible back 
over slope, and over floor on which trunuriers work: breaking ground is cheap, but all 
broken ore must be handled by hand shoveling or mechanical loaders (Sec 27) and much 
blockholing and sledging may lie ncces.sary. From 20% to 50% of the ore is left in pillars, 
some of which may be recovered at considerable expense by first filling sto]>es with waste 
rock. It is sometimes possible to break the arch pillars into the open stope below, beginning 
at boundary and retreating toward shaft; in old workings this is apt to be dangerous. 


Fig 214 


Fierro, H M. Data from L. M. Knifhn (16S) in 1030. Irregular, lenticular replace¬ 
ment bodies of hard magnetite, aver 40 ft thick (200 ft max), dip 50°-60°; ore and walls 



Fig 215. Underhand Stoping, Fierro, N M (1G8). (Longit sec in plane of orebody) 


strong, though fractured by minor faults with small displacement. Developed by adit 
and haulage drift along footwall, 350 ft below outcrop, with chute raises A 150 ft apart 
and manway raises H midway between them (Fig 216). At 26 ft above level, each chute 
raise is enlarged to a grizzly chamber (bars with 16-in openings), above which 2 diverging 
7 by 10-ft inclined raises C with min slope of 38° are driven to intersect similar raises from 
adjoining chutes. Raises are connected by an intermediate level 175 ft above haulage 
drift, and by a subdrift E 25 ft below tlie intermediate, leaving a 15-ft floor pillar. Under¬ 
hand sloping begins from this suhdrift, and proceeds downward by benching with jack¬ 
hammers until the triangular block between 2 raises is reduced to a small protective pillar 
above the grizzly chamber. Manways between main chutes are then converted to chutes, 
as at D, with grizzly chambers for mining, in similar manner, the triangular blocks above 
them. Low-grade patches usually afford the necessary pillars; where good ore must be 
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thus sacrificed, most of it is recovered later, with estimated loss of 10% of marketable ore. 
No timber is required in stopes except for temporary bulkheads and manways; most of it 
is used repeatedly. Output averaged 10.1 long tons per man-shift underground in 1929. 
Explosive (50% gelatin) per long ton, 0.355 lb for sloping, 0.096 lb for secondary breaking, 
and 0.580 lb for all purposes, including drifting and raising. 

Sherritt Gordon mine, Manitoba. Data from E. L. Brown (162) in 1033. Two 
lenses of ore, 4 200 and 5 800 ft long, occur in shear zones along contact between gneiss 
band on hanging wail and highly squeezed conglomerate and quartzite on footwall. Ore 
is a coarse-grained mixture of pyrite, chalcopyrite, and sphalerite, with rock inclusiona. 
Width of ore, from few’ inches to over 50 ft; aver, 15.5 ft; dips, 30® to vert. Walls are 
strong and sharply defined. DEVKLOPMBisn'. Main shaft is in footwall, on incline of 51®. 
Main haulage drift H, Fig 216, at depth of 500 ft on incline, was driven along footwall, 
about one-tliird of face being kept in ore. In central portion of orebody, drift is 7 by 15 ft, 
for double track; i\ear ends, it is 7 by 8 ft, single track. "Second” and “first” level drifts, 
respectively 150 and 300 ft above haulage level, measured on inclination of shaft, are in 
footwall, 10-15 ft from the ore, and are 4 by 6.5 ft in sec. Raises, 5 by 5 ft, 120 ft apart 
along strike, extend along footwall, in ore, from haulage level to .surface, or to uppermost 

mining limit. Crosscuts connect 
raises with drifts on the 2 upper 
levels. Stuping. For method 
used in flat dips, see Art 34; 
underhand mining is used where 
dip oxcccsds 45°. Along footwall 
side of haulage' drift, at 30-ft 
intervals, “ boxholes ” (chute 
raises) are driven. A “stope 
floor” (Fig 216) is first cut out 
above haulage level by slabbing 
around tops of boxholes, until 
both walls are exposed, and by 
funnelling the boxholes until they 
connect with each other. At elev 
of “second” lei'cl, a breast-stopo 
cut (.4.rt 30) is started by slab¬ 
bing around a raise until both 
waljs are exposed. Retreating in 
one direction from the raise, ore 

Fig 218. Underhand Stoping, Sherritt Gordon Mine, Man- then mined in 8-ft vert slices, 
ituba. (Longit sec in plane of orebody) each shce being mined by bench¬ 

ing downward in succcasive 10-ft 
cuts until the “stope floor” below is reached. Bench ne.xt to raise includes whatever 
ore exists on hanging-wall side of raise. Drilling is with jackhammers, holes 10 ft 
deep. On first bench, holes are at the comers of 2-ft squares, close-spaced to avoid 
hang-ups in the raise; otherwise, bench holes are 3 ft apart. A “goat path,” 3-4 ft 
wide, is cut into and along the footwall at top of stope for access to benches. Crosscuts to 
this path are driven from footwall drift (“second” level) to reduce traveling distance along 
the path. Ladderway and pipe lines are carried along footwall from path to bench. While 
working on benches, miners wear safety belts. Stope faces are usually carried back 50-55 ft 
from center line of raise, thus leaving rib pillars 10-20 ft thick, depending on width of 
ore. If a lean or narrow section of ore occurs before stope face has retreated to the regular 
pillar location, such section is left as a pillar, and the regular pillar stoped out. Aftnr the 
benches of first lift above haulage level have retreated 30-40 ft back from center-line of 
raise, a similar stope is started at the elev of the “first” level. Later, a third series of 
benches is started from a sub-level above the “first” level. Broken ore falls through the 
open stope to the boxholes below, and is drawn off at the haulage level. All stoping is done 
on contract; rates in 19.32, covering labor and explosives, were 30^ per ton on widths over 
15 ft, to 50if per ton or widths less than 6 ft. In 1931 and first half of 1932, stoping costs 
per ton were: labor, $0,298; explosives, $0.21; drill repairs and supplies, $0,055; steel 
and sharpening, $0,067; comp air, $0,028; miso and general, $0,089; total, ^.747. 
Underground base-wage scale per shift: motormen, $4.25; machine^en, pipe fitters, 
trackmen, cagers, $4; helpers, loaders, muckers, nippers, $3.50. Powder cost, $9.05 per 
case 40% gelatin dynamite. 

Above method might be classed as sub-level stoping (Art 43), but underhand mining is 
the dominant feature. Differences from ordinary sub-level stoping are that sab-levels are 
much farther apart, and sub-level drifts are not driven in the ore. 
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37. UNDERGROUND GLORY-HOLE METHOD 

This method, also known as VMDBRQiiotTND MiLLma^ is an adaptation of opencut meth¬ 
ods of same name. The top of a raise is widened in all directions, making a funnel opening 
(globt, or uiij, BOiiB), widened and deepened by underhand stoping. Face of hole usu¬ 
ally carried in benches, forming in plan rough concentric circles or ellipses around the 
raise (Fig 218). Slope of face must be steep enough for broken ore to slide to the raise. 

Often, before tmderground milling begins, sub-levels are run through the orebody to 
connect raises at vert inter\'als of 25-50 ft. Bperr states that, for economical work, raise 
interval on each sub-level should not exceed 25 ft. This condition can be met by inclined 
raises branching from main vert raises. Economic interval between raises and sub-levels 
depends also on hardness of ore. (Full discussion of branched-raiso method in Bib 182.) 

Applicability. Method is limited to large orebodies, as masses or wide veins, with 
strong walls and ore. Glory-hole walls become inaccessible as stoping progresses, with 
great danger from falling slabs in any but strong ground. Application of method to narrow 
inclined deposits is limited to those having dips steep enough for the footwall to clesu itself 
by gravity. Ore breaking and handling are cheap, high benches being carried with deep 
boles. Since no sorting is possitre in stupes, orebodies must be uniform. 

Fayal mine, Minn (183). Hematite, underlying a cover of 65—90 ft glacial drift, was 
formerly mined by underground milling in rooms 24 ft wide, GO ft high, and up to 100 ft 
long. A drift was run under center of proposed room, with raises to top of ore about 50 ft 
apart. A wide drift was then run over top of room and timbered with saddle-back 
stxills (Art 38) and heavy lagging, under which ore was milled into raises. Pillar widths, 
23 ft. When a room was mined out it was hlled, intervening pillars being mined by top 
slicing (Art 70). Timbering backs of glory holes is rarely feasible. 

Section SI mine, Marquette Range, Mich (153, 184). Fig 217, 218, show method 
of mining a steep-dipping lens of medium bard hematite; footwall, dioritc, hanging. 



Fig 217. Glory-hole Mining, Marquette Range, Mich 

jaspilite. Shaft was in footwall. To open a level a crosscut was driven from foot to hanging; 
walls were then followed until drifts connected (see plan, Fig 217); crosscuts were driven 
between foot and hanging-wall drifts at intervals of 60 to 60 ft. Footwall raises were put 
up to level above for ventilation, when development had advanced far enough for a chute 
to be operated without interfering with other work on#level; other raises were as shown, 
all vert or nearly so, excepting a few next to hanging. Ideal cross-sec (Fig 217) shows 
stages of work; on 820-ft level, development is partly completed; milling has started in 
raises above 76i0-ft level; between 700 and 640 ft, a more advanced stage is shown; work 
on 640-ft level has reached final stage of removing pillars. To explain the method 4 
operating levels are shown; in practice, all stages of work occur simultaneously in different 
parts of a lift. Fig 218 shows detail of milling. Breast slopes S are started near top of 
each raise, leaving a 6 to 10-ft chain pillar ^lnder level arl)ove, which supports the level 
until ore above has been removed. Ore below breast slope is milled into raise, and 
milling continues downward to lines abcef, where ore will no longer slide on face of stopte. 
Robbing the V-shaped pillars over level alx>ve then begins from raises r, the pillars being 
thinned down until they will just supp)ort caved material alxtve. Ore is dumped into open 
slopes below. Holes are then drilled in remaining pillars and in level-mllars L. all being 
fired together in sections, beginning at boundary and retreating. Broken ore from pillars 
is drawn through chutes b and e; some ore is lost by mixing with waste, which falls when 
pillars ore broken. At this mine a rigid geometric^ plan could not be followed, because 
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of numerous intersecting dikes. An attempt was made to locate development raises to 
reach thickest portion of pillars on level above. This method proved economical and 
safe; no timber was required except for chutes, and ventilation was good. It is stated 
tliat the percentage loss of ore through contamination with waste was low. 

El Potost mine, Chihuahua, Mex. Data from H. A. Walker (174) in 1934. Hij^ly 
irregular lead-zinc-iron sulphide replacements in limestone have been worked to depths of 

2 800 ft. Orobodies are in 2 typical forms: chimneys, of which a large one may have 
a horiz area of 10 000 sq ft and depth of 1 000 ft or more; 
and “mantos,” long, ramifying, nearly horiz channels, 30- 
150 ft wide, S or 10-20 ft (rarely 60 ft) high. There are 

3 vert shafts, one for ventilation only. Level interval, 165 
ft. Fig 219 shows method of mining chimneys. A 5 by 
7-ft raise, centrally located, is driven from one level to next 
above, and near the bottom has a bulldozing chamber. 





Fig 219. Glory-hole Stops 
in Chimney Deposit, El Po- 
tuel Mine Chihuahua, Mex. 
(Vert sec) 


Mining begins by breasting around the raise on upper level; benches are then started by 
drilling, with jackhammers, 2 concentric circles of down holes around top of raise. 
Holes, 0-8 ft deep, have a burden of 3 ft, and are inclined toward the raise. Explosive, 
30% gelatin. Benches usually 6 ft high and 6 ft wide. After making the initial bench, 
a grizzly, with 10-12-iu openings, built across the raise, prevents boulders from entering 
and blocking the raise, and is a safety measure. The grizzly is moved downward for 

successive benches. It is of old rails 

ii t ii^ ft a iE ST r fn'ftrrnir Ilmftrti I III! m 

supported by wooden stringers. Griz¬ 
zly in bulldozing chamber below is of 
crossed rails, with 10-in squaro open¬ 
ings. Access to benches is from level 
above by wire-rope ladders. Pathways 
along benches have cable handholds. 
Men are guarded from slipping down 
glory hole by ropes around their 
waists. In an unusually wide chimney 
Vert Sec ao interme<Hate level is driver, about 

Fig 220. Glory-hoi • Stopine in a Thirk Manto, half way between main levels, and 

El Potoai M4nt, Chihuahua, Mex the block between main levels is 

mined in 2 stages. A l(>~15-ft shell 
of ore is always left dircctlv above a level, whether main or intermediate, as a pro¬ 
tection until stope below is finished. 

Wide mantos are min.-‘d as shown in Fig 220. From a haiilage level beneath the manto, 
raises, 150-200 ft apart, are driven i.o level above, or to top of the manto. Mining pro¬ 
cedure is same as in chirrincys until ore will no longer run into raises by gravity; ^en 
scrapers aie used, with triple-drum hoi»t.s and lo-hp elec motors (Art 91 and Sec 27). 
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MaBCOtmine, Maacot, Tenn. Data from H. A. Coy (175) in 1930. Vnnlets and warn* 
of sphalerite occur in dolomitio limestme beds dipping 18°-22”. Thickness of ore varies 
to max of about 100 ft. The strong dolomite hanging wall will stand indefinitely over 
unsupported widths of 100 ft; mineridised dolomite does not stand well without support. 



A vert shaft is started in hanging wall. From a main haulage level, at depth of 620 ft, 
2 inclines extend up and down the dip, and from these, working levels are driven in ore at 
varying intervals (Fig 221). From some of the levels, crosscuts into the footwall allow 
the mineridised beds to be attacked from'below through 6 by 5-ft vert chute raises A, 


Fig 221. Part of Maacot Mine, Mascot, Tenn (175) 
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which wo later reamed to 10 by 10 ft. In such case, mining is by glory-holing; where 
development within the footw^l is not wwranted, ore is mined by breast and bench 
(Art 31), shoveling or scraping of ore being necessary. In either case, a raise is driven to 
top of ore and a heading, about 8 ft high, is advanced under the roof. Ore below is mined 
in benches 4 ft wide by 10 ft high, drilled with single row of vert holes and blasted with 30% 
gelatin dynamite. Ore broken in glory-holing faUs through chute raises into cars in 
haulagcways. Breast and bench stopes start as glory holes and so continue until ore will 
no longer run to raises by gravity; then scraping begins and in this sense only does the 
method change from ordinary glory-holing. Pillars are of varying size and spaced at 
irregular intervals, depending on ground conditions. On basis of 528 626 tons produced 
in 10 mo of 1929, output averaged 10.83 tons per man-shift (9-hr) of underground labor. 
Explosive used, 0.502 lb per ton. 

Granby Consol Co, Phoenix, B C. A novel and modified glory-hole method is described 
by R. Dunn and L. R. Clapp in 1923 and 1921 (185). Spiral raises, started from top of a 
chute raise, are carried up on grade flat enough to jicrmit men to walk up. Diam of spiral 
is increased as raises advance, the interior cone being mined as they are driven. Result 
is a funnel opening above each chute raise, extending to top of ore. Spiral raise with inner 
side open climbs sides of funnel, and is connected at extremities of its swings with manway 
raises in pillars at each end of stoi>e. If necessary, more than one spiral raise i.s driven in a 
stope. Subseauent work consists in widening the spiral and breaking down the benches 
between its turns. All ore falls to central opening, which is draw’n empty daily, the long 
fall into empty glory hole tending to break up slabs. Where required to support heavy 
ground, a rib of the spiral is left as a strut across stope, being drilled before passing it and 
later blasted. L. 11. Clapp points out advantages of method over ordinary glory-hole 
work; men always work close under back; access to working place is easy and safe; 
method is flexible, since loan ore or dikes can usually be left as pillars and taken down later, 
and work can readily be changed to any part of stope to adjust type of ore mined to 
smelter demands. Chute raises are equipjwl with bulldozing chambers. Ore is very 
hard and breaks in slabs; cost of blockholing is almost as great as primary blasting. Out¬ 
put per miner-shift varies from 20 tons in newly oiiened stope raises to 150 tons in older 
stopes. For later modifications of this method, see Bib (096). 


38. OPEN OVERHAND STOPES, NARROW VEINS 

General plane of mining are shown in Fig 222 to 225. Overhand stopes are practically 
inverted underhand stopes (.Art 35), miners working upward underneath the ore to bo 
broken. Details vary with modes of breaking ground, handling ore, and supporting walls 



SECTIONS IN plane OF VEIN 
Fig 232. Open Overhand Stopes 

and men; dip of vein and distribution of ore are the principal factors causing variations 

Open stopes are limited in general to deposits having strong w'ulls and ore strong enough 

to stand unsupported over back of stope. Stories are preferably started from bottom of a 
raise, successive horiz slices being taken (Fig 222). First slice, directly over level, is the 
cuTTme-ot’T stope; succeeding slices are 1st, 2nd, 3rd, etc, back-stopes. Stopes may be 
BINOLE (a), or DOTTBEB STOPES (h) (Fig 222). Terms toe and heel sometimes designate 
bottom and top corners of stope face. The drift and cutting-out stope may be excavated 
together making a prift ptopb (Art 41). Rile stopes have a longit sec like on inverted V 
(5, PTg 222); inclined faces may be produced by keeping the faces of successive back- 
stopes close together, or by using inclined slices (Fig 223). Sloping with inclined slices is 
more useful in filled than in open stopes. In flat-back stopes (horiz or longwall stopes). 
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the face is advanced in a general line parallel to the level, by keeping faces of suocesnve 
baok-stopes far apart (Fig 224). Many combinations between rill and flat-back stopes are 
found. The number of back-stopes advanced simultatieoualy determines number of points 
of attack, and this, in combination with width of vein, determines doily output obtainable 
from a stope. If back-stopes are too close together, miners working on adjacent faces inter¬ 
fere with each other. General term btbppeo-facb ovbbhand btopb denotes stopes likA 

Fig 222, or intermediate forms between this and 
Fig 224. All these terms describe overhand stopes 
of same form in wide orebodies. 

Local conditions may require stopes to be opened 
in the back of a drift without flrst driving a raise, 
as in mining portion TF F of vein in Fig 207, or in 
case of small irregular oreshoots with problematical 


A 


Fig 223. Inclined Slice (See in 



Fig 224. Flat-back Stope 
(Sec in plane of vein) 


extent above the level. Raises insure natural ventilation, furnish points of attack for 
starting stopes, and provide entry and facilities for lowering timber, etc, into the stope. 

Development. Fig 107 shows typical development in a vein, providing requisite 
openings for overhand stoping. 

Breaking ground (see Art 26 to 28). 

Support and protection of levels. Broken ore from an open overhand stope slides or 
falls to level below; hence a barrier is necessary between level and stope to protect men' 
and keep broken ore off haulage tracks. Protecting the bank of level also allows broken 
ore to be loaded through chutes (Art 90) and avoids shoveling. Practice varies with dip 



and width of deposit, character of walls, and local custom. Stulls usually protect back 
of level in narrow veins having walls strong enough to support them; Fig 225 shows com¬ 
mon arrangement; a cutting-out stope is taken before the stulls are placed; distance 
between stulls and back of cutting-out stope, 7 to 10 ft. 

Stulls ore of round timbers, di^, 8 to 24 in or more^ usual spacing, 3 to 6 ft, rarely 
exceeding 6 ft; occasionally, they are close together (Quincy mine. Art 41). LaGoiNa 
poles, 4 to 6-in diam, or slabs or planks (see Timbering drifts. Art 21) are laid on the stulls. 
In open stopes, a 3 to 4-ft layer of broken ore is left on lagging to protect it from blasts and 
falling ore; this is removed when stope is finished. A pocket called a hitch is out in 
footwall with a moil or plugger-drill to receive foot of stuil, which is flattened as at A, 
Fig 226, to prevent it from rolling. Hitch may be only 1 or 2 in deep in strong rock; a 
weak footwall may require hitches 6 or 8 in deep or more; loose ground must be removed 
before cutting hitch. Head of stuU is square and to distribute pressure rests against 
BBASBOABD B (smnetimes called a cap) of 2 to 4-in plank; where necessary, wedges 
are used between headboard and hanging. Headboards and blocking are compressed by 
initial creep of ground and protect stull from splitting. Stulls are set at a steeper angle 
than the normal to the hanging wall. In Fig 226, line cd is norma) to hanging wall; angle 
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dcbiBANauDOFTiNDKBUB. Setting of stuUs Varies.’ W. E. Sanders states angle of underlie 
should be about 0.25 X angle of dip of vein (186); T. Johnson favors a max underlie of 10° 
for dips of 60° or over, and a ratio of about i/g between angle of underlie and angle of dip 
on flatter dips (187); usual practice in U S is between these limits. Object of setting 
stuUs with an underlie is to prevent their falling under weight of ore or waste, and to 
cause them to tighten under small settlement of hanging wall. Foregoing detail applies 
to placing stuUs in both overhand and underhand stopes, as well as to stulls over levels. 
If footwall is weak a falsk btuix may be set imderneath main stuU (fig 227). In steep¬ 
dipping or vertical veins with poor walls, stulls over levels may be reiaforced. Fig 228 (186). 

Max economic length of stalls, placed as in Fig 226, is 12-20 ft, depending on rimb er 
■upply, facilities and room for handling timber underground, later^ pressure from walls, 
and relative cost of alternative methods. Usual max width of vein in which single stulls 
are used to protect levels (also for supporting slabs and men in open stopes) is about 16 ft. 
Saddus-bacr stulls (Fig 229) may be used in veins up to about 25 ft wide. They lack 
lateral rigidity, and are apt to fail by buckling sidewise; they will support vertical wt of 
broken ore or waste, but do not resist wall pressure; joint at apex must be carefully framed 
and fitted. They have a limited application, and many engmeers object to them under 
any conditions. 

Advantage of stall timbering for levels is that the stope from below can be readily 
broken through to level above, and without distinbing the waste and debris which accumu¬ 
late on stulls under exhausted stopes. 



Stull back Stull 


Stulls and posts may be used in steep-dipping veins, 12 to 20 ft wide, with weak walls. 
The Stull is set with a flat underlie (generally in hitches), with posts under both ends, and 
at intermediate points if required. 

Drift sets (Art 20) are common for protecting backs of levels under stopes in narrow 
veins with weak walls; like stulls, they are placed and lagged after the cutting-out stope 
is broken. Ualf-sets are used where one wall is weak; tbrek-quarter bets, where 
both are weak. 

Pillars of ore Gevel-pillars) may be left over level at bottom of overhand stopes; Fig 
230. In this case, stopes are opened from a sub-level (stoi)e-drift) A, and connected with 
it by short raises B, in which chutes are built; wedge-shaped piles of ore, collecting between 
chutes on top of level pillars, are cleaned off by shoveling when stope is finished. Pillars 
may sometimes be recovered prior to abandonment of level. In open stopes, choice usu¬ 
ally depends on comparative cost of timbering, extra cost of the sub-level, and net value 
of ore left in pillars (20). 

Packwalls may bo built above level on flat dips and holes left in them at intervals 
for clmtes (for detail, see below under Support of walls). Need for protecting the level 
diminishes as dip of vein decreases; no protection is necessary where dip is less thitn 20°; 
for varying practice on dips of 30° to 40°, see Art 39 to 41. 

Support of level above stope. Pillars of ore are left where it is necessary to keep 
■die upper level open (Fig 252). Such pillars may be also required to supporc walls. 
See below and also Mohawk mine. Art 41. 

Support of men. On dips less than about 40°, men can stand on and work from foot- 
wall, no provision for their support being necessary; on steeper dips, timber staging is 
required. Stulls in rows 6 to 12 ft apart vertically are used in veins where width does not 
exceed max economic stull Imigth; interval between stulls is 4 to 6 ft (Fig 231); men stand 
on temporary platforms of plank, slabs or lagging laid on stulls; temporary stuUs may be 
put wherever required to keep miners up to the face. Stopes thus timbered are STULUm 
STOFaa (for examples, see Art 39). Square-sets and other timbering are used in oi>en 
stopes in steep-dipping veins, too wide for stulls (Art 45 to 54). 
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Support of walls in individual atopea, in veins worked by open overhand etope meAod^ 
is by definition of open stope to timbering, pillars of ore or waste, and a^ficial 

Dillara. Stulls are commonest timber support in narrow veins (see above, under Protection 
of levels, for economic limits of length). When placed as in Fig 231, they auppi^ lw>ae 
Stulls do not adequately support very shelly walls, or those which slough off on 
expo^ to air; for such cases square-eets or other timber (Art 45 et aeq), with lagging 
along walls, may be employed. Open stopes are not adapted to veins with weak w^li« 
fillin g systems (Art 69 to 66) usuall^ preferable. Timbering in general is to support slabs 
or to hold walls temporarily until the stope can be abandoned and allowed to cave; it 
will not permanently support the weight of rock overlying a deposit. For examples of 
BtuUed stopes, see Art 39. 

Artificial i^ars. Usually, in narrow veins, waste is piled on stulla (Fig 210). Fig 23Z 

shows an overhand stope thus supported. H. C. Hoover states (20): " This system 





r. 


SEC IN PLANE OF VBN 

Fig 231. Stalled Stope 


' _ r\ \ CB068-6EC AB OCO in ri.nnB wr 

Fig 230. Lev’cl-pillars, Overhand 

Stope (Sec in plane of vein) Fig 231. Stalled Stope 

implies a strong roof which does not demand continuous support; it effects ecoiiomy 
in Stulls by using waste which accumulates underground; artificial pillars also apply to 
cases where stulls alone are not sufficient support, and yet where complete filling or square- 
setting is unnoccssary; under propitious conditions they have the comparative advMtage 
over timber systems of saving timber and over filling systems of saving imported fiUing. 
Inverted V shape of pillars (Fig 232) allows broken ore to sUde to the level without espe¬ 
cially built passes; when this system is employed, more special staging must be provided 

for miners than in square-set or filling systems. . oo rr.v 

Cribs or cogs are used for roof supiwrt in flat deposits; examples. Art 33. Iney are 
adapted to temporary support, prior to abandoning a stope or filling it with waste. For 
Bimilur use of coNCRKTE I'lLLAKS, 866 Fig 181, 198, and text. 





1 ^ ' 

Fig 232. Artifioial Pillars 
(After Hoover) 



Fig 233! Fackwall (After Johnaon) 


Paokwalla (Fig 233) are sometimes built on the upper side of levels in veins dipping 30* or less, 
to protect them and to support the hanging wall when ore is completely removed; they may also 
be employed as artificial pillars in stopes. T. Johnson (187) comments on Rand practice as MIom. 
packwalls should be built nearly at right angles to plane of deposit, and not with vertio^ end wrfla, 
which may fail by slumping " upbrow ” (up the dip); in long paoks, middle portions of walla b^ge 
and eventually fail. Stulla are placed as in Fig 233, with or without lagging to steady the walliu 
until Wright comes on; email timbers serve this purpose. Small waste should be thrown in wMe 
walls are bring built, to form bedding for large boulders and give solidity.^ It is advisable to bind 
walls to inside of paok with pieces of old pipe, rails, rope or boards, particularly at oornere. For 
wire-bound paoks on Rand, see Art 33. , . ... . ^ 

Pillan of ore may be left in an overhand stops, where the hanging wall will stand unsupported 
between them, end where net value ore in pillars will not pay for alternative modee of support. 
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Low-grade or waste porttona of an ore-shoot are usually left aa i^lan; temponry piUai* of ore (as 
level-pilisrs) are common; use of pillars for permanent support is confined to low-grade otebodiea> 
usually to extensive deposits lying on flat dips. For examples see Art 40, 41. 

Control of hanging wall over entire mine, in veins worked by open overhand etoping: 
(a) In veins where ore is in shoots, the barren areas oft^n serve as pillars; support in 
individual stopes is obtainable by one of the above methods, depending on size of stope 
and character of walls, and stopes will remain open indefinitely or cave after they have 
been abandoned. For permanent support to protect shafts, surface buildings, etc, 
exhausted stopes may bo filled, (b) Where ore is continuous over long distances, the 
hanging wall may be supported on permanent pillars of ore. Flat-dipping, low-grade 
amygdaloid copper deposits (Mich) furnish an example of this practice (Art 41). (c) In 

continuous orebodies, stoping on each level inay be carried to property line or to limit of 
ore, lea^nng temporary pillars, often of large size, to support roof. As much as possible 
of the pillar ore is then mined, retreating from boundary toward shaft, and tlie hanging wall 
caves over robbed areas (see Clinton iron ores. Art 40). (d) In continuous orebodies of 

good grade, or at great depth causing heavy pressures, levels may be driven to boundaries 
before stopes are begun above them. Ore is stoped in blocks, starting at boundary, each 
being mined before work begins in next one toward the shaft. Size of block is adjusted to 
pressure, kind of roof, and speed of work, so that the stope con be kept open with timber 
until finished; the hanging wall is then allowed to cave and work repeated in adjacent 
block (see Calumet & Hecla, Art 39). The foregoing remarks apply to open stopes; for 
support of walls by filling, see Filled stopes. Art 59--66. 

Handling ore. In HTEBP-DipriNO veins, ore broken in open overhand stopes goes 
by gravity to level below. Loading chutes are built in openings in level timbering or 




Fig 235 


pillars at intervals of 15 to .30 ft (for details, see Art 90). Minimum angle on which or© 
will slide depends on cliaractor of ore and footwall; soft ores often slide less easily than 
hard (see Hirmingham, Ala, Art 40). Angle of fviijtion varies with ore; an irregular foot- 
wall causes ore to hang; minimum angle, usu.ally about 40°; varying from 35° to 45°. 
In open, overhand work, no ore is stored in the .stope except the small amount left on 
level-pillars or to protect level timbering. W'incj stulls (Fig 234) (winged Stulls or wing 
chutes) are sometimes used to facilitate handling ore in steep-dipping veins, where all the 
vein matter is sent to surface. They permit wider chute spacing and eliminate shoveling 
into chutes ore that otherwise fonns cones or pyramids between chutes. 

On dips between 35° and 40°, movement of ore from stope face to level must generally be aided 
by shoveling. In some districts no level timbering is used on these dips. The ore runs into the 
level and is shoveled into cars, or slides onto platforms at foot of stope, high enough for ore to be 
shoved off into cars or shoveled with a low lift (see Mich copper mines. Art 39 and 41). In West 
A ustralia, levels are timbered on flat dips, as in Fig 235, drifts being far enough in the footwall to 
give room for cars below lip of chute; this kind of timbering is used in filled stopes also (ffS). In 
flat deposits (less than 35°), scrapers and other meehanioal devices are used to reduce ehoveling and 
cheapen stope transport (nee Art 91; also Sec 27). 

Handling waste. Sole meanz of storing waste sorted from ore in open overhand stopes 
on steep dips is by piling it or stulls (Fig 232). Since this provides limited storage, these 
stopes are not suited to ores containing much waste which it is desired to sort out under¬ 
ground. In flat stopes, some waste may be utilized for packwalls or filling cribs, or it 
may be left on floor in middle of stope, but the cost of shoveling much waste to this point 
is usually prohibitive, and if it is left promiscuously on stope floor it interferes with transr 
port to the level and is mixed again with ore. 
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39. EXAMPLES OF PRACTICE, OPEN OVERHAND STOPES (Stalled) 

Crippl« Cr««k, Colo. During days of great activity in this district, open overhand 
Btoping with stulls was widely practiced. Veins mined with stulled stopes were narrow 
and nearly vertical, with sound walls of andesite, tuff, breccia, etc, and strong, often high- 
grade ore, in irregular shoots. Wolcott gave following data in 1908 (142). Fig 236 dhows 
method of stoping and timbering in veins up to 8 or lU ft wide, where back-stopes were 
broken with uppers. A flat-back stope was carried, with stulls 5 to 7 ft below back, and 
enough lagging on top row for a working platform. 


Formerly (1906) 2.25-in piston-drills were used and height of slice taken in one back-stope was 
4 ft. Permanent stulls were say 7 to 8 ft apart vert and 5 to 7 ft horic; 2 sheas were taken across a 
stope before setting second row of stulls. Part of the broken ore was left on lagging, or temporary 
stulls (sprags) were put in to keep men up to the back while mining the seoend slice. In later 


practice, stope-drills were used, making deeper holes, 
and 6 to 8-ft slices were broken in one operation. 
Manways M were often formed at ends of stope by 
lagging a vert row of stulls. 




Fig 236 


Fig 237 


Portland mine (in 1907). Some stopes were carded, as in Fig 237, with stulls 4 or 5 ft below 
back of stope. Small piston-drills were mounted on a bar at A, in stopes less than 8 ft wide, or 
in wider stopes on a column set between the back and a muck pile on lugging. Stulls were spaced 
6 ft horia and 7 or 8 ft vert, with lagging poles, 6.3 ft long, as shown. The lagging supported broken 
ore, provided a place for machine men to stand without staging, and prevented large pieces from 
falling and injuring stulls below, A flat-back stope was carried in 8-ft slices. As face advanced, 
lagging at the rear was removed and muck dropped Oown, large boulders being broken before they 
were allowed to fall. Lagging was reused on higher rows of stulls (B, Fig 237). 

Wright-Hargreaves mine, Ontario. Data from L. B. Smith (176) in 1934. Gold ore 
occurs in fissure veins in porphyry. Metallic minerals are chiefly pyrite, tellurides, 
chalcopyrite, free gold, and molybdenite. Veins range in width to 15-18 ft, but are 
usually narrower. Three main veins: (a) " North ” vein is a well defined fracture, bor¬ 
dered by brecciatod porphyry which is i>enetrated by quartz vcinlets; walls are indefinite 
and determined by values, close sampling licing necessary; dip, nearly vert; (b) “ South ” 
vein is of crushed and silicified porphyry, penetrated by stringers and bunches of quarts; 
usually there are 2 smooth, well defined walls which are weak and shatter easily; dip, 
nearly vert; (c) “ Inclined ” vein is a narrow quartz band accompanying a calcite-filled 



fracture; walls, highly altered porphsnry and hanging wall is very weak. Development. 
Level interval, 150 ft, with drifts in ore. Stopino METnoua. Shrinkage stoping (Art 68) 
is used in some cases where ore is over 6 ft wide and walls are good. FiUed rill stopes 
(Art 65) areoised in some parts. Open stoping with square-seta (Art 46) is used where ore 
is over 10 ft wide and walls are had. Open stoping with stulLs is commonest method and 
is suitable for widths to 10 ft, where walls are too weak for shrinkage stoping, but not 
weak enough to warrant square-setting; advantages, flexibility, continuity of operation, 
and safety to men. Open stopino with stulls (Fig 238). Back of drift is first raised 
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to height of 15-16 ft Above tail. BtuUs are then placed over the drift at 6-ft oentera 
except for chute sets, which arc at 5-fi centers. Stalled manways are carried up 90-100 ft 
apart. Stope breasts ^e S ft high'; usually 3 are advanced simultaneously in a given 
eeotion, and lagged-stoll floors are placed under each 24-ft cut. Chutes are raised by 
carrying two lines of etuUs 8 ft apart vert, lined with S-ft half-round timber. Mat of 
broken ore on floors prevents timber breakage and affords footing for miners. As the 
cuts advance, ore is drawn through chutes as in shrinkage mining. As rock is drawn, 
loose walls are stulled. Sloping routine eventually consists of advancing mining, followed 
by drawing of ore and mucking; muckers are followed by timberroen, who set stalls, raise, 
chutes, and place floor stalls and lagging. Flooring is of 6 to 8-in round timber, split down 
center and laid alternately round and flat side up. When slopes reach height of 40 ft, 
tugger hoists are used to hoist timber up manways. 

Liberty Bell mine, Telluride, Colo (131), Quartz vein, aver width, 4.3 ft; aver dip, 
67^; wall rocks, andesite, tuff and breccia; pay ore occurred in shoots of variable rise. 
Much mining was done in stulled overhand slopes, stoping practice and details varying 
with dip and strength of hanging wall. C. A. Chase gave following data in 1911. Ore 
was broken with vertical or highly pitched holes, drilled with stope-drills or hand augers, 
miners working on a partial floor near back of stope. \^'ing stuUs (Art 36) deflected broken 
ore to chutes at 25 to 35-ft intervals. Stulls, 8-in diam up, were placed 5 ft apart in floors 
7 ft apart. Working floor was chiefly of 6-in roimd timber; stoping floors, of round or 
BpUt lagging, 10.5 ft long. 

Tonopah Mining Co, Nev. Much mining in early history of the camp was done in 
stalled stopes. Ore occurs in quartz veins carrying gold and silver. Fig 239 is a cross- 
sec, showing method used in upper part of Mizpah vein; width, 5-30 ft; dip, about 70°; 

wall rock is dry andesite, which will stand for a long time. Ore as 



broken averaged $15~$25 per ton; no sorting done under ground. 

' Stulla piseed in linai 

_ to illow uia ot lenpon 


IVorked out stope j 

partly filled with waste ;; 

SC*;w -a.?..-** 5; i 

Track moved up'nrktntf 
Turn sheet^ 

Go-Devil incline 
through stopcv 


Chuti 


\ i / •' • * 

.t: \. -I /^Wnite. 

Waste f 'Ipohng 
sorted J 
out 

hoist & 

Rock wall built 'j 
slung main level 


Plnnk platform 
high enough 
to Knpc 
Into can 


O' 'V 
Waite rock 
thrown over poling 
down worked.out 
atope 


Main levels 300 ft apan 


Fig 239 Fig 240. Handling Ore in North Star Mine, Calif (578) 


Entry was by vert abaft; level interval, 100 ft. First row of stalls was horiz, 8 or 9 ft 
above level, and support^ by 2 or more posts on sills wedged between walls on floor of 
drift. Succeeding rows were set as usual at vertical intervals of 6 to 15 ft. Plank lagging 
was used for platforms and to protect stulls at level; wing stalls (Art 36) were often 
employed. Stulls were 8 in or less in diam, braced in wider parts of the vein by str its to 
BtuUs above and below (Fig 239). When a stope broke through to level above, the sills 
there were blocked up from the stulls below. 

North Star mine, Grass Valley, Calif. Data from J. A. Fulton and A. B. Foote 
in 1926 (578). Gold quartz veins, 1 in to 6 ft thick and averaging 16 in, occur in hard 
granodiorite. Portions of vein as narrow as 4 in are sometimes mined; aver stoping width, 
42 in. Dip is flat, av)'raging 26°. 

Main levels, 5 by 7 ft, are run on vein at .100-ft intervals. Stopes are carried up overhand, 
with Stull support as shown in Fig 240. Sub-level tracks are laid at 60-ft intervals for scraping and 
30*ft for ahoveling, being moved up as stope face recedes. Broken ore is shoveled or scraped into 
can of 1 500'Ib oapao on the sub-levels, and handled to main level by a go-devil plane (Art 91). 
About half the waste broken is sorted out in stopes. Stulis are used for temporary support and 
to keep blut^ ore from being blown down stope. Production is 0.95 ton per miner-hr and 0.9 ton 
per ehoveler-hr, which includes stowing waste, or 0.47 ton per man-hr in stope; ore recovery, 
probaUy over 90%. FootwaU is swept with brooms before stope is abandoned. 
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C«hui«t alfM, Mioh-(^, ^2, 480). Following paragropha daacaibe practice 

on the Ci^oHST coKObOKBHATa POBK, which has been worked about 2 miles along strike 
and to depth of over 8 000 ft down dip. Recrat annual reports indicate that work in 
deeper parts of mine has been stopped and recent work confined to extraction of pillars, 
retreating toward>the surface. For practice in amygdaloid lodes, see Art 41. 

Physical characteristics of ore and wall rocks. Calumet conglomerate lode is 12-20 ft 
thick and dips 36°-38°. liode consists of pebbles of felsite and quartz porph 3 nry, cemented 
by a mixture of rock and native copper. Tenor of ore mined is about 2% copper. Ore is 
tough and abrasive. Hanging wall is shelly diabase. Footwall is a fragmental amygda- 
loidal layer of diabase, relatively weak and with tendency to burst upward into openings 
when subjected to concentrated pressure, as from caving hanging wall. This condition 
was an important factor in selecting a retreating system of mining. 

Generid plan of mining in the conglomerate bed differs from amygdaloid practice 
(Art 41), because of the weak hanging wall and great depth of mine; a retreating system ia 
required by these conditions and also by high temperatures at depth, which necessitate 
go^ ventilation at working face; in advancing systems, much of the air current is apt to 
short-circuit through old slopes close to shaft. Sloping is begun either at the boundary or 
midway between adjacent shafts, retreating toward shaft; small blocks are sloped rapidly, 
held open temporarily by stulls and then allowed to cave; the only pillars loft arc the 



shaft pillars, extending 100 ft along strike on each side of shaft; these are robbed after 
hanging wail has settled around them, beginning at bottom and retreating up the dip. 

Development. There are numerous inclined shafts in the lode and several vert shafts 
which cut through lode at de|>th. Level interval is about 100 ft; higher stopcs can not be 
worked out quickly enough to allow control of hanging wall in lower portions of slopes. 
Drifts are 8 by 8 ft, and follow the footwall to take advantage of better ground and a well 
marked slip; double-track drifts in Red Jacket workings are 7 by 11 ft; drift-stopes 
(Art 41), where tried, have proved difficult and costly to maintain. A 7 by 7-ft raise is 
put up between levels at boundary or in the end slope om the level, for ventilation and to 
furnish points of attack foi sloping; as sloping progresses there is enough open space 
between solid and caved ground for these purposes. 

Sloping. Data from Henry Vivian, Ch Engineer (489) in 1931. Successive overhand 
back-slopes are about 6 ft high. Hanging wall supported by stulls during active life of 
slope, but caves later. Length of slope standardized at 100 ft; height limited to 100 ft. 
These dimensions permit mining entire slope before caving starts. An advancing system 
was used to depth of 6 000 ft, leaving floor pillars 8-15 ft thick under each level; these 
were later crushed by the caving of minod-out areas above and below, but were recovered 
profitably. Since 1909, and below 6 000 ft, a retreating system has been used exclusively; 
no floor pillars are left, so that all the lode material is mined. 

Details. Length of block sloped in one operation depends on speed of work and length 
of time that hanging wall can ^ held with timber; therefore on thickness of ore and 
I—J7 
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oharaoter of roof. Lbhoth of stofbs has been consistently shortened as depA inoresaed. 
At first, stuUs were used entirely for timbering stopes; later, due to increase in lode thick¬ 
ness, square-set timbering (Art 46) was standard and stopes were 200 ft long. Below 
6 500 ft on dip, the lode was generally less than 20 ft thick and stulls were again used, 
length of stope then being reduced to 100 ft. Spacutg of stulls in lower part of stops 
has become standardised, but spacing in upper part depends on foreman's judgment. 

Present practice (1931) calls for 4 



Fig 242. Section ebowing Removal of Floor Arob, 
Conglomerate Lode, Calumet, Mich (489) 


rows of 18-24-in stulls, set in pain 
with about 7-ft clear space between 
timbers in horiz rows and about 9 ft 
c-c between rows measured down dip 
(Fig 241). Those double stulls (" bat¬ 
teries ”) cover about 40% of height 
of entire stope. Above this height, 
stulls are placed singly, with a variable 
increase in spacing, depending on ap¬ 
pearance and behavior of hanging wall; 
the top 20-25 ft of the stope may need 
no timber. Experience shows that a 
stope should be completed in approx 
100 days. Dhillino is by mounted 
drifters, usually 3 machines, some¬ 
times 4, in a stope; slices are about 
6 ft high. Depth and spacing of 
holes are left to judgment of miner, 
but, for a 12-ft width of ore, an aver 
round for a slice consists of 4 rows of 


8 to 9-ft horiz holes, 3 holes per row, 
with burden of 2.5 -3 ft. PnocEntTHE. First or " cutting out ” slice starts at end nearest 
shaft and advances toward previously completed stope, which is usually well caved when 
first slice reaches it. Successive slices then extend from the caved stope toward the shaft, 
thus avoiding raise rounds to start each slice, and also the dangerous projection which 



Fig 243. Retreating Stoping System, Conglomerate Lode, Calumet, Mich, (x indicates position 

of drilis) 


would exist at the caved erd if a slice were approaching it. Just before completing a stope 
to the level above, a row of doubled 2-it or larger stulls (" breaker row ” B, Fig 241) is 
placed 3 ft back from the face of solid ore in the block next to be stoped; 'pairs of stulls 
are spaced 3 ft apart on the dip. This mtunteins a safe space from which the successive 
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back-stopes can be started. As the top slice of each stope is cut, the floor arch of level 
aboveiis drilled, but actual breaking of the arch is deferred until slice has advanced enough 
to leave a short length of protecting arch above the driller (Fig 241, 242). Last timbering 
in stope is to place heavy lagging along upper side of the lowest row of stulls; this faciii' 
tates recovery of floor arch from below. A complete raining operation on either'side of a 
shaft is a series of 4 retreating stopos on 4 successive levels, the top stope leading the next 
below by approx 150 ft, and so on down (Fig 243). No attempt is made to hasten caving 
of hanging wall in stopcs by renlO^’^ng timbers. Regulation of time of caving, if necessary, 
is by increasing or decreasing number of stulls placed during ncti^’c stoping. Hansuno 
BTOPan OBE. Tendency is for ore to break into slabs, so that, in spite of tlie relatively 
flat dip, most of the broken ore runs to drift below. For retreating slopes, chutes are 
rarely built, the ore being scraped irom the floor up a portable scraper incline liigh enough 
for cars to run underneath. About 15% of the ore fiom upper faces is scraped down to 
level by same scraper used to fill cars. Mine cars are of 3.7.>-ton capac and are end-dump; 
gage, 4 ft. Haulage is by storage-battery loco. otr i.apor. lu 1930, production 

by above method w'as 0.33 tons per rnan-shift charged to stoping; for all underground 
labor, 3.06 tons per man-shift. 

40. EXAMPLES OF PRACTICE, OPEN OVERHAND STORES 

(Support by rillars of Ore) 

Edwards mine, St Tiawrence County, N Y. Data from J. B. Knacbel (253) in 1932. Lenticular 
masses of line oie tpyrite and mjirmaliir), aver about 17% Zii, occur as repluoeiueuts in silicified 
dolomite, l^snscs are 5-2.> ft thick, lOt) 2(t0 ft long on the strike, and may extend down dip to vert 
depth of 1 700 ft. Aver dip, 40“--45®, with local variations from 0 to 00“ Ore drills easily, but la 



Fig 244. Breaking and Handling Ore in Open Slopes, Edwards Mine, St Lawrence Co, N Y (253) 

tough and difficult to break. Both walls generally strong, but sometimes slab badly. Large 
horses of waste are infrequent; sorting in slopes has not been fe^isible. DKVKLOeuKNT. Main 
shaft is vert; in hanging wall to 1 100 ft; thereafter in fooUvatl. Level interval was at first 100 ft; 
now (1932), 200 ft. Lateral development is by drifts, crosscuis, and raises, irregularly spaced 
according to requirements of stoping and ventilation. Stopino. Formerly some shrinkage stoping 
was done, but with flattening of dip in depth, reworking of old stupes, and for flexibility, open slopes 
with pillars superseded old methods. Stoping is overhand or underhand, or a combination. 
OvEHBANO STOPINO. Cbute laises R (Pig 244) are driven up dip on foolwall, 30-40 ft apart, to 
height of 15-30 ft above drift; raises are connected at top and then belled to funnel shape. Fig 244 
shows methods of advancing faces and of placing holes. Thicker parts of deposit are mined in 
2 parts: first an overhand slope at least A ft high is driven under the hanging wall; later the bottom 
is taken out in benches; this work resembles breast and bench stoping (Art 30). Drilling is chiefly 
by mounted wet jackhammers, occasionally with stopers for cutting around pillars on steep dips. 
Rounds in overhand sloping, as at A (Fig 244), are of 0 fl-ft holes, l^ltars are left iq lean or barren 
material where possible, their sise and spacing depending chiefly on extent to which hanging is 
fiMured or seamed; usually spans of 40 ft or more will stand during life of stope. Pillars are oval 
in outline, not more than 25 ft long; long dimension parallel to dip. Vert holes take up the 
bottom. Habouno broken cbe. Where dips exceed 42“, ore runs to chutes with a little hand- 
shoveling. In slopes flatter than 42*, mechanioel scrapers have lowered costs. Dutt of labor. 
During 1930, output per man-shift of all underground labwr and surface labor chargeable to under* 
ground operations was 5 Qfl tons. 
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Ooldra Meissager mine, Yorki Mont. Data from S. H. Lorain (69) in 1937. Oold*bMrisg 
veins are quarts and sulpUde replacements along fracturee in diorite; the gold associated oMefly 
with pyrite, sometimes galena and sphalerite. Values are generally uniform, with some enriched 
pockets. Usual width of workable lode, 4-10 ft. Dips vary from 30® to 60®; usually about 40^ 
Veins are nut by numerous post-mineral faults, mostly of small displacement. Ground drills and 
breaks e^ily. Hanging wgll is blocky, requiring occasional support. Development is by 2 tun¬ 
nels (haulage levels), 160 ft apart vert, from which the orebodies are reached by raises and aub- 
levels. Extraction drifts are driven in the veins. Stopimo. Main output has come from over¬ 
hand stoping; a novel underhand method has also been used (Art 35), For overhand etoping, 
chutes (C, Fig 246) are installed along the drift under the slope, 15-30 ft apart, depending on looai- 



Fig 245. Overhand .Stuping Method, Golden Messenger Mine, York, Mont (69) 

tion of faults and dip of vein, closer sparing used on the flatter dips. Pillars are left over the drifts, 
between the chutes. Chutes at intervals of 60-75 ft are equipped with scraper hoists. Drilling in 
stapes IS by jackliammera or stot>ers. Where vein is over 6 ft wide, a cut is first taken nest to 
hanging wall, and ore in the bottom is mined later by bench li. Elongated pillars along fault lines 
divide slopes into segments, slightly offset above or below each other by faulting (Fig 245). These 
pillars are holed through only when necessary for scraping. Within the sections between faults, 
hanging wall is supported by ore pillars about 10 ft diam, and 15 ft apart. It is planned ultimately 
to recover much of these pillars. 

Clinton iron-ore mines, Ala. T. C. DoSollar (177) describes mining of upper bench 
of the Big Seam in Woodward Iron Co’s mines, Bessemer, Ala, in 1933. Entry is by 
siopes, following the ore. At No 3 mine (Fig 240) the “ top ” slope met a fault at 3 636 ft 


oo' 1000* zim‘ sooo’ 4000' booo' oooo' tooo' 



Fig 246. Sec through Slope of No 3 Mine, Woodward Iron Co, BeMcmer, Ala 

along the incline, requiring a second or “ bottom ” slope, the two being connected by a 
2 300-ton storage pocket. ■“ Top " slope has 20 by 10-ft cross-scc, and hoisting is done in 
balance with 2 10-ton celf-dumping skips. Ore is handled on “ bottom ’’ slope in 2 26-ton 
wooden or &-ton steel ars. hauled by elcc hoist; a rotary car dump is installed above the 
Btorage pocket. Drifts from dopes are 9 ft wide, if broken ore is loaded by hand, or 12 ft 
wide, if mechanical (ramp and scraper) loading is employed; they are driven rapidly to 
property lines, and opening of rooms, starting 25 ft inside of line, retreats towards main 
slope. Room necks, 12 ft wide and 75 ft apart, are driven 25 ft up the dip, and an all-steel 
ramp, mainly of 16-ft lengths of 12-;n, 25-lb channel-iron, is installed at each one (see 
Sec 27). A double-drum, 55-hp hoist, mounted on a self-propelling truck on track parallel 
with haulage track, and operating a 3 100-lb box-type scraper, serves 3-5 stopes on a 
level. Inside the neck, a room is widened to 30 ft and carried up to next level, usuaJQy 
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Atk earn, 3400’ 
Extraction, 44.8^ 


Avc eev«, MOO' 
Extraction, 4U.a)( 


Aof coror, 1600' 
Extraction, H.<]l 


Fic 247. Pillar Spacing, Musooda, Ala 


220 ft, oocaaionally 300 ft. A slab 10 ft wide is then taken from each side, making rooms 
60 ft End pillars 25 ft wide. When a group of stopes is finished, a is taken from side 
of drift, from which track and pipes are removed. Recovery from first mining is about 
66%; further rerovery of 10% is expected from splitting of pillars. Ore drills and breaks 
easily. With drill on tripod, 2 men make 14-18 holes, finishing at 2-in diam and 8 ft deep, 
per shift; a blast breaks 100-125 tons. Two or 3 drills work at once in a stope,*accumu- 
lating broken ore in 2 stopes while a third one is being scraped and 2 others started. 
This permits the hoist to work for several days from .same position; scraper is not removed 
from stope until completed. Pull stope crew Includes 4-6 drill men, 1 hoist engr, 1 motor- 
man, 3 muckers. Drill steel is 1.25-in hollow round, with star bits. Explosive^ low- 
density ammonia dynamite in 5.75 by 1.5-in cartridges, received daily from manufadturer 
and immediately transferred to underground magazine; detonated with No 6 tetryl oap& 
Aver daily output (2 8-hr shifts) at this mine is 3 000-3 300 long tons. 

Tennessee Coal, Iron A R R Co mines the Big Seam at Muscoda, Ala, under conditions 
similar to those at the Woodward mine (above). As described by E. M. Ball and A. W. 
Beck (507) in 1937, the main slope 
had reached bottom of the basin at 
6 260 ft from outcrop and under 
1 600 ft of cover. From this slope 
or its branches, haulage levels 20 ft 
wide, 10.5 ft high, are turned at right 
angles at 230-ft intervals, and laid 
with standard-gage double track; 
grade not to exceed 8%. Each 
room, up the dip, is entered by 2 or 
3 necks 20 ft long; in former case, 
room is 110 ft wide and yields 16 000 

tons of ore (210 lb per cu ft solid) in its length of 190 ft; a 3-neck room Is 160 ft wide anH 
yields 24 000 tons. Small (20-ft) circular pillars are staggered over stope areas, usually 
6 in a 110-ft stope; 8-in posts used as required. Width of pillar between adjoining rooms 
is adjusted to depth of cover, as shown in Fig 247. It is planned to extract pillars on 
retreat. Two drifters on tripods are used in each stope, making V-cuts and slabbing 
rounds; no 8«*condary blasting required. Explosive is ammonia dynamite, equivalent to 
45% gelatin. Ore is scraped from rooms and haulage headings by 5()-hp, double-drum 
hoist, mounted on self-propelling truck on a parallel track, scraper discharging its 2-ton 
load over a steel ramp into 5-ton cars. Data on first 6 months of 1937: tons per man¬ 
shift in actual production, 
16.5; per man-^ift under¬ 
ground, 7.11; tons per lb 
explosive, 1.5; bd ft tim¬ 
ber per ton, 0.873; kw-hr 
per ton for scraping, 1; for 
air compression, 4.^. 

Herman mine. Placer 
Co, Calif. Quartz vein, 
8-12 ft thick, dipping 
45°-60'*, occurs in schist. 
Country rock is blocky, 
with cross fractures; on 
the hanging wail is a 
layer of soft slate. Ore is 
in shoots, about 200 ft 
long, pitching about 52°. 
Level interval, 150 ft. 
Underhand square-setting 


/Level 


i I 


, S4rm 

J 1 _ ^ eft 



Fig 248. 


Panel System of the Herman 


Mine 


was tried and abandoned, due to its danger and expense. Open stoping with pillar sup¬ 
port (Fig 248) was used. Stope was opened by driving raises 1 along the bottom 
of oreshoot and on the footwall; also the manway 3 and the chute raises a tod. Panel 
stopes, 2 to 9, were then carried up. Chute E was cut when necessary. Pole bulkheads 
were constructed between pillars if required to divei t ore. When the panel stopes were 
fully opened, the pillars on both sides were sliced and finally cut through, leaving small 
pillars shown in solid black. All these stope pillars were then drilled and blasted. 
Finally, the pillars under the level above were blasted, allowing caved material from the 
stope above to follow down until it rested on the pillars above the lower level. Date 
from S. H. Brockunier in 1919 (570). 
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41. EXAMPLES OF PRACTICE, MICH AMYGDALOID MINES 

(Support by Pillars of Ore) (67,163,170,486) 

Michigan amygdaloid copper deports, Keweenaw Peninsula, cany native copper in 
volcanic flows of vesicular basalt (amygdaloid), intm-bedded with flows of compact dia* 
base, the whole series tilted on dips from 35° at the north to 73° at south end of Range. 
All beds tend to flatten slightly at depth, w4iich has reached over 9 000 ft (on incline) in 
some workings. Profltable beds occur at 5 out of 17 recognized copper-bearing amygda- 
loidal horizons. Distribution of copper is irregular; average tenor of all ore, less than 1%. 
Hanging wall is diabase, usually strong, but often rough and irregular. Footwalls of 

some lodes may contain offshoot orebodies, 
, . ' j ‘I copper-bearing cross-fractures are fairly 

\ I \ I li common throughout the Range. 

',10111 12\ isi iV i General plan of mining. Open overhand 

' ' i'll slopes are used for beds on dips of 35° to 46°, 
pillars being left for roof support. For min¬ 
ing steep-dipping beds with weaker walls, 
see Baltic mine. Art 63. For practice in the 
Calumet conglomerate, see Art 39. 

Development. For modes of entry and 
development, see Art 15 to 17. Early level 
intervals of 100 ft or less (on dip) have now 
lieen enlarged to 160 ft in some mines; aver 
about 125 ft, though 150 ft is common. In 
irregular Osceola lode, 120 ft proved better 
than larger or smaller interval. Inclined- 
shaft pillars, formerly 50 ft wide, are now 
200 ft on each side of shaft, to insure sup¬ 
port at 5 0(K) ft vert depth. Crosscuts, 
w'hen required, are 7 ft high, 8-12 ft wide. 

Drifts. Strong hanging w’all permits 
lateral development openings of large cross- 
sec without excessive cost for maintenance. 
Hence, the development drift and the cut¬ 
ting-out stope, when advancing through 
profltable ore, are often excavated together 
in openings called nniFT-STOPES |(Fig 249). 
In passing through barren or low-grade 
zones, width of drift may be reduced to 
VERT SEC 7-8 ft. Drifts maintain uniform haulage 

Fig 249. Drift-atope grade and are mostly in lode; hence, apt 

to be crooked. 

Details. Size of drift-slope depends on behavior of hanging wall under existing press; 
at medium depths in Osceola and Kearsurge lodes it was about 9 by 19 ft; at AUouez, 
where hanging was shattered in many places, size was 9 by 18 ft; at Wolverine, where 
hanging was strong and lode wide, 11 by 25 ft; at Noii^h Kearaarge, 10 by 16 ft. At 
increasing depths, tendency is to reduce drift-stopos to 8 or 9 by 14 ft. Fig 249 shows an 
earlier typical stope, 9 by 19 ft, on Osceola lode. The cut, towards hanging w'all, where a 
well defined sUp and also the most persistent copper usuaUy appear in this lode, is drilled 
and blasted first. Complete round in recent 8 by 14-ft heading takes about 30 holes, 
loaded with 40% gelatin, to break 4.76 ft, Osceola lode drills easier than Kearaarge, but 
is harder to break. Two contract miners, working on opposite shifts with 108-lb column- 
mounted jackhammers, advance a round per day, mucking being done by others. In 
deeper levels of Kearsaroe, former practice of pointing cut towards hanging wall (where 
good parting occurred) has been abandoned, due to falls induced by brealdng of roof rock. 
The cut in by 14-ft 'iope-drift i.s now taken 5 ft into footwall (Fig 250), leaving lode 
matter across whole width of roof. Iwo cxmtract miners on opposite shifts drill 35 holes 
to break 5.5-6 ft per day, using laainly semi-bulk powder with 2-3 sticks of 50% gelatin 
at bottom of each hole. Othe’' meo muck by hand. At Ahmebk mine, in Kearaarge lode, 
a 9 by 14-ft drift-stope is advanced 5 ft jier <lay of 2 sliifta (aver 100 ft per mo), drills and 
supplies lieing brought down between >-hifts, and hand mucking proceeding while 1 man 
drills with IM-lb, hand-ted, column-mounted drifter. A round requires 32 holes aver¬ 
aging G.25 ft deep, each loaded with 2.1 lb of 66% lew-density ammonia dynamite and 2 






EXAMPLES OF PRACTICE, MICH AMYGDALOID MINES 10-173 


■ticks of 40% gelatin at bottom. There is no standard round; holes left to judgment of 
miner. 

Steping (67). Stops widths between walls vary from 8 to 20 ft, Genbbal PiiA^NS of 
work: <a) A stope of profitable width, usually 8 to 12 ft, is first opened along hanging 
wall; later, any ore occurring below the arbitrary footwall of first stope is broken in 
benches; this method is followed in Osceola workings of C A H Co, Fig 2S1 (486). 
(6) Stope follows footwall. Ore less than 12 ft thick is broken in one operation; where 
thicker, a stope 10 to 12 ft high is advanced a short distance on footwall, ^en ore on back 
is blasted down. Opinions differ as to better method: under plan (h) it is difficult to reach 
and trim the hanging wall in stopos 16 to IS ft wide; under plan <c) the mining of footwall 
ore starts at top of stope, for breaking ore onto the fairly smooth floor of first stope; tl,ts 
leaves less ore to be shoveled out when stope is finished than when floor is mined up the dip. 

Drilling and blasting. Presence of coarse copper reduces drilling speed and may 
cause abandonment of holes. Drills are mounted on columns, which in places must be 
10-13 ft long. With l-man machines it is usual to work 2 drills close together for mutual 
aid in setting-up. Contract drilling, with bonus, is the rule in amygdaloid stopea; in 
Osceola lode, bonus base is 50 ft of hole per drill-shift; in Kearsarge lode, 40 ft; holes are 
inspected and measured by shift-boss, and an improperly placed hole is not counted 
towards bonus. At Ahmeek mine, on Kearsarge lode, advancing a stope face 37 ft wide 
by 7 ft high, up a 38“ dope, 30 7-ft holes 
in 3 horiz rows are drilled by 154-lb, col¬ 
umn-mounted, hand-fed drifters, at 60 ft 
per drill-shift. The 2 vert rows at center 
make a V-cut. Explosive (66% low-density 
ammonia dynamite), 0.9 lb per ton broken; 
output, about 22 tons per drill-shift. In 
Osceola lode, aver output is 25 tons, with 
explosive of same grade. 




Fig 2.'U>. Sectina at Bottom of Stope, 
Kearsarge Lode 


Ore CUutf lord 


Poor ore 
Xirill 


Vert Sec A-A 



Pillara of ore support hanging wall in stopcs; their size and spacing depend on same 
factors as in breast-atoping (Art 30). Wherever possible, areas of low-grade ore have 
been utilized for pillars, leading to irregularity. Recent practice on deeper levels aims 
at more systematic use of relatively small pillara fur temporary support; roof ultimately 
allowed to cave. Aver spacing has been about 40 ft along strike, less along dip; interval 
ranges in different mines from 25-60 ft. Axis of pillars is at right-angles to dip. Pillars 
fare slightly at top and bottom, with upper sides shaped to shed broken ore [falling 
from above; diom varies from 8-lS ft or more. Little timber is used in stopes; a stull 
or two may be put under a slab, or to hold up broken ore for supporting men and 
drills. 

Handling ora in stopea. Dip of amygdaloid lodes is groat enough (generaUy 38“-54“) 
for most of the ore to fall to level below; fine ore clings to footwall and irregularities in 
the latter make some shoveling or scraping necessary- 
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Forinerly a]l ore alid from atope <mto a plank platform (Bou>aa), alonnaide track in the leveU 
and waa ahoveled thence into can. Since cfaptee were not ua^, fine breaking in atopee waa unnecea' 
aary; about 60% was over 4'in aiafi; large pleoea lifted into cars by hand; trammers used short 
D-handled shovels. Later praoUce mnerally adopts scrapers, (^charging through hardwood plaik 
ehutes,'which are dismounted'and used repeatedly. Footwidl at Quincy mine is so rough that prac* 
tioally all ore must be shoveled to drift (see 254 and text), Stope floors ab» CLEANgn before 
atope is abandoned, sometimes by scraj^. At Mohawk mine, ore remaining on stope floors has 
been shoveled into seiniciroular steel chutes, 32>in radius, laid on the broken ore, and supported on 
wooden horses at the level for dumping into cars; they were moved along the stope floor as it was 
cleaned up; 4 shovelers and 2 trammers handled 42 tons per shift. 


Stoping generally liegins at a iuibg-btope, say 24 ft on strike by full width of lode, put 
up between levels as far as possible from the shaft. 

Examples of stoping. Wolverine mine is on an amygdaloid lode with strong hanging 
wall; dip, ,41“: aver width, 1-1 ft; Fig 252 shows stoping method; level interval, 100 ft; 
levels were opened as drift-stopes. Gound was mined in blocks 7.5 ft long, running from 
level to level; 2 pillars -4, say 15 ft diam, were left at top of drift-stope in each 75-ft block, 



SEC IN PLANE OP VEIN CROSS-SEO 

Fig 252. Sloping, Wolverine Mine 


Fig 2,53. Stoping, Mohawk 
Mine (Sec in plane of lode) 


through chain pillar in each stope .for ventilation. Mohawk mine. Aver width of lode, 
20 ft; aver dip, 38“; level interval. 100 ft. Stopes were 100 ft long, separated by pillars 
(locally, “ dead ends ”); chain pillars were also left, an<l a pillar about 1.3 ft diam above 
dri/t-stope in middle of each stope (Fig 25.3), A flat-back stope was carried, a cut being 
broken out of back for each slice. Ventilation was poor in upper parts of stope. North 
KEAR aARQE MINE, Aver width of lode, 18 ft: dip. 38“; level interval, 125 ft. Lode was 
stoped in blocks 20 ft along strike and half the level interval on dip, ore being broken in 
slices parallel to dip. Upper 62 ft was similarly mined; several lower stopes were usually 
finished before the upper were begun. Pillars were usually left in alternate stopes at 
top of drift-stope and at bottom of upper stope, but their spacing along strike depended on 
hanging wall. An 8 to 10-ft chain pillar wri.s left, except where levels above were stoped 
out. Allocez MINE. Width of lodc, 16 ft; dip, 38“; level interval, 125 ft. Lifts were 

mined in 3 series of stopes, each say 
40 ft high, with pillars at bottom of 
each stope; poor hanging wall often 
required pillars as close as 25 ft 
along strike. Hancock mink. Width 
of lode, 8-10 ft; dip, about 45®; 
level interval, 100 ft. Drifts, 6 by 7 
ft, were enlarged by a cutting-out 
stope to 24 ft. Back of level was 
timbered with stulls 4-6 ft apart, 
lagged with 4-6-m poles. A 2 by 
4-ft hole was left in lagging at 25'ft 
intervals, with a sollar under it 
about 4 ft above track. Some 
broken ore remained in stope to 
protect lagging and aid in setting up 
drills; the rest was drawn onto 
sollars, sorted and loaded. Ground 
was good, requiring no atope timber. 
Piuara were left where ore was poor, also a chain pillar, 6-10 ft thick. Qumcr mine. 
A lode about 10 ft thick, dipping 38“ to 54“, has been worked at great depth (9 150 ft 
on dip). Rtoiies at Quincy were at first 100 ft wide, alternating with pillars of same width. 
As depth increased, these dimensions bad to be changed to 50-ft rooms and 60-4t pillars; 
this made workings safer, percentage of extraction greater, and tenor of copper lock 
stamped increased. Fig 264 (482) shows layout for use of light reversible hoe scraper. 




PILLAR AND CHAMBER WORKINGS 
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Obobola Itide ia erratic as to shape and mineratisation of oreshoots (466); aver dip 37°; 
no systematic arrangement of pillars is feasiUe. . OeSeasional rich pockets in footwall 
are Recovered by minute examination of floor as stoping proceeds; if isolated by more 
than 4-5 ft of barren footwall, such pockets' may b? mined by special stopes from 
crosscuts; if within that distance, they are mined by underhand jackhammer work 
from main stope. Levels at 120-ft (slope) intervals are opened as drift-stopes (see above); 
in workable ore, chute raises, 9 ft wide by 5 ft high, are opened on 25-ft centers (Fig 251); 
latter equipped with nearly level chutes of hardwood plank and old rails, delivering about 
4 ft above track. Scraper, when required, is 4 ft wide and operated by double-driim air 
or elec hoist with 0.5-in rope. 

Retreating systems are attempted in most amygdaloid mines, especially as depth 
and pressure increase. Hence, drifts or drift-stopes must reach the boundary before 
stoping begins above them. This reduces cost of drift maintenance and avoids the fol¬ 
lowing disadvantages of the advancing system: (a) blasting in stopes injures tracks on 
level; (6) mucking in stope and in drift or drift-stope interfere; (c) small pieces of ore 
rolling from stope onto rails often derail cars; (d) danger from slabs falling from stope into 
drift; (e) sometimes a stope caves, and ore from points beyond must then be run to level 
below; this is troublesome and costly, especially on flat dips. 

Ksarsarge lode has been mined for a strike distance of 6 miles within C & H ground, and to 
depths of 4 000-5 000 ft (on 38° dip). To 3 000 ft, usual method was open stopes with pillars of 
barren rock or poor ore. Later m^ifioations adapted to heavier press, descrilied by O. Potter in 
1931 (4861, include stoping on retreat and use of " rib pillars," latter to control roof settlement 
without attempting to prevent it. Levels at 150-ft (slope) intervals are advauned as 9 by 14-(t 
stope-drifts to boundary. Starting there, 
chute raises (A, Fig 255) 5 ft high and 21 ft 
c-c are driven about 10 ft up the footwall and 
enlarged at upper ends to full profitable width 
of lode, leaving a brow over the chute (Fig 
2.50). From top of last raise on drift, a "cut¬ 
ting-over" drift {D, Fig 255) starts back 
towards the shaft, breaking into tope of suc¬ 
cessive raises and funneling them. When 4 
such chutes have been completed, a stope 37 
ft wide and full height of lode is started over 
chutes No 2, 3, leaving No 1, 4 open for 
ventilation. As the "cutting-over" drift ad¬ 
vances, more 37-ft stopes are started, each 
centered over 2 chutes, leaving a .5-ft “rib 
pillar" between every 2 stopes; this pillar is 
holed through, at about 25-ft intervals, for 
access and ventilation (Fig 255). Width of 
pillar is varied according to experience; no 
timber is required except an occasional prop 
under a slab that can not be barred down. 

Four l-man drills in 2 adjoining slopes can about keep pace with 1 drill in "cutting-over” drift, 
combined output of the 5 drills being 220-250 tons per 2-Bhift day. When a stope is finished and 
all ore withdrawn, pillars of better-grade ore are blasted down; under strong roof, a whole row can 
Bcmetimes be recovered; those that remain are expected to crush so as to allow gradual subsi¬ 
dence; total recovery from sloping area, 95% of pay ore. About 85% of broken ore can be loaded 
(into 5- and 8-ton cars) by gravity, wita a little help from trammers. For the rest, and always when 
extracting pillars or working under bad roof, 4-ft scrapers operated by 2-drum air hoists with O.S-in 
rope are used. Storage-battery, 7-ton loco hauls 2 to 4 S-ton cars; 3-ton loco for .5-ton cars; max 
haul, 5 000 ft; usually not over 2 .500 ft. Advantages of t^is system; (a) all holes are drilled up¬ 
ward and parallel to dip; hence more easily directed to avoid breaking either wall. (6) When 
roof falls in old slopes, caving stops at first solid line of pillars, (c) Small expense for timbering. 
Chief drawback is that all mining ie substantially the advancement of a heading, with adverse 
effect on powder coneumption and output per ehift. • 


Worked-OQt stope 
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Fig 255. Open Overhand Slopes with Rib Piliarsr 
Kearsarge Lode. (Projection on plane of lode 
dipping 38°) 


42. PILLAR AND CHAMBER WORKINGS 

The term denotes methods of mining in which large chambers are excavated, leaving 
pillars of ore for permanent support. Chambers may be mined as underhand stopes, 
glory holes, or overhand stopes. Support for men in overhand slopes is afforded by accu¬ 
mulation of broken oro (Shrinkage stopes, Art 67), or square-sets (Art 45 et aeg); 
chambers are rarely filled with waste to support men (see Rimogne quarry, below). 

The method is a development of room and pillar work in beds (Art 32), for mining 
masses or wide veins. In typical cases, workings are a series of large open stopes, separated 
by a network of vertical and horu pillars of ore. Synon 3 anous teims are chambeb wobk- 
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IKQS, PlLItAB ‘WOBKINOSi BOOM AKB PIULAB, PI1<LAB AND BTAlXf BOOMING (866 iiuicx tot 
other uae of same terms; also Art 104-6). 

Chamber workings are a very old form of mining, obsolete for metalliferous deposits, 
except in rare cases; they are useful for exploiting cheap and abundant minerals, as wit 
or slate, where much of the deposit (40% to 70%) con be sacrificed in pillars for spring 
cheap support and low mining cost. Recovery of pillars is generally costly, often impos¬ 
sible, and workings are left in such shape that a change to other methods is difficult. 

Requirements of method: (a) large deposits, as masses, wide veins or thick beds; 
(6) deposits of strong mineral or rock, with strong walls, which will stand unsupported 
over back and on walls of chambers; (c) cheap minerals, which will not pay cost of install¬ 
ing other methods; (d) deposits of uniform value, as no sorting is done in chambers. 

Examples of practice which follow, while old, well illustrate principles, variations and 
applicationS'Oi the method. 

Tilly Foster mine, N Y. Orobody was a ateep, lenticular masa of strong magnetite, embedded 
in gneiaa; in horia sec, it was about 200 ft wide by 300 ft long; dip, about 60®. Fig 256 shows method 
of mining part of the deposit. An inclined hhaft was sunk in footwall, with wide drifts at 100-ft 



intervals along footwall to ends of orebody. From drifts, rooms 24 It wide, with 20-ft pillars, were 
carried across tu the hanging wall. They were excavated overhand as shrinkage atopes (Art 67). 
A timbered crosscut in middle of each room connected with footw'ail drift for access and transport. 
Rooms were raised to within 15 or 20 ft of level above, leaving a Hoor of that thickness extending 
over whole area of orebody. When a room was finished, all broken ore was drawn, and the room 
abandoned. Mure than half of the orebody was left in pillars. Attempts to fill old rooms with 
concrete and to mine pillars under this support failed; many pillars were eventually recovered by 
open-cut (200, 201). 


Republic mine, M&rqueUo Range, Mich. Fig 257 shows former method for minin g 
wide portions of a hard hematite deposit, having in places a horiz sec exceeding 150 by 
400 ft (202). A vert shaft was sunk in the deposit, with a 70-ft pillar to protect it; 
drifts were driven at intervals of 30 to 50 ft and connected by winzes about 60 ft apart; 
from winzes, chambers 30 ft wide were opened from wall to wall, leaving 30-ft pillars. 
Top of chamber was a breast stope, with arched back, ore being mined underhand, starting 
at top of a winze. At places, the glory-hole method (Art 37) w^as used. Where a level- 
pillar was left, the heading method (Art 36) was employed (Fig 257, vert sec CD), the 
chambers being 60 to 160 ft high. At other places, 2 scries of 30-ft rooms were driven at 
right-angles to each other, IcaA-ing .30-ft square pillars. About half of orebody was left in 
pillars; some of this ore has since been recovered after filling old stopea with waste. For 
hard ore, shrinkage stopes are now uacid, with subsequent filling (Art 68). 

Rio Tinto mine, Spain. Orebodies are lenses of pyrite, with enough chalcopvritc to 
carry an aver of about 3% Cu. Length of deposits, 1 200-6 500 ft; width, generally 
proportional to length, max 260 ft; depth, 600-1 8(X) ft. Deposits'^usually occur along 
contacts between porphy-iea and clay slates, or along other lines of weakness in either cock. 
Nearly all have at some period been exploited by pillar and chamber (locally, pillar and 
stall). J. Allan gives following dct.ails (203). Ix>de was divided into horiz slices, alternate 
slices being worked by series of galleries at right-angles to each other; between every 2 net¬ 
works of galleries was left a solid floor of ore of varying thickness, depending on strength of 
ground. Ordinarily, galleries were 13 by 13 ft; 16.5 by 20-ft and 20 by 20-ft sections 
were also tried, but proved unsafe in weaker parts of deposit; smaller openings were pref¬ 
erable, which could be made larger on entering good ground and smaller in weak ground. 
Face of galleries was attacked by a small top heading, leaving a bench about 8 ft Hi gh 
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(ecnuparp Heading method, Art 36). fig 258, from Foster (10), ehowa wdrk in one deposit; 
entry was by vert shaft in footwoli, with levels 41 ft apart, connected by vert raises. 
Alternate levels wore used as main haulageways. Drifts afid crosscuts, 10 to 11.5 ft 
square, were driven at right-angles on each level, at 33-ft centers, with pillars 21 to 23 ft 
square, the pillars being superposed in successive Ufta. Chambers were then made by 
heightening and widening spaces between pillars, lu firm ore, pillars were about 10 ft 
square and chambers 30 to 33 ft high; under aver conditions, pillars were 15 to 20 ft 
square, chambers 20 to 25 ft high. Vert sec (Fig 258) would be the same, whether taken 
parallel or at right-angles to strike; it shows successive stages of work in different levels. 
At many mines in ^he district, only 33% of the total ore was won by this method; in case 
shown, extraction averaged 60%; in fom ore, it might reacih 73%. Chamber workings 
were adopted liecause they offered a cheap and ready method of obtaining large tonnages; 
ore was so plentiful that recovery of pillars was neglected. Many mines have stripped 
the overburden and mined old pillars by opon-cut. Orebodies once worked in this manner 
have been reworked by a modified crosscut method (Art 64). Virgin ground at Rio 
Tinto is now worked by filled, flat-back stopca (Art 60) (.549). 

Underground slate quarries are typical of correct use of chamber workings. Following 
examples illustrate methods; further detail in Bib flO, 169, 204, 205). 



Fig 258. Rio Tinto Copper 
Mine, Spain. tVert sec) 



Festiniog District, N Wales. Slate beds, 30-120 ft thick, dipping 20* to 35°, are opened by 
inclined shafts or by adits; levels are about 50 ft apart. Transverse chambers are opened 30 to 50 
ft wide along strike (Fig 259), with pillars of about same size. With band drilling, sides of pillars 
follow planes of weakness at right-angles to cleavage; these are askew to dip and deviate a little 
from perpendicular. Where charinelers are used, pillars are vert and normal to dip. A chamber is 
started by a 4 by 4 or 4 by 6-ft raise along banging wall at center or corner of proposed chamber; the 
raise is then widened to lull width of chamber, widening and raising usually proceeding simultane¬ 
ously. Floor of widened laise is carried back toward hanging wall by cutting off slices parallel to 
cleavage. A bottom cut is first made across width of chamber by a bar channeler drilling close-set 

2- in holes; ribs between holes are tioken with a chisel bit. Other cuts are made higher up and also 
along chamber walls, and blocks blasted down with small charges. Chambers and pillars on suo- 
cessive levels are under and connect with each other. Vert distance between floor of chamber and 
hanging wall may reach 120 ft. Mam drifts are destroyed by work in the lift below, communication 
being maintained by run-around drifts in hanging, or by bridges; intermediate drifts arc also run. 
Slate from development is all lost, and about half of the total is left in pillars. Further lose in 
splitting reduces net yield to about 13% of the deposit. L. Mayer states that in 1908 the Oakley 
quarry, with 1 500 men, produced 6 000 tons of slate pier mo (169). One chamber may provide work 
for a small crew for 10 or 15 years. Elsewhere in the district, conditions allow chambers 
to be 100-1,50 ft and pillars 24-50 ft wide. No means have been devised for mining pillars. Men 
work under high unsupported roofs, but, though pillars often collapise, fatal accidents are rare. 
Backs are examined and trimmed from ladders erected in 30-ft sections, and held by guy ropies; 

3- 6 men take 1 week to build up a 100-ft ladder. In 1922 a hand-held hammer drill and a turdrauUo 
rotating drill were being introduced (550). 

Rimogne quarry, French Ardennes. Principal slate bed dips 22° to 45°; thickness, 0-2M ft. 
Long chambers (30-50 ft wide) are excavated along the strike, instead of across it, as at Festiniog. 
They reach from foot to hanging, with pillars about 13 ft wide along dip, sides of pillars being 
normal to dip. Chambers are mined as overhand filled stopies (Art 60); much of the waste is used 
as filling (205). 

Anjou, France. Slate beds 130-500 ft thick stand almost vert. Outcrops are generaUy covered 
by a considerable tbiokness of worthless slate. They were formerly worked in large isolated cham- 
borui oaob with its own entry from surface. A vert shaft was sunk to good slate, and an arched roam 
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excavated over top of proposed chamber by breast atoping. Floor was mined underhand in 10-13^t 
benches, Slnte blocks were handled in a stone skip attached to a trolley on a cable brought down 
the shaft and fastened to an *ye-bolt in floor of chamber. Uoris sec of chamber was a oircle or a 
rectariKle, with tnaximuni area of 21 r>00 to 27 000 sq ft: some chambers were 360 ft deep. Similar 
methods have been used for mininK rock salt at Marmoras, Hungary (20.5), 

Avery Island salt mine, La. Deposit is a dome-shaped mass, in places over 2 000 ft tiliiok, 
overlain by 16- 2,5 ft of soil, and has ^en worked on 2 levels at 90 and 160 ft depth. A. Q. Wolf 
(.5.51) de.->i’nhps nicthod.s in 1921. Deposit is opened by a 500-ft shaft. Parallel 7 fay 7-ft drifts, 
put in on l20-fl. centers, arc widened by breast sloping till they form rooms 60 ft wide, leaving 
60-ft pillars. Pillais are broken thi ough in both directiouh, so that a senes of regularly spaced pUlors 
60 ft square is left, lluums and breakthroughs are then mined overhand by men working on ladders 
or on broken salt. Tlooms arc carried to a height of 60 ft at center. Drilling U done with air-driven 
augers, sometimes making 100 ft of hole per hr. Ail shoveling done by hand on contract. 


43. SUB-LEVEL STOPING 


This method, also known ns siib-stopinR, was developed in Michigan iron mines about 
1902. It is an opeii-stope method and distinct fror'- sub-level caving (Art 75, 76). 

Applicability. HuWevel stoping is a relatively low-cost method, in terms of cost per 
ton of ore extracted. It docs not. ijciin.t veiy elTective sorting, and is therefore applied 
where values are fairly uniform and sorting is not ossi-iilial. Ore should be strong enough 
to stand well after trimming, and permit benches to stand under their own weight. 
Method may not be advantageous in vciy hard ore, duo to high cost of driving sub-levels. 
Walks must be firm, or they will cat'c' iirematurely and ililutc ore. Method is best adapted 
to steep dips, but has been successful on flat dips at Roan Antelope mine (see below). 

Michigan practice. Following data and drawings are from F. W, 8perr, P. B. 
McDonald, and F. O. Rolierts (2 U.S). Tye-k ok r)E,i'of.iT mined by sub-level stoping in 
Mich includes “ pocket.s ” and narrow ends of large lon.ses; in general, steep-dipping, 
tabulai deposits, 12 to 100 ft wide- Ore should bo fiee from slips, and strong enough for 
backs to stand aft.cr tiiinniing and benches to stand under their own w'eight (v'ory hard 
ore increase.s cost of iJriving sub-levels and is a disailv.antage). Walks must be firm, or 


they will cave and mix with ore, and ovoilying capiiiiig shouhl be strong, so as to permit 
stoping of large paiieks or block.s. 

.Shafts or ot.hc'r develoi'MENT entrie.s should lie outside of the oreliody, a.s mining 
eventually causes walls to cave. Level interval, 100 to LIO ft vort, each level having 
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a main haulage-drift from 
which crosscuts are run 
to the walls to outline 
the deposit. C’hute-raises 
are put up fivirn drift and 
crosscut.*! to about 25 ft 
above level floor. Drift 
and cros,s<*uts are planned 
BO that centers of raises 
are 1.5 to .'lO ft apart; in 
25 to 40-ft orcliodies. 


raise.s alternate on opposite aides of haidasre liiift; .some wider bodie.s have 2 parallel 


haulage drifts, connected at intervals by cioss-juts, to facilitate motor haulage. At 
end of deposit (or at end of jianel to bo stopod) .a raise is put through to level 
above. Fig 200 shows procedure when end of oicbody slopes forward, 'khe triangular 
block AB(' 18 broken by underhand stojung and handled to the level through the end 
raise; and ladderway and sub-levels 1. 2, anrl 3 arc clrivcn. If end of deposit .slopes bL.ck- 
ward or is vert, sub-levels ere started fiom end rano as well as from ladderways 
(Fig 261). J.owest sub-level (No 1) is at tops of chute-raises; vert interval between 
sub-levels, 20 to 25 ft; they are closer in soft than in hard oie. STOriKii. A sub-level 
usually consi.sts of a single drift in middle of the dopo.sit. Where ore i.s le.ss than 40 ft 
wide, sub-level No 1 (Fig 261; is first widened to the deposit walls, a breast stopc almut 
12 ft wide and of same h''ight as sub-level is then carried across end of deposit, and worked 
back toward ladderway. Down holes are drilled around tops of chute-raises, and uppers 
in back of breast slope, the former being blasted first, to give a funnel shape to tops 
of raises (Fig 262). One round of back holes breaks a block 8 or 10 ft high across 
width of deposit and about U ft along strike, broken ore falling into finished raises and 
to chute gates in main lev After this work has proceeded 20 or 30 ft toward ladder- 
way, sub-level No 2 is similarly opened Holes arc drilled in floor and back of breast stope 
and fired together, breaking off the bench of ore over sub-level No 1, and an 8 or 10-ft 
slice off back over No 2, broken ore falling into the open stope below. This procedure 
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is rei>eat(Kl on each sub*lefvel. Fig 262 shows appearance of work after slope is well 
opened; /aces of strn-STOPUs retreat uniformly, being kept 20 to 30 ft apart. Kach main 
level in turn forms the top sub-level of the series. When the ladderway is reached, a new 
ladderway and set of sub-levels will hav'e been opened to the rear. Thus, men on each 
sub-level work under solid ore, and far enough back from open slope to be safe from 
falling slabs. Fig 263, 264 show application to orebodies 50 to 100 ft wide, A slope 
about t/g the width of 
the ore is first carried 

back through middle of . 

deposit, leaving ^ pillar - . .V j' -j... it.ii , 

on each side. After cen- 

tral slope has advanced • 

60 to 100 ft, crosscuts K Jf 
and drifts M (Fig 263J are W P 
driven on each sub-level; a y w 
drifts are extended and ^ if 

form beaches along face ai ^ j-Vs ur-^ "i rfe- 

of plU.,. (Fis 264) and M 

boaohe. B (Fig 263) .« 

carried across ends of pil- 

lars to walls. Pillars are 


~-^Wo a SiTbGirin ffa-.V Ore 


SllM 

imm 




Kde taoleS^i 


■ No a BttbleveU 
I jj No a SubieVol, 
ri~Mo 1 SubleTol, 






lars to walls. Pillars are 
then mined by holes 
drilled from benches B, as ' 


in the central slope; each 262 

bench is kept a safe dis¬ 
tance in advanise of the one aliove. A vert sec through DJ or D"J" (Pig 263) would 
be like Fig 2G2; vert sec through B'J' would show the central stope worked back to 
a vert face. 


In long orebodies, stopes in Mich are about 260 ft long, separated by pillars containing 
ladderways. Length of stope is adjusted to prevent premature caving of walls; horis 
pillars can also lie loft underneath main levels. Ore in pillars may be mined later by 
tip-slicing (Art 70), or by sub-level caving (Art 75, 76), if stopes are first filled. Filling 
for stopes between 2 levels may be drawn down and reused in lift below, allowing walls 
above to cave. Bib (545) gives examples of sub-level stoping, Imt no costs. AnvANTAQBB 
of method arc its safety and small timber consumption in suitable orclxidies. Due to 
numerous points of attack, large tonnage can be broken in a small stope, most of it being 



immediately available for loading (132). Small charges break large tonnages from benches 
and backs (breaking in breast stopes is more costly); aver powder consumption moderate. 
CiitEP DiSADVANTAUx is lai^e amount of narrow work in preliminary development, cost of 
which increases with hardness of ore. This cost is obviously greatest in narrow orebodies. 
Large pieces may require blockholing in chutes. 

Roan Antelope mine, Luanshya, Nor Rhodesia. Data from material generously 
furnished in 1938 by W. .1. MacKeuzic, Mine Supt, through courtesy of Frank Ayer, 
Gen Mgr. Fig 266, 267, 268, and 269 wore prepared by Mr. Bert Cole of the Go’s staff. 
Sub-level stoping, introduced by K. M. Peterson, has proved highly satisfactory. 

Geological features. Disseminated copper sulphides occur throughout a 10 to 45-ft 
band of well bedded argillaceous sandstone and shale; aver, 3.44% Cu. The mineralized 
beds forming the orcbody are in an asynunetrical plunging synclino; hence the outcrop 
is hair-pin shaped; dips vary from flat to 90“. Plan of early underground workings. 
Fig 265 (501), indicates general shape of orebody. Hanging wall shades into lean and 
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barren ehales, quartr.itea, sandatoneH, and dolomiten. A band of calcareous Inotite 
schist on footwall, about 3 ft thick, sometimes has high copper content. Below the schists 
are feldspathic quartzites and conglomerates, or, in some parts, shales. 

Development is by several inclined shafts in ore and a main vert shaft starting 180 ft 
back of footwall of one limb of orebody (Fig 266). In the steeiHjr portions of orebody, 
haulage drifts above 420-level were at HK)-ft \’ert intervals; below, 200 ft apart. In the 
flat «*ction at the “nose” of orebody, intermediate haulageways were driven in footwall 

on the 220-, 280-, and 350- 
Icvcls, ore from which dropped 
through ore passes to the 420- 
level. In steeper parts of 
orebody above the 820-level, 
haulage drifts wore in ore 
along footwall. Below 820- 
icvel, haulageways will be 
driven in footwall roek as 
permanent openings for ven¬ 
tilation and service for slop¬ 
ing. 

Sloping. There are 3 
modes of procedure, depend¬ 
ing on the dip. Fig 266 ap¬ 
plies to ‘‘FI.AT OBE,” or to 

dips of 12°- 30®. Haulage 
drifts K, 9 by 12-ft section, 
are driven in footwall, usually 
at 75-ft vert intervals. For 
each slope, an inclined chute 
raise H (min dip 55®) is driven 
from haulage drift to orebody, 
A grizzly is placed over tbe 
raise at the elev of the eco¬ 
nomic footwall. Grizzlies are 
10 by 7.5 ft, W'ith 16-in open¬ 
ings, and made of 6-in I 
beams covered with mild-steel 
wearing plates. A sub-level 
drift A gives access to grizzly. 
From the grizzly chamber, an 
8 by 6-ft raise B is driven 
along footwall to the grizzly 
level of completed slope 
alxivc. At 10 ft up the dip 
from the grizzly, a raise C, 
normal to dip, is driven to 
locate the economic hanging 
wall. Raise D is then driven 
along banging-wall side of 
tiic ore, directly over the loot- 
wall laise. Two sets of sub¬ 
level drifts arc driven 50 ft 
apart; one set, E, 2 ft below 
the hanging wall; the other, 
F, 4 ft alxive the footwall. Sloping up tlie dip is done in “sections,” each extending from 
one pair of sub-drifts (hanging-wall drift and footwall drift beneath it) to the next aliove. 
Starting at raise C, the first operation is the cutting of a “slice” G (Sec BB) between the 
foot- and hanging-wall >ai8C8, advancing up the dip to the first pair of sulvdrifts. This 
is done by drilling uppers in the liack of footwall raise and down holes in the floor of 
hanging-wall raise. Cutting the slice is followed by “trailing.” A hanging-wall “trail,” 
H, is a slot, 6-10 ft wide and Q-8 ft high, cut out at top of stope face and extending up 
the dip. Similarly, a footwall trtul, I, is cut. When a section of stope has been "sliced” 
and "trailed,” the resulting bench is d.illed and blasted. Broken ore is scraped to the 
grizzly with a 48-in hoo-typo scrapi^r. operated by a 30-hp elec, double-drum hoist. 
“Trailing” and breaking of benches proceeds latoraU> to stope widths averaging 40-60 ft. 
These operations, always preceded by "slicing," continue up the dip to the level above. If 
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the stope above has caved, the lateral pillar or sill S is left; otherwise the sill is mined. 
Rib pillsa-s separating the stopes strikewise are 10-15 ft thick. For stoping, drills are 
3-in stopers and 2 ^/g-in jackhammers. Production rate of such a stope is 25(>-300 tons 
per day with 8-hr miiung shift and approx 10 hr of scraping. 



\ 


Fig 267 shows method used in “bemi-bteep” ore, on dips of 30‘’-45®. Haulage 
drifts, 9 by 12 ft, a"e driven in footwall at vert intervals up to 150 ft. SuWcvel drifts 
are along both foot and hanging wall, 25 ft apart vertically. A stoping “block” comprises 
4-6 stopes, 40-60 ft wide (strikewise), the stopes htiing sonarat/cd by rib pillars 12-15 ft 
thick. Chute raises, A, are driven from a haulage drift to the ore, on center lines of the 
rib pillars, so that each may serve 2 stopes. A few feet below the economic footwall, a 
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grizzly is placed over each chute raise; height of grizzly above haulage levd. about 30 ft. 
A sub-level drift B, at the same elev, with orosscuts to the grizzlies, serves sus a travelway. 
A short drift runs from each grizzly to edge of the stope, from which point a raise C is 
driven along the pillar line to a footwall sub-drift (1st sub-level), about 50 ft above the 
haulage level. From there an 8 by 6-ft “mining" raise is driven on footwall and along 
the pillar line to the grizzly level of the completed stope above the next higher main level. 
When this raise rcaidies the 2nd sub-level, raises C arc belled out and the back of the mining 
raise mined out to the point where a protective brow D is left over that portion of crosscut 
E which houses a scraper hoist. When the mining raise reaches the third sub-level, an 
opening on the second, 12 ft wide and 7 ft high, is cut from foot to banging wall, connecting 
with the hanging-wall drift. The back and floor of this opening are drilled and blasted, 
breaking out the slice between first and second sub-levels. As the mining raise advances, 
successive slices along the pillar line and between sub-levels arc similarly removed. On 
completing a slice below a given sub-level, a horiz “trail" F, or notch, is cut from foot 
to hanging wall, connecting the open ends of the sub-drifts at this elev. Benches thus 
formed are drilled and blasted into the open stope kiclow. Movement of broken ore to “mill 
hole” C is aided by a scraper and 20-hp elec hoist; an “aerial rig” (Fig 268) permits 


r !^/ropc, to attiust position of block. 
When block Is set in scraplni; position, 
the rope is clani|>oU to stationary ropo 


12 roller bearing ahuavc- 


Heavy shackle, clumped to rope, 
runs on stationary rope. 

0 used hoisting rope for 
I stntloiinry rope, anchoreii with rock 
I bolts or concrete deail men. 


/ 


Fig 268. “Aerial Rig" for Scraper Sheave, Roan .\ntelope Mine, Nor Rhodesia 


easy movement of the headblock to any desired point across width of stope. Production 
from this type of stope is 30t)- 400 tons per day, with 8 hr mining and 16 hr scraiiing. 

Fig 269 and 269a show method in “steep obe," on dips of 45°-90'’. A haulage drift 
is driven in footwall. As it advances, chute raises A are driven 110 ft apart, to cut the ore- 
body just lielow the grizzly level, 55 ft above haulage level. Chuto raises are branched 
strikewiae to give a c-c spaiiing between grizzlies of 55 ft. From each grizzly, a crosscut B 
is driven to connect with a hanging-wall sub-drift C, which serves as a travclway between 
grizzlies. Haulage- and grizzly-level development are carried on concurrently, so that 
the grizzly level may serve as a return air course in driving the haulage drift. Fi om each 
grizzly, drifts are driven about 10 ft in both directions along footwall and from their 
ends, raises D are driven to first sub-level, 25 ft above grizzly level. These raises are later 
funnelled both strikewisc and toward the banging wall, and are known as "mill holes." 
Sub-level drifts are centrally located in the orelxidy, at 30 to Sfi-ft vert intervals. Standard 
length of stope is 70 ft. Rib pillars between stopes vary in width from 10 to 20 ft, depend¬ 
ing on strength of grfmnd. Height of stepes is 420-660 ft vert, or as much as 750 ft along 
the dip. “Block pillars” E are often required to supiiort the 70-ft span of hanging wall 
l>etween main rib pillars. Position of block pillars is determined by inspection and records 
of previous stopes in the block. 

A stoping " block ” is 800-1 000 ft in length along the strike, forming 8 or 12 stoping 
panels respectively. The block is developed by a ceutval service raise F, 8 by 6 ft, and a 
muck raise, spaced either 86 ft or 45 ft apart. With the former spacing, the muck 
raise G is later used for opening the last stope of tlio block; with the latter spacing, about 
40% of length of raise serves for eatkblishing the “blpck pillars” within this stope. 
The service raise is advanced by a "bulkhead pent-house” (transfer chute) system, 
whereby muck from raise is hand-trammed on the sub-levels into the muck raise, which is 
driven ahead of the service raise. Ladders, comp-air line, water line, tugger hoist, track, 
and ventilation lino are kept within 50 ft of the service-raise face. As each siib-kvel elev 
is reached, crosscuts, driven off the service and muck raises, are connected by a sub-level 
drift. As each suMevcl is established, the drift is driven to the extremities of the block. 
When the first level above the giizzly level reaches the block extremity, the first mining 
raise H is started from the grizzly excavation and driven, on the economic footwall. up 
the side of the main rib pillar. This raise is extended as each sub-level drift above reaches 
the pillar. When the raise reaches the second sub-level, the stope floor is cut on first 
level and the raises from the grizzly properly belled. As cutting of floor and belling 
of mill holes is completed, stoper holes in the back of the first level are blasted. When 
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this work has retreated 25 ft from the mining raise, floor cutting is begun on the second 
level, the first opening being 10 ft along the strike and from foot to hanging wall. Holes 
in the back and floor are drilled and blasted, making a slot between first and second levels. 
This operation is repeated on each upper level, but only after the level below has retreated 
at least 10 ft. It may Iw necessary to make 2 cuts in the slot with doivn holes, in which 
case the blasting of up holes on a level lags behind blasting the down holes. When the 



slot has been cut, regular benching liegins. This consists of cutting a trail 8-10 ft wide 
from foot to hanging wall, drilling the back and floor, and blasting the bench into 
the stope. 

In some parts of the mine th,? hanging wall will not stand up for completion of atopea 
600-700 ft high. A relay btsi is therefore u.sed, whereby an intermediate grizzly level I 
is opened approx midwai' up the panel The regular mining raise is driven from the lower 
grizzly level (so located w-'th respect tc the footwall and rib pillar as to allow for wear by 
scouring) to the intermediate grizzlj' level. If the nature of ore permits, this raise is 
enlarged from 6 by 8-ft size to an opening 30 ft along the strike by the distance from 
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foot to hanging wall. This opening is carried up to the sub-level immediately below 
the intermediate grizzly level; from there a 6 by 0-ft raise J is driven to the grizzly 
level. Branch raise K is also driven from tliis level to hole into the grizzly level about 
50 ft from the mining raise. Grizzlies ore placed on these openings and mill-hole raises 
are driven to the sub-level above the grizzly. Normal stopiug follows. Ore from upper 
part of stope passes through the grizzly into the enlarged mining raise below, lower part 
of which provides good “ore-pass" storage. When the upper half of stupe is completed, 
the intermediate grizzlies are removed and the mill holes bulkheaded. The lower half 
is then completed and if little sloughing of waste rock has occurred above, the siU at the 
intermediate grizzly level is blasted out and 
recovered. Production in these slopes is 
6 000-20 000 tons per mo, depending on 
width of ore, which is 9-35 ft. Break per 
machine-shift is 50-130 tons. 

R. M. Peterson in 1932 (501) cites follow¬ 
ing factors favoring use of sub-level stopiug 
at Iloan Antelope: (1) a working place can 
always be barred and made safe, and sulv 
level exit is always at hand; (2) working 
and drilling conditions in stopes are always 
the same; native lalwr does best in repeti¬ 
tion tasks; (31 pillar spacing can be varied 
as conditions demand; (4) sloping can be 
shut down or opened up> to full capuc at 
short notice, without affecting ore grade or 
causing wastage of reserves. 

Burra Burra mine, Ducktown, Tcnn. 

Data from C. H. McNaughton (180) in 
1929. Orebody is an irregular leuticul-ar 
mass of iron sulphides, carrying l.G% Cu in 
chalcopyrite. Walls are highly metamor¬ 
phosed schists and graywackes, nsiially 
standing unsupxxirted over 100-ft spans; 
walls are firmer than ore, which tends to 
break into coarse blocks, but dues not 
readily break free from walls. Orebody, 
nearly 0.5 mile long, ranges from a few feet 
to max of 180 ft wide, and varies in dip from 
75° at surface to 50° at 1 600 ft, with local 
dips as low as 35°. Db!VEI,opment. Entry 
is by an inclined shaft in footwall and a vert 
shaft in hanging. Croascuts to oreliody and 
haulage drifts are driven at 190-ft vert inter¬ 
vals. Stoping. Sub-level stoping, first adop¬ 
ted in 1025, has largely replaced former 
shrinkage and glory-hole mining. Fig 270 
shows method for widths loss than 40 ft. 

Haulage levels, H, are driven on footwall; 
raises, R, are put up in ore along footwall at 
some convenient distance apart, 340 ft in t ig 

270. At vert intervals of 40 ft, sub-drifts, S, . , „ , , 

4 by 6 ft, are driven between raises in ore near 2G9a. Typi^ Chute Raise 

footwall. At 40-ft intervals along the haulage 

drift, 4 by 5-ft raises, P (“pull holes"), are put up on footwall to first sub-drift. These 
are widened at top to expose walls and are funneled. Grizzlies with 20-m spaces are 
placed at bottom of “pull holes," directly o\'er haulage level. Stoping begins on second 
sub-drift at a raise, by cutting out the raise to full width of orebody Iwtween the first 
and second sub-drifts. Then, a crosscut (“notch”), 6 ft wide by 6 ft high, is driven to 
hanging wall from second sub-drift; the floor of the notch provides a "bench” from which 
down holes are drilled to form a second bench 6 ft below. These operations are repeated 
until the stopo faces reach the shapie shown in Fig 270. Benches below the first are 10 ft 
deep. Stoping is done as on the sub-drifts above; the work on a lower sub-drift is kept 
far enough ahe«d of that on the sub-drift above to assure that the men are always working 
under the protection of solid ground. Mounted hammer drills are used for horiz holes in 
cutting notches (slabbing), and jackhainme;s for vert holes ou benches. Slabbing rounds 
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are drilled with 3 flatholes in a vert row and 10 ft deep, with 2-2.6-ft burden; bench holes 
are 4-5 ft apart along stope face, with burden of 2.5 ft. Blasting is done at night with a 

bulky 35% jK)wdor and eieo detona- 
■3 tor. In 1929, an aver of 48 tons of 

a ore per machine-shift was broken; 

3 powder consumption, 0.33 lb per 

bulldozing on grizzlies required 
^ ***' added 0.167 lb powder per ton. 

S^**^*^ S o block 320 ft long, stope de- 

a 9 velopnient, comprising 2 raises be- 

g ® *f tween levels, 4 sub-drifts, and 8 

B ^*'***Siu. ® ^ “pull holes,” amounts to 2 210 ft 

g and develops 93 tons of ore per ft. 
r t; C "Working in wide orb. Where the 

a ^ ® orelxidy exceeds 40-11 width, sub- 

^ I ^ level stopes 40 ft wide are carried 

^ across the orebody, with 40-ft pillars 
a between them, as in Fig 271. From 
5 a main-level drift D in footwall, 
5 20-30 ft from the ore, crosscuts C 

3 are driven under center lines of 
® slopes. Manway raises li are driven 
B from footwall drift to main level 
^ above, paralleling the footwall and 
J along center lines of alternate pil- 
^ lars. At 40-ft vert intervals, sub- 
^ level drifts *S’ are driven from a man- 
I way raise to center lines of adjacent 
£ stopes, along which 4 by 6-ft sub- 
level crosscuts L are driven to hang- 
I ing wall. At 40-ft intervals along 

^ .S main-level crosscuts, “pull bole” 
^ w raises P are driven to first sub-level 
^ g crosscut. From the last “pull 
-2 hole” in a crosscut, an inclined 
^ raise U is driven to hanging wall 
.3 ^ and thence along the wall to the 
■£ -S main level above. Stoping starts by 
_ > •§ breasting out the ore to the pillar 
" S “ lines on first sub-level and funnoUng 
^ the “pull-hole” rai.ses, as in Fig 271, 
beginning at hanging wall and work- 
H ing toward the foot. Starting at 
n (M second sub-level, hanging-wall raise 
H is widened to full width of stope 
between first and second sub-levels, 
benches are developed, and mining 
proceeds as described above for the 
longit stopes. In 1929, no pillars 
between sub-level stopes had lieen 
extracted, but pillar recovery by 
imdorcutting and breaking with 
long holes (up to 120 ft, with seo- 
tional steel) was anticipated. Ad¬ 
vantages of sub-level stoping over previous shrinkage methods are reflected in the 

acoomp^ng costa per ton for Cost of Stoping Labor, Burra Burra Mine 

stope labor for year 1928. -=- 

Home mine, Norai’.da, Quebec. Drilling in BlockhoUng T-tal 

Data from H. M. Butterfield and stopes and loading 

E. Henderson (120) in 1934, and —— — 

tomo.in 1937(121). 8.appi^ ":m ""3 ":1« 

mentary information was generously-=- - -- 

contributed by the management in 1938. Sub-level stoping is applied to principal, or 
“H," orebody, a large, irregular, generally vert body of massive sulphide carrying values 
chiefly in copper and gold, occurring as a replacement of breociated rhyolite. From 
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deptb oi 500 to 1 200 ft, and from 1 500-3 000-ft level, orebody averages about 1 000 000 
tons per 100 ft of depth. It narrows like an hour-glass near the 1 250-level and widens 
again at 1 500-level. Portion above 1 250-level is called "Upper H"; that below, 
" Lower H.” These main portions aver about 600 ft long, varjdng in width from 
40-540 ft. Ore is unusually strong. Gbnrral dj:veix)pment. Mine is served by 3 vert 
shafts; one, near the center of “H” orebody, is used as a 8or^^ce shaft; other two, in 
country rock, are for ore-hoisting. Level interval is 126 ft below depth of 600 ft. Main- 


level drifts are 7.5 by 8 ft. Stopino. 
A modified form of sub-level sloping 
was used in mining “Upper H” ore- 
body. Main difference from usual 
procedure is that raises, on 40° incline, 
take the place of sub-level drifts or 
crosscuts. Method was originally de¬ 
veloped by E. Hibbert and employed 
at the Mother Lode mine. Green¬ 
wood, B C, Bib (207) and p 686 2nd 
edn of this book. Fig 272 shows 
general plan of work. Orebody was 
divided into vert stoping panels 46 ft 
wide, separated by 35-ft pillars. From 
a haulage drift, usually within the 
orebody, inclined chute raises were 
driven on center lines of both stopes 
and pillars, and grizzlies instalUyl, as 
at 0. Front each grizzly, a raise B 





was driv'cn at an inclination of 40° to 


I ' 

ts 

. e . 


a height set as a limit of the particular £ 

block for which it was to serve, about ‘ ^ 

190 ft in Fig 272. From tlie back of ' "S 

this raise, at 26-ft centers, 6.5 by 7-ft O 

raises S were driven on 40° incline to 

intersect raise T from a level aliovo, ^ ; -J 

parallel to raise B and marking an- o ^ 

other limit of the stoping block; in o -S 

Fig 272, raise 7’is about 150 ft from ^ * 

B. Purpo.se of raises S corresponds ' S C L “ s §■ 

with that of sub-level drifts in the -1 i § —O a\u,. T cd 

usual sub-level sloping. Other stoping r-j . ;j ]~\^ i 2"^ “ "3 

blocks above, separated from each ; ; i-g ; : ■ € t ^ am* -2 

other by inclined pillars, were similarly i i| i i I g 3 

developed. Fig 273. About 30 miles ME » I g i O 

of raises were driven in developing i ; g : o i ^ ® M i f ^ 

"Upper H" orelnidy. liaises B and —i i o i '■ [ ^ > S 

S in the stoping panels were later fci is i H ^ 

widened by slabbing rounds to full oi i j ^ gj 

slope width of 46 ft. Assay 8 «>ction 8 , 5 ^ ^ ; I : 

from sampling raises during driving, g; ' \ \ ^ 

afforded an accurate outline of the ^ < i ; ^ 

orebody and full knowledge of the ore j S 

grades. These data, together w’ith the dix ^ 2 S 

greatnumber of working faces, permit- o: m | 

ted close control of grade during the * V 

widening of raises and also in subsc- «-_of—>«—ot—>*—^o»—»«- 70 t—> 

quent bench mining. The numerous ---; 96 t—-» 

working faces also afforded easy con¬ 
trol of tonnage. 

This mode of stope development was followed by underhand mining of the blocks of 
ore B (Fig 272) between the widened raises of the stope panels General stope face wa.s 
carried in inverted steps, benching on the face of each block being done in advance of that 
on face of next block above. At first each face was mineii in 2 cuts, as at C, by down holes 
with jackhammers, tlie miners having to wear safety belts. Later practice was to break 
the faces wiUi a single cut, by drilling long holes from beneath, using jointed drill steel. 
(This method would seem to require carrying general stope face parallel with raise B, 
rather than as shown in Fig 272. Author.) 
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In general, mining of pillars follows filling of completed slopes, but, if pennitted by wall 
conditions, pillars are blasted out before the adjacent stopea are filled. Where this is done, 
pillars are drilled from the central raises concurrently with stope drilling. Much exper- 




Fig 272. Diagramuiafic Skotcb showing Modified Form of Sub-level Sloping, Horne Mine, 

Norandit, Quebec 


[j00'I.cvpl 



LEefKJTD 
: Planned raises 
: Completed raises 
■ Ratacs widened full 
width of stope 
I Coiiipleted benching 
full width of atepe 


Fig 273. Lcngit Sec through s Stope Panel, "Upper H" Orebody, Horne Mine, Noranda, Quebec 

imenting has been carried on to find a filling material which will cement itself; best mixture 
is 50% granulated slag, 3S% crushed slag, and 12% mill tailings (rich in pyrrhotite). 
After several months of oxidation and consolidation, drifting through this tyi>e of fill is 
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like c(riftinB in rock. For mining strong, low-grade pillars next to well compacted fill, a 
method resembling sub-level caving (Art 75) has been devised: blocks are mined from top 
downward, removing about 30% of the interior of a block; upon simultaneous blasting 



Fig 274. Sub-level Stoping, “I.ower H" Orebody, Horne Mine, Noranda, Quebec 


r™-rr —JTiirrr: ztt= -- 
rrttr r- 
rtOt-- 


of the rest, the fill caves in on top of the broken ore as it is drawn out. When removal 
of one block is completed, the next block below will be attacked. In higher-grade ore 
and under less ideal conditions, , 

filling methods (Art 59), square- mumn _[' -[ j ___ 

sets (Art 45). or top-slicing j XZi. wwiiw 

(Art 70) may be employed. 

The more usual form of sub- . 

level stoping is employed in ^ | 

"Lower H” orebody, with Sl^l-^—— 

lifts of 250 ft. This orebody is Down holcg gf* “ “ 

divided by 1 longit piUar and 4 Up bole s'"'^' ______ _ 

transverse pillars into 10 stop- --- 

ing segments, generally 60 ft | g g 

wide (Fig 274). All pillars ex- 1 N"* 

cept 2 are 40 ft wide; shaft 1 | , ^ wT 

piUar and 1 other. 60 ft. Level | 

pillars extend 50 ft above and | ET This'coni^^ tB~ken 

26 ft below levels, giving stope 1 _ . ‘J-CNit.iJi’.wn lor biockiioUiig 

height of 176 ft (Fig 275). o»C SLq«. 

Main-level drifts are parallel 1 —._,jS 

with and near a pillar line of a . _ 1 It ^"7 7 1 77 T'! 71 M TT” 

Btope section. Chute raises 

(Fig 276) are 30 ft apart. V Main Uaolage level s 

About 26 ft above the haulage -- - —— 7 - —-- :i43rz 

level, grizzbcB, 16 ft long with J 6 ^ Cross 

20 -in openings, are set crosswise <*^ 40 *'^ 

ofstopesection; inched raise., ^TS. Side Elev. Hon* Sub-level Stone, “Lower H“ 

ar© driven from eacli ©nd of Orebody, Horne Atine, Noranda, Quebeo 

griwly to reach the stope floor 

at the pillar lines. At stope-floor elevation, a drift A (Pig 276) is driven along a pillar line, 
breaking into the grizzly raizes on this side. From this drift, beginning at the contact end 


iSlfblovcl In conlor of stope _ 

^~rsr~:Z—r"zzz: :ztt~ ~± 

11NL f bis corner taken 
U-.^)ilj,<Jown lor blockboUiig 

"Manway jn one trait 

._ls ‘ 

I i <1 I I II M M M 11 SlQa 


Main Uaulage level f ^ 


Fig 275^ Side ®ev, Hori* SuWevel_ St^e, Lower H" 


Orebody, Horne Mine, Noranda, 
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of the stope, the Btoi>e floor is breasted out across to the other pillar; the grissly raises 
are coned out os they are exposed. During mining, the stope-floor undercut V is main¬ 



tained one drawhole in advance 
of stope face. A manway drift 
Af, on center-line of the stope 
section, connects all grisslies of 
a given stope. Stopes are 
opened 5 sub-levels, 35 ft 
apart vertically, each connect¬ 
ing with the central main shaft. 

Original practice was to 
drive one line of sub-level drifts 
along the center line of the 
stopes, A (Fig 277). A raise 
was then driven the full height 
of stope, along the contact of 
ore and wall-rock, and con¬ 
nected with each sub-level. 
Stoping started by widening 
this raise to full stope width of 
60 ft. Benches, 10 ft wide, 
were next made by driving a 
crosscut or notch Af (Fig 275) 
across the slope face at each 
sub-level. Benches between 
sub-levels were broken by 2 


rows of uppers and 2 rows of down holes^ A (Fig 277). All holes in stope face were fired 


simultaneously by elec on Saturday nights, 
making a break 175 ft high, 60 ft wide, and 
10 ft thick; total, 8 000 tons. About 4 tons 
of ore were broken per lb of powder in 
primary blasting. Some secondary blasting 
was done on stope floor before the ore 
entered the raises to grizzlies; in blockhol- 
ing, miners worked under protection of brow 
of lowest bench. 

Recent practice of brealting benches is by 
"ring drilling.” Each sub-level is opened by 
2 drifts along the pillars, B (Kg 277), in¬ 
stead of 1 drift through center of stope. All 
stope drilling is done from within these 
drifts. Using pointed steel, miner drills a 
half circle of holes, 12-20 ft deep, moves the 
bar back 6 ft and repeats. In massive sul¬ 
phide, about 50 ft of hole is drilled and about 
190 tons are broken per machine-shift. Holes 
are blasted with 40% gelatin dynamite, about 
0.2 lb per ton of ore. Advantages of ‘‘ring 
drilling” are that miner works in safe place, 
and drilling is a routine carried on as far in 
advance of blasting as desired. 

Drilling blast holes with diamond drill. 
Sub-level stoping is also used in^mining, for 
flux, a body of hard, slightly mineralized 
rhyolite. Stopes are 105 ft wide, with sub¬ 
level interval up to 60 ft; otheiw'ise, the plan 
is same as at B (Fig 277). Drilling is by 
diamond drill, as groui-.t is too hard for satis¬ 
factory drilling of deep holes (sometimes 60 
ft) with usual drifter machine (see above). 
Light, “prospecTor” diamonJi-drill machine 
is used. .4bout 30 ft of hole is drilled, break¬ 
ing 150 tons, per drilh-shift. Powder con¬ 



vert Cross-Sccs 


Fie 277. _ Methods of Breaking Ground, 
Horne Mine, Noranda, Quebec. Dotted hues 
represent “helper” holes drilled between the 
mam rows to insure a clean break on the walls 


Sfumption per ton is about same as in sulphide stopes, namely 0.2 lb of 40% gelatin per 
ton. For additional details of diamond drilling, see Bib (121, 616). 
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Co«ti. Mr. O. Hall <121} states (1937) that cost of exploratioa and develoiMnent is 
about 30^ per ton. Cost of mining, exciumve of development, averages about 90^ per ton, 
as foUows: sloping, 30fi; grizxly blasting, lOfi; mucking and tramming, 14fi; hoisting, Sfi; 
steel and tools, 7^; rock drills, 5|i; power and misc, 16f(; total, 90^. 

Flin Flon mine, Manitoba. Data from M. A. Roche (565) in 1931, from Roche and 
J. P. Caulfield (566) in 1935, and W. J. Marshall (567) in 1936. Main orebody, of massive 
sulphide, contains Au, Ag, Cu, and Zn. Hanging wall is hard, fine-grained greenstone, free 
from faults and schistose areas. Footwall varies from quartz porphyry to soft talc schist, 
and is somewhat flatter than hanging wall. General dip, about 70°. Width of ore. from 
450 ft (including waste horses) at the surface to about 40 ft on 900-ft level. Ore is very 
heavy and hard. A sub-level mining method is employed, with heavy equipment for 
scraping ore to loading chutes, and cages in service raises. DavELomENT. Main hoist¬ 
ing shaft is vert, sunk in hanging wall about 500 ft from outcrop and centrally located in 
respect to orebody. Vert interval between main haulage levels, formerly 260 ft, is now 
520 ft. Fig 278 shows general layout. Haulage drifts, 10 by 10 ft, are driven in foot- 
wall, parallel to orebody. Crosscuts, 10 by 10 ft, are generedly 250 ft apart and driven 
far enough into hanging wall to allow room for ore trains. Crosscuts arc usually on center- 
lines of 40-ft pillars between stoi cs. Ser\’ice raises, driven 20-30 ft in footwall, are on 
center-lines of pillars; they may bo vert or inclined to <»niorm with dip of orebody, and 
are equipped with cages. From each crosscut, a raise is driven at a point near center 
(crosswise) of orebody to 12 ft above the roof of crosscut. At about 6 ft above the roof, a 
36-in manganese-steel grizzly is built across the raise. Drifts S (Fig 278) called "scram 
drifts,” 10 by 10 ft, cnmiect the raises; they are at a 5% up-grade to a point midway 
between raises. At intervals of 40 ft along the "scrain drift," 7 by 7-ft draw raises are 
driven to bottom of the first sub-level which is about 46 ft above the back of the haulage 
level. Stoped ore drops through the draw raises hi “scram drift,” in wliich a scraper drags 
the ore to the grizzlies for loading into cars beneath. The draw raises start from backs of 
single-round crosscuts, thus providing a brow to limit the height to which the broken ore 
can pile up in the scram drift, so the scraper can always pass over the ore pile and get 
behind it to move the ore. A raise at the longit center of stopc is driven from the first to 
the highest sub-level of the block to be mined in one “lift." Original lifts of 260 ft have 
been increased to .520 ft. Slopes are developed by sub-level drifts, 5 by 7 ft, near center 
of orebody and at 40-ft vert intervals. They are driven from the service raises in the 
pillars. Stopinu. When the draw raises are completed to first sub-level, they are coned 
out to connect with each otlier (I'ig 278). Actual stuping starts on second sub-level, at 
the center raise. The ground around the raise is drilled and blasted through to the cones 
below, and the raise is widened laterally until both walls are exposed. While this is being 
done at the second sub-lev-el, a 10-ft bench, from foot to hanging wall, is made on each 
side of the raise. These benches are then drilled with 2 rows of 6--8-ft vert down holes, 

5 ft apart along the bench and 18 in to 2 ft apart across it. Two successive cuts, each of 
12-ft holes, complete the vert slice to the imdercut stope below. Working at the open 
ends of the second sub-level drift, tlie miners then drill horizontally to establish another 
10-ft bench from foot to hanging wall. When 2 benches have been completed on any 
sub-level, benching starts on the next sub-level above. This gives a sequence in which the 
benching from one sub-level is not more than 2 benches ahead of that from the sub-level 
above; hence, miners are protected from mining operations above them, and, at the same 
time, enough support is left for the overhanging ore, so that the men above can work in 
safety. Fig 279 shows a typical scram drift in plan and section. Double-drum scraper 
hoists with 150-hp motors are used. Scrapers are 84 in wide, arc type, made of manganese 
steel, and weigh 3 600 Jb. Lead rope is 1.25-in, 6 bj" 7, plow-steel; tail rope, 1.25-in, 

6 by 19, plow-steel. Rope speed, 300 ft per min; aver load, 2.4 tons, per trip, or a capac 
of 307 tons, per hr for continuous scraping. Crew con.sists of 1 operator and 1 bulldozer; 
latter blasts down hung-up raises and assists operator. * Scraper loads into 10-ton cars, 
spotted beneath grizzly. Long-hole drilling in stopes. W. J. Marshall (567) describes 
in 1936 an apparently successful experiment, in which the bench between 2 sub-levels is 
broken in a single cut by drilling holes about 24 ft deep, tapering from 3 in at collar to l^/g in 
at bottom. Drilling is by drifter on a cross-arm between 2 vert columns. Holes usually 
dip about 70°; their spacing lengthwise of bench is 5-8 ft; rows about 4 ft apart. Holes 
are sometimes sprung before loading. Number of sticks of powder per hole is from 85 for 
an unsprung hole to 160 for one sprung 3 times. An aver of about 40 ft is drilled per 
machine-shift. In breaking 21 600 tons, an aver of 6.02 tons was broken per ft drilled. 
Cited advantages of long-hole drilling: (a) Elimination of mucking on benches. (5) Greater 
safety. In ordinarv benching, second and third benches are sometimes dangerous for the 
men, duo to narrowness of lodge, (e) No difference in break, compared with 3-benoh 
method, has been noticed, (d) Lower mining cost per ton. 
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McIntyre mine, Schumacher, Ont (171). Waste rock is mined by sub-level stopins 
to provide fill for horis cut-and-fill stopes described in Art 60. Block of rock opened for 



* 650 niam baoJaiic drllt 

PLAN 



Cross Sec 

Throur;.h Supply Raise 



Cross Sec 
Benches in Slope 


Fig 278. Tyv,cal Bub-level Stope, Plin Flon Mine, Manitoba 


ub-level stoping is 270 ft long, 110 ft wide, and 176 ft high (Fig 280). A 9 by 9-ft drift 
is driven under center of block and a grisaly level driven 29 ft above rail. Sub-levels, 
6.6 by 5 ft, are 26 ft apart vert. End of block is opened first by a 24-ft ■br inlran a stope. 
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carried full width and height of block; thereafter rock is broken by vert holes drilled up 
and down from crosscuts or notches driven across the block from the sub^levels. 

Mount Isa Mines, Ltd, Mount Isa, Queensland. Data from J. Kruttachnitt and 
V. I. Mann (500) in 1037. Ore deposits ore replacements in zones of shearing and folding 
in a thick series of shales dipping SS-GO**. Strike and dip of orebodies conform in general 



with those of shale beds. Below oxidized zone, ore comprises Ag-Pb-Zn sulphides, 
usually interbanded with pyrite and pyrrhotite. Aver metal content of ore is about 
4.8 oz Ag per ton, 8.2% Pb, and 8.1% Zn. Principal orebody, as known, has max length 
of 2 000 ft and proved depth of 1 200 ft. Mineralization occurs over a stratigraphic 




Cross Sec B-B 


|-/ /*• /Grizzly level n !| ^V'X'' 

Longit Sec A-A 


Fig 280. Miniag Waste Rock for Filling, Malntyre Mine, Schumacher, Ont. 


thickness of 160 ft, permitting, in part, stoping across full width; usually, stoping is con- 
hned to a 32-ft band oi ore adong hanging wall and a 4(>-70-ft band along footwall. Upper 
part of orebody, largely oxidized, was mined by surface glory-hole (Art 99); sub-level method 
was used in sulphide ores below. Gbnekal dbveutpmbnt. Mine is served by 2 main 
vert snafts and 2 auxiliary vert shafts. Main shafts are in footwall; one for service, 
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the other for hoieting ore. Level interval in original sub-level stoping was 200 ft vert. 
For new work, levels are 175 ft apart. Haulage drifts and croasouts are 10 ft wide and 
0 ft high. Main-level devdopxuent depends on stope lay-out; where width of ore exceeds 
75 ft, Btopes run across the lode and are developed by crosscuts; for widths less than 75 ft, 
slopes are longit and served by drifts. 

Longitudinal slopes. Haulage drift is located centrally resiiocting the orebody at 
the stope-undercut. Length of slope and general procedure are ^justed to width of ore 
and ground conditions; for widths of 6-14 ft, sub-level drifts are 30 ft apart and 7 by 5 ft 
in sec. Benches, 6-8 ft wide, are cut at each sub-level above the undercut and carried 
down with jackhammers until they break through to stope below. Usually, 3 such cuts 
are required, the last being 12 ft deep. Safety belts are worn by all men on the benches, 
the ropes being fastened in the sul>level drift above. Fig 281 shows plan of work in 
wider stopes, where ore is 75 ft wide. Stopes, 72 ft long, are limited on one end by a 25-ft 
pillar, through which a 5 by 7-ft service raise is driven on footwall between main levels, and 
on other end by a 20-ft pillar. Each stoiMj is served by 2 sets of chute raises, each set 
comprising 2 inclined raises at right-angles to strike and driven from chutes opposite one 



projection of Sec along Vein across strike of 75'Ore body 

J 2o'-|»- 12 ^— 



Fig 281. Longit Sub-level Stope, Mt Isa Miner, Queensland (5001 


another. A grizzly, running crosswise of orebody and having 12 by 24-in openings, is set 
over each chute raise at 23 ft above main level. From outer ends of grizzlies, inclined 
raises on footwall side and vert raises on the hanging-wall side are driven to floor of the 
“undercut” level, 24 ft above the grizzly. A horiz slice 8 ft high (under-cut stope) is breasted 
out here, and tops of raises are “ belled,” but these operations are delayed \mtil No 1 sub¬ 
level is well advanced, to avoid premature breaking of tettom by heavy blasting in sub-level 
headings. In stopes approaching 76 ft wide, a narrow supporting rib is left along center-line 
of undercut as a temporary pillar for No 1 sub-level, ^b-level interval is 27 ft; 2 drifts, 
“ center headings,” are driven on each sub-level. At the elev of these, a short crosscut A 
(Fig 281) is driven froir, service raise into the stope pillar. A drift runs from this crosscut 
to the pillar edges, and along each side thereof crosscuts B are driven to the ore limits. “Cen¬ 
ter headings” are 12 ft wide by 10 ft high. Crosscuts B later serve as points of attack 
in mining out a vert slice, or ' cut-off stope,” at the end of sub-level stope. Broken ewe 
from center headings is scraped to rut-off raise C until headings advance to " scraper 
raises ” D, which then become the mucking transfer. “Cutting-off ” operations at end 
of the stope at which mining will start are carried on concurrently with sub-level develop¬ 
ment, but timed to avoid interference with driving sub-level headings. Breaking greund 


l(Forttop«cb«JoirN«.4 iertl thk dittuie« Is 186) 
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M toonaire broken per ring: for No. J Snb-level = 372 tons 

*» 4» *4 k4 44 44 2 ** “ ^ 3H0 ** 

282, Ring-drilling Diagram for Longit Sub-level Slope, Mt Isa Minoa, Queenaland 



across 190'Ore body 

*■ Scnp«r_raln 



Vert Sec A-A 
along the strike 




Sectional Plan B-B 

Ilg 283. Transveiae Sub-levd Slope, Mt Isa Mines, Queenaland (500) 
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between sub-levels is done by ring drilling ’’ (Fig 282), starting after No 1 and No 2 
sub-level headings are completed. Work begins at the cut-off stope and retreats to the 
service-raise pillar. When a heading is ready for drilling, surveyors paint a center line 

along roof of heading, horia elev lines 
along each side, and short vert lines 
on the sides at priJper ring intervals, 
usually 4-5 ft. Machine mountings 
are 3.5-in columns, set midway be¬ 
tween 2 rings to be drilled, so that 
the arm, when clamped, is directly 
under and parallel with center line. 
Elev of arm is such that center-line 
of machine w'ill lie level with the elev 
lines on each side of heading. Each 
hole is drilled on a dclinitc plan, the 
drill l)cing set accurately by a clinom¬ 
eter dc.signed for this purpose. Holes 
in bottom half of ring and those in¬ 
clined slightly above horiz ore drilled 
with driftei.s; the others, with auto¬ 
matically rotated stopera. Skilful 
miners average BO-90 ft of hole per 
drill-shift. Blasting is done electrically 
by special crews. Ring in hanging- 
wall heading is blasted with instan¬ 
taneous detonators, and the corre¬ 
sponding ring in the footwall heading 
with delay detonators, both coimected 
to same circuit. Wooden spacer 
plugs, 1.25 in by 8 in, are inserted 
between sticks of powder for wider 
distribution. Blasting on sub-levels 
is k(!i>t in step, so that no heading is 
blasted more than 4 rings in advance 
of heading above. Explo.sives arc 40 
and OO'/f, gelignite, consumption being 
0.40 lb per ton in iirimary blasting 
and 0.027 lb in secondary blasting. 
In longit stopes, regulaiity of walls i.H 
essential for clean extraction by “ring- 
drilling.” 

Transverse stopes. Fig 283 shows 
layout of transverse slope, where level 
interval is 200 ft. Stopes are 30 ft 
wide, with 15-ft pillars; they are 
opened in pairs, main-level cross-cut 
for serving both being driven on cen¬ 
ter-lino of pillar between them. The manway drift connecting grizzlies is common to 
both stopes. In Fig 283, the sub-lovcl interval is 27 ft, as in the longit-stopes, but the 
center headings are 10 by 10 ft, instead of 

10 by 12. Procedure in sub-level develop- Labor Distribution. Mt Isa. M an-hr per Ton 
ment, and in breaking ground by ring 
drilling, is similar to that for longit stopes. 

Fig 284 shows a 24-hole ring-drilling dia¬ 
gram. 

Operating data. For year ended Juno 
30, 1936, man-hours pe ton for developing 
and mining by sub-levol sloping about 
704 000 tons of ore were as in adjoining 
table. During same period, uver tons iier 
manshift underground were 1.66. Explosive 
consumiition was 0.96 lb per ton, 0.151b 
for development, 0.81 lb for mining. Timber consumption, 1.43 bd ft per ton. 

Stimmary. Following factors led to choice of sub-level sloping at Mount Isa: (a) need 
of a low-cost method, owing to relatively low-grade ore: (b) desirability of allowing 




Develop¬ 

ment 

Mining 

Total 

Orilliiig and blasting 

Mucking. 

Timbering and filling. 

Grizzlymen. 

Haulage and hoisting 

Supervision. 

General (underground) 
Total. 

0.098 

0.101 

0.026 

0.041 

0.014 

0.064 

0.456 
0.159 
0.055 
0.043 
0.214 
0.062 
0.379 

0 554 
0.260 
0.081 
0.043 
0.255 
0.076 
0.443 

0.344 

1.368 

1.712 
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devdopmwt, stope preparation, breaking, and drawng of ore to proceed concurrently; 
(e) tendency of ore to oxidise rapidly, adversely affecting mill recovery, favored method 
in which, accumulations of broken ore could be minimised; (d) mSety factor; (e) need of 
e li min ating, as far as possible, features depending on judgment and skill of miners, due to 
the comparative inexperience of most miners available; (/) though laminated in structure, 
ore is hard and breaks in large blocks, thus making caving methods unsuitable. 

Champion mine, Mich. For sub-level stoping, with filling, at this mine, see Art 63. 


44. SUMMARY OF OPEN-STOPE METHODS 

Applications. Open stoping methods, described in Art 29-43, are designed for andely 
different conditions of dip, width of deposit, character of ground, and grade of ore. Gen- 
erahsations, applying to all types of open stuping, are difficult, but the following principles 
apply: (a) low-cost mining by open stuping is sometimes possible through sacrifice of 
part of the deposit in permanent pillars; then the method is applicable to low-grade 
orebodies not warranting higher-'-o.st methods in any circumstances; (6^ possibilities of 
selective mining vary; on steep dips they are usually limited to the leaving of low-grade 
areas as pillars; in thin deposits on fiat dips a high degfee of selectivity is possible; 
(c) underground sorting of ore is possible in flat deposits, but only to a limited extent on 
steep dips, especially where widths exmed economic length of stulls; (d) use of open 
stoping usually presupposes strung ore and strong walla, except in thin deposits of flat or 
moderate dip that can be worked by a retreating system, as at Calumet & Hecla (Art 39) 
and Pilgrim mines (.\rt 35); (c) methods are usually limited to tabular deposits with 
regular, well defined wails, but aie sometimes used in large, massive deposits with irregular 
walls, as at Horne mine (.Art 43). The following comparison of underhand and overhand 
methods applies in part to breaking ground :u any stoping method, and in i>art to open 
stupes in veins; it also draws attention to factors to be considered in planning open-atope 
methods in other types of deposit. 

Underhand mettods. Advantages : (a) aU drill holes are down holes; this is advan¬ 
tageous for hand-drilling and permits efficient use of hand-held jackhammers, with 
resultant simplicity in drilling; (5) miners stand on ore while working, which may be 
safer than overhand stoping in narrow veins of weak ore with strong wallii; (c) underhand 
methods, where applicable, require less timber than overhand; (d) in general, loss of 
fines is less in underhand than in overhand work. Disadvantages ; (a) danger, because 
men work under inaccessible backs and walks, the height and area of which increase as 
Btope is extended, and loose pieces may fall; (b) due to above conditions, the level inter¬ 
val must usually be smaller than for overhand methods; (c) facilities for storing waste 
in stopes are poor; (d) broken ore from face collects at a single point, which may interfere 
with economical handling. 

Overhand methods. Advantages (not indies fed above): (a) miners work near 
hack of stope, where they can examine face carefully and take down loose ground, and 
are not exposed to danger from pieces falling from a height; (b) waste or ore is readily 
stored in stopes; (c) a greater variety of working plans is available than in underhand 
stopes and any type of machine drill may be used; (d) an open, overhand method may be 
changed to a square-setting, shrinkage, or filling method, far more readily than underhand 
stoping; (e) gravity aids in breaking ground; (/) broken ore slides down the dip under the 
impetus of blasting; this allows handling of ore to the level below without mechanical 
devices on flatter dips than is possible in underhand stapes. Dibadvantages are largely 
the converse of advantages of underhand; in addition, support for men is necessary in 
overhand stopes on dips over alxiut 40'’, whether required by walls or not (Art 93). 


TIMBERED STOPES 


The term “timbered stope” is used here to denote stopes in which timbering is the 
dominant feature of the method. Stulled stopes (Art 38, 39) are types of timbered stope. 

46. SQUARE-SET METHOD 

Square-sets were first used in the U S in 1860 by Philip Deidesheimer, at Ophir mine, 
Comstook Lode, Nev. In early days, the method was often called the Nevada squaiw^et 
system. 
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DMeription. Thie atope faces are advanced by aacceaaive small exeavatimui, 8a<A 
timbered before the next is liegun. Timbers in adjoining sestions are framed into anil 
trttitatftlly support one another, forming a continuous structure of horis floobs, composed 

of rectangular frames 8Ui>- 
ported at their comers by 
POSTS (Fig 285). One pair 
of parallel horis timbers 
are caps, those at ri^t- 
angles to caps being oibtb 
(ties, braces or collar 
braces). Posts, about 7 
ft high, are 5-6 ft apart c 
to c, both capwise and 
girtwise. Caps are often 
stronger than girts, the 
principal function of girts 
being to hold the posts in 
position. In veins, caps 
Usually have their long 
diinensfon at right-angles to the strike; in masses, in the direction of max lateral pres¬ 
sure. Square-sets support men and broken ore, as well as the stope walls. Lowest floor 
of a stope is called the sill floor ; this may lie level with bottom of haulageway (Fig 287), 
or at a higher elev (Fig 289, 293). Highest working floor is the mining floor and next 
below is the bhovelino floor, made by laying planks across caps or girts (Pig 285). 
Above the sill are the Ist floor, 2nd floor, etc. The first set erected on any floor is a 
RAISE set; it has 4 posts. 2 caps and 2 girts. First set in a new row on a floor is a lead 
SET, requiring 2 posts, 2 girts and 1 cap, o** 2 posts, 1 girt and 2 caps. In working alongside 
of sets in place, side sets or corner bets are used, consisting of post, cap and girt. 
When a stope is well opened, nearly all .sets added are corner sets (Fig 286). Open 
SQUARE-SET STOPBS are those in which the sets alone are relied upon to support the wails; 
in filled square-set stopes, waste filling is used for added support. 

Breaking ground in square-set work follows general overhand practice (Art 26-28). 


Fig 285. Square.«et 
Timbering 


MM or MININO FLOOl 

.Fig 286. Diag of Square-set System 


46. FORMS OF SQUARE-SET STOPES 

General. Some sloping methods are based upon the use of square-sets, in others 
their use is incidental. AVhen waste filling is used, the stope is the same as the corre¬ 
sponding form of untimbered filled stope (Art 66-65), except for the use of square-sets as 
temporary support before filling can begin. There is a similar correspondence between 
an unfilled square-set stope and an open stope of same form. 

Oecaaionally square-sets are used in open overhand unfilled stopea, chiefly to provide working 
platforms; ss at New Idria mine, C'alif, where ore is over 10 ft wide, with steep dip. Nearly all 
square-set timber is reclaimed and reused until worn out (320). 

Mining large, weak deposits by square-setting usually requires a division of the orebody, 
between any two levels, into sloping blocks of limited horis area. 8uch stope work is 
called a block system. Size of blocks is adjusted to strength of ground, so that work in 
any block is rapid enough to avoid excessive pres.s. This sectionaiizing is sometimes done 
by dividing orebody into alternate stope and pillar panels (.see Frood mine, below), mining 
of pillars following completion of stope panels on both sides. In other cases, sm^l blocks 
are sloped and filled; then corresponding blocks are mined alongside (Fig 287). Individ¬ 
ual blocks may be mined by any form of square-set stope described below. Development 
REQUIREMENTS vary with type of stope. A drift, either in wall or in orebody, is a pre¬ 
requisite to opening the sill floor. In wide orebodles, there may be a grillage of drif'i» and 
crosscuts. At least ore raise to the level above is usually necessary in each stope, for 
ventilation and handl'.ig timbers and filling. 


a. Flat-back or Stepped-face Overband Stope 

Anaconda Copper Mining Co, Butte, Mont. Data from W. B. Daly, Mgr of Mines, 
in 1939. Copper ores occur in complicated vein systems; sloping widths, 4-100 ft, 
usually 10-30 ft; dips generally steep; country rock, commonly granite. Principal 
gangue mineral is quarts, with pyrite and blende.. Numerous faults cause rioughiog wnd 
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RpieenniK of walls. Closely filled flat-back square-set stopes are used where square-set 
rill stopes or horiz (flat-baek) out-and-fiU stopes (Art 60), or ordinary fiUed-riU stopes 
(Art 46) are not applicable. 

In narrow veins the level interval is 100 ft or 200 ft; levels usually driven in the vein. 
Drifts are timbered with Kiuore-seta; offsets into footwall are usually made at every 6tb 
and 6th set, to be used later for chutes and manways. When drift is far enough advanced, 
2-oompt raises to the level above are started in every 3d or 4th offset. When 2 adjacent 



H.inir1nir wall 



Fic 287. Bleak System (diaerainmatic); numbers show order of mining blocks 

raises are up far enough,'’the first 2 slope floors between them arc mined and timbered, 
ore being handled through stop boards into cars on level. Sheeting of small stuUs laid 
on sheeting caps is then placed over the drift caps, and a temporary floor of 3-in lagging is 
laid over caps of second floor; then intermediate chutes and manways are built. Slope 
is now carried up with a stepped face, a new floor being started when floor below passes a 
chute. Waste, from .sorting in IcvcI.h above and sometimes fiom inclined raises in foot- 
wall, is kept within 1 or 2 sets of back. Fig 288, from Gardner and Vanderburg (189), is 
a longit sec of a square-set slope in a narrow orebody gt Butte. The mode of'advancing 
the stope face typifies general practice in square-set slopes, applicable to wide orebodies 
as well as to narrow veins. Fig 288 shows the introduction of waste filling, but otherwise 
depicts open stoping with aid of square-sets; it would also represent a section of a trans¬ 
verse slope carried perptmdicular to the strike in a wide orcb^y. 

Argonaut mine, Calif. Fig 289 shows a narrow, square-set stope for which filling is 
obtained by mining wall rock. In such cases, raises to the level above would be unneces¬ 
sary, but are advisable for ventilation and safety. 

McIntyre mine, Schumacher, Ont (171). For description of geol features and mining 
by horiz cut-and-fiU, see Art 00. Flat-back square-set stopes are used for mining heavy 
ground, especially where ore is wide. Sets are of cap-butting type, to resist side press. 
Posts are 10-11-in sqi,ared rounds, 8 ft lung; caps, same size timber, 5.3 ft long; girts, 
7 by 9-in squared, 4 ft 11 in long. In mining wide areas, timber cribs placed on the fill 
and blocked to back as auxiliary support are largely used. When blasting, sets are rein¬ 
forced by diagonal timbers and add^ temporary posts under caps. Breast holes 10-12 ft 
deep are drilled, and blasted with max of 2-3 sticks of powder. Chutes ate 50 ft apart 
I—1R 
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and lined with S-in plank; fill-raisee, 300 ft apart. Ore and fiU are handled in l-ton can 
on 16-lb sectionalia^ track, with turntablee instead of switches. 

Freed mine, Sudbury, Ont (49, 03). Data from H. J. Mats, Bupt of Mines, said 
others of staff of International Nickel C!o of Canada, in 1930,1937. Mining method here 
illustrates square-setting in large-scale work; a “block” system is used; individual stopes 
are flat-back overhand stopes. Obsbodt is in a breooiated sone in altered sedhnents mul 




mtrusives. Metallic minerals, chiefly pyrrhotite, pentlandite, and chalcopyrite. Outcrop 
extends more than a mile, and'd over 600 ft wide in places. Mineralization is relatively 
weak in upper part of orebod/, but intensifies at depth to massive sulphides, 40-200 ft 
wide. There are occasional lenses of quartz-diorite within the massive sulphide. Dip of 
ore averages 66®; walls, irregular. A ^ depth of 2 000 ft and below, ore is rich enough to 
require a method allowing selective mining and high extraction. DEvxLOPMBN'r. There 
are 2 vert shafts sunk from surface in footwall, and an mside vert shaft, to handle men and 
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materials below the 2 800-ft level. Level interval above the 2 800-level is 200 ft; below it, 
190 ft. On ea^ level a main crosscut is driven through Ute orebody, and from it a S(Mt 
vaisb is put up m ore. At this point, a 4 by &-ft drift is driven the fuU lengtih of ore zone. 



Fig 280. Obtaining Waste Fill from Hanging Wall, Argonaut Mine, Calif 


From this drift, at intervals of 80 ft, horiz diamond-drill holes are driven at right-angles to 
general strike, to determine the ore outline. Information thus gained permits careful 
planning of level development, which, as shown in Fig 290, comprises a main haulageway 


Return air raise 


.Hanging wau longitudinal drift 


Fowdci^ 
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Fig 290. General Plan of Level Development, Frood Mine, 
Sudbury, Ont 


in footwall, a series of longit drifts in ore, and connecting crosscuts about 485 ft apart. 
The longit (haulage) drifts are 44 ft apart to give proper chute spacing; their number 
depends on width of ore; they are driven 11 by 11 ft in cross-sec. timbered with 10 by 10-in 
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fir Bets, spaced 5.5-ft oentera. Before atoping starts, back of drift is raised to hdi|^t of 
16 ft and a second floor, or “gangway.” is timbered with square-sets having 10 by 10-in 
poets, 5 ft 10 in long. Chute pockets are built at gangway elevation; planking over drift 
sets provides footing for loaders. Stoping. Mining began below 2 000-level. Horiz 
cut-and-fill method (.4rt 62) was first tried. Stopes 45 ft wide were carried from foot to 



Fig 291. Diagrammatic Plan and Sec of Stoning Blocks, Frood Mine, Sudbury, Oat 


hanging wall, separated by 3.5-ft vert pillars. It was found that horiz cleavage planes and 
cross fractures m the orebody made the backs dangerous. Systematic s»ipport of backs 
by cribbed bulkheads joined together by lagged stringers, was tried but proved unsatis¬ 
factory; then the present square-set system was adopted. New levels are laid out in 
mmmg blocks. In general, each block consists of 10 S-set stopes and 9 S-set pillars 




( set mewre, 5.5 ft), see Fig 291. Larger pillars (“retum-air-raise pillars"), eadi 
^a^ding in width to a 5-scc stope and 2 S-set pillars, are left between the Wooks. 

e retimi-air raisM m these piilars are 7 by 17 ft cross-see. Stopino dstails. Distinc¬ 
tly feature of b rood raethor: is use of long girts in stopes. The standard square-set is 7 ft 

HLSn rightoanglee to pillar lines, or in 

^reo^ of stnke. Ixing ^rts give a post-spacing of 11 ft. or twice tiiat of standard sets. 
Pig 203 IB a plan and section of a S-sot stope, timbered with sets S from foot to ti»n|p T»g 
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tlireo^ the center of stope and flanked on both sides by long-cirt sets L, Bottom of 
■ill floor of stope is 7 ft above the rail in the haulage drifts. Cut starts by driving a 5 by 
7'ft crosscut at this elevation, along center line of stope, from a gangway and extending 
to both walls. Ore is breasted with light drifters, drilling 9 to 11-ft boles 2.5 ft apart. 
Broken ore is scraped with 10-hp, double-drum hoists, directly into cars in haulage drift. 
First cut, about 8 ft high, is timbered with 8-in jack-pine sots placed to correspond with 
haulage-drift timbering, posts being 5 ft 8 in long. Where chutes are to be located. 


10 by 10-in B C fir is used. 
Sets are kept within 10-15 ft 
of face, lagged booms protec¬ 
ting workers at face. During 
silling operations, a waste 
raise near hanging-wall end 
of stope is driven to connect 
with the hanging-wall drift 
on level above; raise contains 
a cribbed manway, serving 
later, for lowering supplies 
into stope, for a travclway, 
and for ventilation. Before 
first fill is introduced, bottom 
of first cut is floored with 
double layer of cedar plank, 2 
by 10 in by 10 ft, laid on 4 by 
10-in sills. iSets adjacent to 
pillars, on sill and all higher 
floors, are "gob-fenced” (lag¬ 
ged) before filling. Chutes 
are established in every fourth 
set, lengthwise of stope. 
Manways are carried up along 
one pillar line. Regular cycle 
of stoping operations com¬ 
mences as soon as sill floor is 
completed. Stope progresses 
upward by successive horiz 
slices 7 ft high as shown in 
Fig 293. Operating cycle is 
accomplished by dividing 
work mto 3 shifts, known as 
drilling, timbering, and nip¬ 
ping shifts. Drilling-shift 
crew comprises 1 stope boss, 
2 drillers, 1 timberman, 2 
shovelers, and 1 wasteman. 
Two miners drill and blast 
the 5-Kt breast in 1 shift and 
also do any necessary block- 
holing. Light drifters are 
used; drill steel is in sets of 
3-, 5-, and 7-ft lengths. From 
35 to 50 holes are required 
for a 5-set blast; usual spac¬ 
ing is 1.5 ft vert and 3 ft 
horiz; upper row is inclined 
15° upward. Explosive used 



is 40% gelatin; 2^2 to 3 


sticks are required per hole; stemming of clay cartridges is used. Timberman on 
drilling-shift does mis^tellaneous timber work. Timbering-shift crew consists of 4 men: 
timberman, helper, IJockholer, and sboveler. They re-blast any missed holes, stand 
and block new set, and, in general, put stope in shape for further drilling operations. 
On the nipping-shift a crew of 3 men, serving several stopes, deliver timber, steel, and 
other supplies to slopes in accordance with requisitions from shift bosses. Obe hakounq. 
"Wing-chutes" W, Fig 293, 1 set high, are built over ch\ite raises, a grizzly of 60-lb rails, 
spaced 141 '4 in, covers 5 sets on the shoveling floor at top of winged chute; for detail see 





10-204 


TIMBERED STORES 


Fig 294. This arrangement reduces shoveling to extent that bulk of broken ore is baned 
directly through grizslies. Fiujnq. Waste fill is spread in 16-cu ft end-dump cars on 
18-in sectionalised track; track sections, 11 ft long, are easily laid or dismantled by one 
man. Fill is usually kept within 3 sets of toe of broken-ore pile. Chut® cossTBUcmoH. 
Vert chutes are spaced at 22-ft centers; sets are of 10 by 10-in B C fir. Plank lining has 
been replaced by “bricking.’’ Timber blocks, 8 by 8 by 13 in, are placed so that butt 
ends project 3 in into chute opening, other ends resting against outer chute lagging. Elach 
row is staggered in relation to rows above and below, see Pig 295; all rows are wedged 
tightly against inside of posts, caps, and girts; whole lining becomes tightly wedged as tim¬ 
bers take weight and “bricks’* become water-soaked. Chutes nearest footwall are offset 



K* 294. - Wing-chute and Stom Grissly. 
Frood Mine, Sudbury, Ont 


Fig 295. Method of Offsetting Chutes, and Use 
of “Bricking” as Lining, Frood Mine, Ont 


toward footwall as shown at F , Fig 293, and H, Fig 295, to maintain efficient chute spacing. 
Hanging-wall chutes eventually become useless and are filled with waste on abandonment. 
PiijLab HiNiNO. The 3-set pillars are mined in two longitudinal slices, a l-set slice and a 
2 -aet slice, l-set slice is mined first, by overhand stoping; 2-set slice is mined overhand if 
ground pemuts, otherwise by underhand stoping. Chutes at 22-ft intervals in l-set slice 
serve for mining the remaining section. Manways in adjoining slope serve as manways, 
fill passes, and airways ior l-set block; 2 open sets carried in this block serve same pur¬ 
poses for 2-set block. 


b. Domed or Pyramid Slopes 

Work is so arranged that the general outline of the stope back is dome-shaped or pyra- 
oud al. They are commonly open stopes, and have been used in massive orebodies of both 
strong and weak ore under strong hanging walls. The arched back is partly self-supporting 
and reduces pressure on timbers. 
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Fic 296 ihowB thu method et CmnrsNNiAirEiTBaKA mine, Tintic, Utah, for mining an irregular 
chimney, 650, by 100 ft in oroaa-eeo, dipping 45°, and over 800 ft dMp. Walls were fairly strong 
limestone, but in many places ore could mined with a pick. Level interval was 100 ft vert, with 
raiseo between levels near one end of orebody. Seta were of 8 by S-in timber, with sills 2 sets long 
laid parallel to long dimension of orebody. Work on sill 
floor started at the raise, and when a square, 3 sets on a 
side, was completed, a Ist floor set was placed in the raise. 

Sin and 1st floor were then widened simultaneously; when 
the Ist floor was 3 sets square, the 2nd floor was begun, and 
so on. Crib bulkheads were necessary to keep slopes from 
caving (Art 51) (210). 

L. S. Cates describes simOar work at BiNaBA.M, Utah, in 
irregular replacement orebodies (211). Ore was in shoots, 

60-200 ft wide, 100-300 ft long, and in places 600 ft deep; 
dip, 0"-90°. Open pyramid stopee were used only where ore 
was solid and hanging wail firm. Space for only one set was 
excavated in advance of timbering; hence, sills were 1 set 
long. From a drift near middle of orebody, a row of lead 
sets (Art 46) was extended longit th. ough it. Sill floor was Fig 296. Domed Stope, Cross-seo 
opened from these sets to a width ot 4-5 sets, then a row of 

lead sbta was begun on Ist floor, directly over those on siU floor. Widening on any floor might 
begin 4-5 seta behind the lead set. Each floor was kept 2, or better 4 sets, wider than that above; 
extra width aided in keeping broken ore on the floors. 



c. Rill Stope 

This form is designed primarily for use with waste filling. The stope back on any floor 
ia 1 or more sets ahead of that on floor below; hence, general slope of stope face roughly 
parallels angle of repose of filling. The fill is distributed largely by gravity; planking is 
laid on the filling, and broken ore slides to chutes at the toe of fill. Except for the square- 
sets, the stope is same as a filled-rill or inclined cut-and-fill stope (Art 65). Examples: 

Butte, Mont. For ore occurrence and development, see Flat-back stopes above. 
Fig 298 f^ows an ideal longit sec of a timbered rill stope, opened up as in Fig 297. Data 
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Fig 297. Preliminary Development of a Timbered Rill Stope 


from H. L. Bicknell, W. B. Daly and others (534) in 1923, and checked in 1939 by oflicialg 
of Anaconda Copper Mining Co. 

Method ia used in veins over 10 ft wide, where back and walls will not stand in a filled- 
rill stope (Art 65). Level interval, 200 ft; drifts timbered with square-sets; at intervals 
of 11 sets, offsets 1 set wide by 3 sets long are made in footwall for raises and chutes. 
Dnfts are made 2 sets wide every 500 ft, for a distance of 10 sets, to provide space for 
switches. Alternate raises (stope raises. Fig 298), comprising a central manway with 
chute on each side, a‘.'e carried up in ore to within 30—40 ft of level above, whence they 
turn vertical to hole through at least 15 ft in the hanging wall on level above. As a raise 
passes the 1st floor, one set on each side is mined and timbered. After raises are up 
6 or 6 floors, the Ist floor is mined. All sets except those at chutes and manways are 
of round timber (Fig 337). Stopes 2 sets wide usual^ cover the width of vein. After 
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completion of 2nd floor, “center" chutes are built in the offaets half-way between the 
8 tox>e raises and cribbed to 2nd floor, and sides of the stope-raise sots are lagged. Fig 297 
shows right end of a slope in process of development to the form reached in left end. 
During development of the sloping slope faces, temporary slides convey ore to the 2nd floor; 
waste is sorted out and piled on the floors. When the rill face has been formed in boUi 
ends of a stoiie, bulkheads and chute gates (Fig 297) are built in the slope raises above 
7th floor, and slope is fllled with waste poured down the raises. This completes develop¬ 
ment. 2 by 10 or 12-in lagging is laid on top of the waste, so broken ore will slide to a 
griszly over center chute. The 3d floor (7 sets long) is then mined and timbered. There¬ 
after, mining and filling proceed alternately in each end of a slope. Start.ing at slope 
face in each case, 4 sets are mined successively on 4th, 5th, 6th, and 7th floors, then 
3 sets on 8th and 1 set on 9th floor. This completes a "cut’’; the raises are then lagged; 
that end of the slope in which this work has been done is filled, and the miners are trans¬ 
ferred to other end of slope, where the same oiierations are repeated. Fig 298 show's a 
slope after such a cut has been taken in each end. Mining proceeds until the top floors 



Fig 298. Timbered Rill Slopes after Development, as carried toward Upper Level 


are within 5 seta of the level above; then work is confined to the V until a level-pillar has 
been left, 5 sets thick and the full length of stoiie. This pillar is mined later, when drift 
above can be abandoned. Sorting is done at tihe grizzly, one of the center chutes being 
used for waste. 

Lake Shore mine, Kirkland Lake, Ont (96). Data from W. T. Robson and L. S. 
Weldon in 1936. Gold ore occurs in crushed and brccciated fault zones in complc.v series 
of syenitic intrusivea and in a porphyry 1k>ss. Aver grade of ore in 1934 was 0.667 oz Au 
per ton. Ore zone on property is about 2 800 ft long. Mining reached depth of 4 600 ft 
in 1936. Aver stoping width is l.'>-16 ft, but widths to 70 ft have been mined. General 
dip from surface to 4 500-level is 82“, with local dips as low as 45°. Shrinkage sloping, 
first employed, was discarded liecausc of excess dilution and ore left behind in local rolls 
or in parallel or branching leads; horiz and inclined cut-and-fill stopes wore also tried; 
bad ground eventually led to square-set, flat-back and rill stopes. Development is by 
2 vert shafts, with levels 200 ft apart to 2 200-levol and 125 ft apart Ijelow. Levels are 
developed by drifts in the veins. Squabe-set rii.l stopes. Drift is widened by slabbing 
to full width of ore for entire length of section to be mined. Back is taken down to height 
of 16-17 ft above rail. Sill floor is timbered .•«» in Fig 299; di.stinctive feature of sill 
timbering is use of double -.aps, with lougit stringers between them, which facilitate replace¬ 
ment of timbers broken by pressure and aid in holding the level open when stops below is 
being mined through; sill-floor timbering is designed to avoid breakage through pressure 
from walls. A centrally located, 3-compt raise (Fig 300) is driven to the level above. 
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timbereii with ■quar»4ets, 8 ft high and 5 ft 4 in o-c of posts; 10 by 10-in squared timber 
used for all members. Center compt of the raise is a manway; the outer ones are ofautn. 
A double-rill stope is started from the raise, and oarried to level above as a block 25 sets in 
length. Fill is introduced to each half of stope through the raise. A manway is carried 
at each end of the stope, next to stope chutes. On completing the first stoping Uock, 
successive single-rill sections, 12 sets long, are mined. The manway sets of the last 
completed section are used for convoying filling to the new section. Ground is broken by 
flat holes drilled by mounted drifters. A round consists of 12 6-ft holes, loaded with 



70% semi-gelatin dynamite. General practice ip to advance the rill 2, or even 3, cuts 
before filling. Entire final face of a group of cuts is drilled, but not blasted until fill is 
introduced, thus pennitting closer filling. Purchased sand is used for fill. Flooring over 
fill is spiked to caps, giring a slope of 56® to surface of fill. Crew of miner and helper do 
all work in a stope section; 20.11 tons are broken per machine-shift; powder consumption, 
0.725 lb per ton. 

Ground Hog mine. Vanadium, N M. Data from F. W. Richard (527) in 1^0. 
Ore, Pb-Cu-Zn, occurs in irregular lenses in a fault fissure intruded by diorite porphyry and 



Fig 300. Square-set Rill Stope, Lake Shore Mine, Kirkland Lake, Ont 

granodiorite dikes. As post-mineral faulting caustri fractuiing of oro and wall rocks, 
prompt support of ore and walls is necessary. Ore is usually massive sulphide; mill feed 
runs about 8% Pb, 3.5% Cu. 15% Zn, and 6.5 oz Ag per ton. Width of ore is 3-25 ft, 
normal to dip. Aver dip, about 60®. Development is by vert shaft in hanging wall, 
intersecting vein at .3W-level: inclined winze in vein from 400-level serves for mining 
below this horizon. Main levels are 100 ft apart vert; sub-levels half-way between main 
levels aid in distributing filling and make shorter lifts in raising. Stulled raises are 50 ft 
apart. Stoping. Rill slopes are iwed entirely. For ore widths less than 10 ft, filled 
rill slopes (Art 65) are used, with occasional timber support; for widths greater than 10 ft, 
square-set rills. Stoping blocks are 1(X) ft long, with a raise at each end and in the middle. 
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Stoinng starts by breasting to 
full width of ore on a main level. 
Iloor sills of 10 by 10>in timber 
run from wall to wsdl and are 
covered by double 2-in flooring. 
In ore over 10 ft 'wide, square- 
sets are placed on the sills. Sets. 
6 ft sq and 7 ft high, connst of 
8 by 8-in posts, and 6 by 8-in 
caps and girts. After mining 
first floor above sill, the middle 
raise is widened and timbered 
one set wide across the vw and 
up to level above. On secoiul 
floor, 3 lines of sets are taken out 
on each side of raise, from wail to 
wall; on third floor, 2 lines of 
sets; on fourth floor, 1 line. This 
forms a pyramid of unfilled sets. 
Waste is then run in, filling sets 
close to the back; after which 
flooring is laid on fill. Stoping 
continues on either side of raise 
as desired until toe of rill is 
within 10 ft of next raise; 2 sets 
nearest the raise are carried fiat 
to furnish shoveling and sorting 
platform. For method of stop¬ 
ing at the several stages, see Fig 
301. A few drill holes, blasted 
lightly, will make room for a set; 
drilling is with stopers or driftera. 
Stoping crew comprises miner, 
timberman, and helper. On basis 
of all men underground, 1.68 ton 
of ore per man-shift was pro¬ 
duced in first 3 mo of 1930; 
explosive for stoping, 0.63 lb per 
ton. 

d. Vertical-face Stope 

Fig 302 shows former practice 
in open stopes at Binoham, Utah 
(211). For ore occurrence, see 
Domed stopes, alx>ve. Stope 
faces were vertical where hang¬ 
ing wall was hea>'y, and the 
nature and extent of ore were 
not known. A row of lead sets 
A was first driven close to hang¬ 
ing wall, followed by row B. 
W’hen both were complete, stop¬ 
ing began at B, and sets C w-ere 
carried to hanging wall. Succes¬ 
sive vert slices were taken until 
the stope was worked out, or, if 
the weight became great, the 
stope was caved and a new one 
started alongside. Sills and caps 
were at right-angles to strike. 
Advantages (L. S. Cates): (a) 
“There is always a solid breast 
of ore on one side of stope, 
which relieves press on timbers. 
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(b) Should ttopes cave unexpectedly, only the ore on floors and in chutes is lost, for a new 
stope can. be opened by driving a row of seta on the sill floor, next to the caved stope, 
itTid carrying them up to the hanging as before.” 

This method in filled stopea is illustrated at Bunkxb Hiu, dc Suluvan mxnb, Idaho. 
Data here are retained from 1927 edn of Handbook. More recent data by U. E. Brown 
(212) in 1931 show no material change. Large irregular shoots of heavy galena ora, 
with little waste, occur in shattered quartaite; dip, about 40°. Stopes, 3(K>-700 ft long 




lUNal 


Fig 303. Vert-face Stope, Croas-eec 


and 40 ft wide, have been carried through lifts of 200 ft. Hanging wall and ore are heavy, 
and flat-back or stopped-face stopes expose areas of back too large for safety (214). 
Work begins on a level. Fig 303 (215); a vert slice, 3 or 4 sets wide, is carried up under 
hangin g wall and filled. The face is then advanced toward footwall by mining vert 
slices 1 or 2 sets wide. Waste filling and timbers are dropped through footwall raise C, 
and trammed to top floor through crosscut A, 1 set wide. Waste is distributed in stope 
by temporary slides, as shown. A new crosscut B is driven directly over A to servo the 
next floor; crosscuts for lower floors are not shown, each being abandoned as a new floor 



is opened. Pig 304 (S. A. Easton) is a plan of a narrower stope, worked up to 6th floor, 
showing the relation be.tween work on top and lower floors, and arrangement of tracks for 
handling filling. In some stopes, filling is dumped through a raise along hanging wall; 
but a footwall raise is preferable In heavy ground. Rock chutes to footwall drift (Fig 303) 
are 16-20 ft apart, cribbed or lagged chutes being carried up from them through the 
fillin g as stope advances. On abandoning the sill floo', a raise from footwall side of rock 
drift is made, a little steeper than the footwall, and branched at intervals to intersect the 
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ore at the upper floors. This raise serves as a chute when floors are advanced to footwall, 
and obvifltet ncccsnity for transfeiring ore on an intermediate floor. This method is safe 
and provides prompt 6ui'pi>rt for hanging wall. The sharp arch developed early in the 
stoping stage, and maintained until level above is reached, greatly increases strength of 
the ground. Most of the weight of ore is carried by footwall. See also Bib (676). 


e. Underhand Square-set Stopes 

Stope* of this typs are ujiusiial. Employed at Broxbn Hill Sooth mink, N S W, for mining 
rliain inllarH, 30 ft ilufk, under large filled stopes. .Mining in done in veiticul slicen, 1 set wide, 
from wall to wall; when 2 or 3 adjacent slices are complete, they are filled before more ground is 
opened. W ork starts froiu top of a winze, by an excavation for the set L (Fig 305). This under¬ 
mines nets in a cronse.at above, which are supported b.v a boom S. iSel L is erected and caught up 
with a boom fiom the winze set (Fig 3U0). The 6 by lu-m croaapieoe A supports the 2 cape and is 


FUled rtapi) 



Fig 305. Square-eetting for Underhand St ope 
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Fig 306 Details of Under¬ 
hand Square-setting 


itself supporteti hy boom li, whicti rests on C, its rear end lieiiig wedged under D, Dogs K tie 
posts f to caps ami girts, .^flcr set L is blocked, tlie ground beneath is excavated, another set is 
suspended by dogs arid process rcftcated until the filled slope below n- reached. The bottom set is 
then blocked and tionm H may be leinoved. II 5 repeating lliese operations a slice b ft wide (1 net) 
and 30 ft deep is carried acioss the level pillar. Iboken ore falls lo anil is handled on bottom floor of 
the underhand stopc. Mining in the slice alongside siarts froiii a lead set 45', at one end of the 
top winze set. Work iiiidtr old slope bottoms is tbfl'oult and sometimes requires spiling. It is 
found that timliers fail in slices over 00 ft long- f.ir greater widths of hwle the etiaii, pillars aie sliced 
in 2 sect oiis. Object of this method is to cxfiosc only small sccttoo.H of old slope floors at one time. 



Fig 307. Plan of .5th Floor 
of Underhand Sq-iare-set 
Stope, Briggs .\* 1.0 



HEEL END OF FRAME 
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Fig 303. Mode of Support for Underhand 
Square-seta, Briggs Mine 


It is stated that, though slices are narrow, the 30-ft depth gives capacity and considerable economy. 
For details, see Bib (217). 

Briggs mine, Bisliee, Arizona. Data from E. H. Dickson and G. J. Young in 1923 
(579). Ore was copper and iron sulphides, overlain by irregular masses of barren sandy 
pyrite or brecciated quartzite. Overhand square-set stoping proved unsatisfactory, *nH 
the Briggs underhand method was evolved. Ore was blocked out by crosscuts and ruses 
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into sectiona from 10 by 20 ft to 20 by 35 ft boria, aud extending to bright of ore or to 
level above. Square-eeta were 
6 by 6 ft by 7 ft 10 in high. 

The soctionB were mined in 
regular sequence around a 
central 2-compt raise (Fig 
307). The 3 sets cornering 
on the raise at top of the 
ore were first mined and 
timbered with regular squuie* 
sets; mining then started on 
the floor below. When a sot 
was undermined it was sup¬ 
ported by the 2 triangular 
frames F (Fig 308, 3051); by 
the 2 chains attached to dogs 
H, driven into the timbers 
and tightened by screwing up 
nuts N (I’ig 308); aud by 
light bent hangers K, tight* 
ened by wedges. These sup¬ 
ports transmuted the wt to 
the raise sets, or to sets that 
had been blocked into plnee; 
they were removed aiul reused 
after the sot had liet^n blocked. 

Stoping' on top aud aueces- 
sive floors progres.st'd down¬ 
ward (Fig 305*). <‘iifh floor 
being 1 set behind floor 
above: the ore fell to chute 
below. When a section wn.'i 
finished it was waste-filled 
through a raise to les'cl alxivo 
before the adjoining scotiou 
was mined. 

A modified mothfxl of 
underhand square-atUting, 
the JlatU-nve, used for min¬ 
ing small sections of sulphide 
adjoining worked-out 
filled square-set or cut-and-fi 

47. HANDLING ORE, WASTE, AND TIMBER 
IN SQUARE-SET STORES 

Ore is handled in flat-back stopes by shoveling directly to chutes, by transfer to 
chutes in barrows or cars, or by slides. Use of slides is desirable, but may lie impracticable 

if close filling is necessary 
or if careful sorting is im¬ 
portant. Close sparing of 
chutes tends to low han¬ 
dling cost, but saving may 
lie more than ofTset by 
added cost of tinibenng. 
A primary purpose of 
square-sot nil sloping is to 
reduce ure-handliiig cost. 
Scrapers aie sometimes 
used in square-set stupes; 
Fig 310 (189) shows one 
application, at Pork Utah 
mine. 

Floors are of 2 to 5-in plank, long enough to cover 1 or 2 sots; the shorter length is 
more oonvenieut; flooring is taken up and reused; 2-ia plank is too weak to stand heavy 



Fig 310. Use of Scraper in Square-set Slope, Park U tah 
Mine, Park City, Utah 
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Fig 30ti. Briggs Mc>tho<i of Vndciliand ,S<iuare-8etting 
1 stopes, was also developed liore (579), See also Art 57. 
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bluing, and should be doubled, or protected by round lagging, or 3 or 4-in pli^ should 
be used. Insecure seating of flooring on caps or girts often causes aooidentB in square- 
set stopes. Cleats, 2 by 2-in, nailed aloty; center-line of supporting members, r^uoe 
danger of flooring dipping out of place. Floor plank should be laid so that shoveling is 
with the grain; for bfurrow work, planks usually lie across caps. Over filling, tight floors 
prevent loss of fines, which may amount to 5% and become important with high-grade ore. 
Canvas may be used under flooring, but has a short life. At Goldfield, Nev, in high-grade 
ore, the shoveling floors were laid on 2 in of fine filling. On finishing a floor, the planks 
were taken up and swept. The fines below were skimmed off down to the caps and sent 
to chutes; this recovered all high-grade fines sifting through joints between planks (145). 

Chutes: (a) A cheap chute for filled stopes may be made by simply lagging the outside 
of a vert row of sets, but set timbers or lagging are apt to be broken by falling ore; such a 

chute is feasible only with soft ore. (b) 
The inside of a row of sets (usually iiie 
outside, also) is lined with vertical planks. 
This is common in both open and filled 
stopes. Thickness of lining (2 to 4 in) is 
proportioned to wear during life of chute. 
A double 2 or 3-in linuig may bo used to 
secure tight joints, (c) Cribs of round or 
square timber, built independently or just 
inside of the sets, which may or may not be 
lagged outside. Independent chutes are 
useful for carrying through stopes at an 
angle to the sets. Chutes inside of sets act 
as reinforcement and offer strong resist¬ 
ance to wear and pressure of filling, (d) A 
vertical row of sets is “bricked” with timber blocks. See Fig 295; also. Black Rock mine, 
Art 90. 

Wear on chute linings is decreased by offsetting to reduce vert drop. It is also lessened 
by keeping chutes nearly full. For chute gates, see Art 90. 

Grizzlies, of logs or square timbers or of rails set 8-14 in apart, are often placed over 
tops of chutes to keep out large lumps which might block chute or gate. They are 
especially important in this regard for single-compt chutes in filled stopes; they also 
reduce danger of men falling into chutes. 

Distance between chutes varies from 15 to 50 ft or more; it is closely related to cost 
and method of handling. Cheapest handling is furnished by slides or wing-chutes 
(Fig 311). In upper parts of stopes ore can be thus delivered to chutes 50 ft apart. In 
lower parts of stoims started with this chute interval, barrows are necessary. 

In filled stopes, the closer the filling to back of stope, the smaller the area served by a 
slide. At Leonard mine, Butte, in flat-back stopes, 50 by 25 ft in horis section, filling was 
kept 2 sets below the back; chute interval was 16 ft; about 50% of broken ore could be 
handled on slides (80). For economical handling, flat-back stopes usually require chutes 
closer together than those with inclined faces (see RiU stope. Art 46). Though barrows 
may be used with any chute interval, their handling cost is high, increasing rapidly with 
distance. It is best to use slides as much as possible, and to shovel remainder of ore to 
chutes. Shoveling distance should be kept down to 10 or 12 ft max, which requires chute 
intervals of 15 to 25 ft. 

Wing-chutes (slides) are sloping floors of 3 to 4-in plank, spiked to the sets. In 
Fig 311 the ore f^ls 1 set to sorting floor and thence is dropped or shoveled to the slides; 
filling can thus be kept 3 seta below the back. If sorting is unnecessary, both slides 
and filling may be moved 1 set higher. Slides may converge in 4 directions toward a 
chute, and many variations are possible; see Fig 294; their use does not entirely eliminate 
ahoveling. 

Pockets or bins for storage are sometimes used in open square-eet stopes. They are 
made by putting lining around from 1 to 5 sets, terminating at the bottom in a chute; 
they may extend through the whole height of stope. Pockets reduce shoveling distances, 
and may obviate necestity for wing-chutes. 

Access to open square-set stopes is by ladders from level below. In filled stopes, 
there may be a raise to level above, or chutes built to include 2 rows of sets, one of these 
compartments being a MANWs.r. In heavy ground, these are harder to keep open than 
single-compartment or “bhud” chutes, but the manway is not only a traveling way 
through filled sets, but facilitates repairs to the ore chute and clearing it when it clogs. 

Filling may be obtained in part from sorting, or from breaking waste or low-grade 
Inclusions in the orcbody; see also Fig 280, Argonaut mine. For running in filling from 
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outside sources, a raise to the level above is necessary. In flat>back stopes, filling is 
distributed by shovels, barrows, or cars, depending on size of stope and distance between 
waste raises; in rill stopes, distribution is largely or entirely by gravity. 

Timbers are handled most cheaply when lowered or dropped through a raise from 
level above; 1 compt of a waste raise may be used thus. Ijacking access to stope from 
above, timbers are hoisted from below by a windlass, or electric or air hoist. In filled 
stopes, TIMBEH CHUTES are sometimes kept open through the filling by lagging and lining a 
vertical row of sets next to a manway or oro-ehute; or a timber slide may be built in a 
corner of manway. 

48. DIMENSIONS OF SQUARE-SETS 

Horizontal dimensions. Table 38 sliows that practice fa^ ors sets about 5 by 5 ft in 
plan, with floors 7 to 8 ft apart. 

C. T. Rice states (80): (a) Posts should be far enough apart to give shoveling room; 
to allow for right and left-hand shovelers, they should be equidistant capwise and girt- 
wise. A clear space of 4.5 ft is about minimum for eflic shoveling; hence with 10-in 
timlwrs, posts sliould be at least 5 ft 4 in centers, (b) Strength of ore limits max size 
of set, as the ground must stand unsupported over area of 1 set while timbers are Iwing 
plae.ed. Heavy press from weak ore may lecpiire smaller seta (see e). (c) Sets should 

bo proportioned so that 1 round of holes breaks room for a new set, thus allowing prompt 
placing and blocking of sets, (d) Large sets are desirable in reducing amount of timber 
per ton of ore, but, m largo sets, tirnbci s are Jieavicr and cost more to handle, and a stopo 
start,ed with a large post interval may become unmanageable if the ground suddenly 
becomes heav’y- (c) Distance between posts and the area of stope floor arts related factors. 
By working stopes rapidly in small sections, the pressure on timbers is reduced, thus allow¬ 
ing use of larger sets and smaller timbers. (/) A noini)romi.sc between all the factors 
usually limits the max spacing of posts to fl.5 ft and minimum spacing to 5 ft. 

Probably the distance between jiost.s could often lie increased without overloading 
timbers. In close-filled stopes, where the weight comes onto timbers from aliove and is 
transmitted to posts through lagging and caps, a cumpaiison of relative strength and cost 
of sots of different size eon be made. 

Minimum height of sets ftir headroom is about 6.5 ft in the clear; in many mines, to 
allow for settlement, posts are cut tc, give a deal 7 ft. Length and crosa-8c*e of post must 
also be adjusted to with.stand pressures. 

At Bislx'e, Ariz, a reduction in pressure duo to rapid work in small stopes allowed use 
of 8 by 8 and 10 by 10-in {Mjsts, instead of 12 by 12-in, and also an inrrease in height from 
6 to 7.6 ft. In<*rea.siTig length of ijosts effects no saving in timber, unless the increase is 
sufficient to save one or more complete floors in a lift. Long oosts probably increase cost 
of plai’ing caps, girts, and blocking, enough to eounterhalanec the saving in timlxir. 

In 1914, the Ariz Copper Co lengthened posts from 6.5 to 9.5 ft; this increased the 
extraction per sc't from 179 to 250 cu ft of ore, and reduced tfital timbering cost IS*);.. 
Crusliing strength of 6.5-ft posts is so much greater than transvense stiengfh of cap and 
girt, that an increase in height of post does not materially reduce strength of sot. It is 
difficult to prevent long posts from swinging when pressure comes from the side (178). 

Size and strength of timber. As stated by ]•). D. Gardner and W. O. Vandenburg (189)» 
it is difficult, or impossible, to estimate accurately the strength required of scjiiarc-scts. 
Experience is the guide in seleetmg the kind and size of timber for given conditions. 
Where filling is used, requirements of strength arc usually temporary, because pressures 
are eventually taken up by the fill. Hence, many miyos use cheaper timber for square- 
sets than for use where more permanent strength is required, as in shafts or on main-level 
workings. Use of timber preservatives may lx* justified in the latter case, but not in the 
former. On the other hand, use of sciuare-sets in stopes tends to give a false sense of 
security, and strength reiiuirements should 1x5 judged accordingly; especially in blocky 
ground, where sets may be subjected to sudden and heavy shocks. Tight side and head 
blocking tends to reduce this danger. 

49. FRAMING SQUARE-SETS 

General. The two general types of framing are “post-butting” and “cap-butting.” 
In either, variations ir, framing are theoretically without limit. Fig 312-337 show how 
widcl.v practice has varied. Diversity of framing in early days was largely due to honest 
theorizing, but probably in p.ut chargeable to desire for originality. Lack of standard¬ 
ization today is probably due to tendency to follow custom. As far as possible, symmetry 
and simplicity in framing should be sought. 
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Post'bttttios vs «ai>-battiag sets. Early practice was about equally divided between 
these types. £. D. Gardner and W. O. Vanderburg (189) show that recent practice trends 
to more general use of cap-butting. Choice can not be based on theoretical grounds 
alone, because: (a) unit pressures in square-set stoiies generally exceed safe bearing 
values used for ordinary timber structures and hence there is considerable crushing of 
the joints; (fi) direction of pressure is rarely parallel to caps or to posts, and its exact 
amount is never known; (c) distribution of stress in different members of a set under 
eccentric loading can not be calculated, because joints are indeterminate and the members 
do not fit exactly. 

Strength of timber under compression across the grain is from 10 to 20% of its com¬ 
pressive strengt.h parallel to the grain. In framing post-butting sets, the area of the 
post tenons is made 12 to 44% of area of the joint; in cap-butting sets, the area of cap 
tenons is 10 to 66% of the area of the joint. Hence, under pressures within the limit of 
safe bearing values, square-set joints are strongest in the direction in which the tenons 
butt. For such conditions of loading, post-butting sets should be used where the direotion 
of max press is vert; cap-butting sets, where direction of max pres is lateral. Where pressures 
exceed safe bearing values, joints are compressed. In cap-butting sets, ends of posts boar 
entirely on wood in cross grain, and under vert press the rate of compression is equal over 
whole area of joint. In tiost-butting sets, under heavy vert press, the post tenons or 
HOBNB must fail before the crossgrain wood in caps and girts can aid in transmitting press 
to the post. As rate of compression is not the same in ail parts of a joint, settlement in a 
stope is often irregular. C. T. Rico cites evidence (218) to show that settlement is greater 
and more irregular in post-butting than in cap-butting sets, and that more auxiliary timbers 
are needed in the former to keep floors level. Hence, many engineers prefer cap-butting 
sets for heavy v’ert press, and practice is almost imifomi in using them for heavy lateral 
press also, though arguments like tlie aliovc indicate the suiMsriority of j>ost-butting sets. 
But, in hea^'y ground, filling follows mining closely and takes most of the lateral press; 
the smaller and more unifoi-m rate of vert settlement of cap-b\itting sets is a strong argu¬ 
ment for their umi in such ground. 

Square-sets may also fail by “jack-knifing”; posts swing out of line and a girt or 
cap may drop", allowing adjacent sets to collapse. Hence, wide wats for girts and caps 
are desirable in cap-butting sets. In post-butting sets, wide seats are obtainable only by 
reducing size of the post horn. Long horns of small cross-sec arc objectionable, as they 
break easily. W'ith timbers over 10 by 10 in, post-butting sets with adequate shoulders 
and horns are readily framed. Sometimes, to give a wider bearing for cither girt or cap, 
horns on posts are not of square section; they require a complicated framing machine. 
Girts are more apt to puJl away from their seats under light than under hca\'y press. 

Empirical rules proposed for framing details: (a) length of the post horn should bo 
loss than its least cross-sec dimension; (b) girts and caps should have a seat on the post 
not less than 2 in wide: a wider shoulder is desirable (218). Simpue kkaminu is best, 
especially for hand framing. Post-butting sets are generally simpler and cheaper to frame 
than cap-butting, hut the difference is small when framing machines are used. Compli¬ 
cated joints resist distortion better, because of the numerous shoulders, hut this advantage 
is doubtful, as cornens are points of weakness at which crushing liegins, and such joints 
are difficult to assemble if timbers have been even slightly crushed. Symmetrical 
FBAMiNO is best; costs less to place timbers when posts can be set cither end up; caps and 
girts should be so framed that either of two opposite faces may be placed upwards. 

Examples. Fig 312-319 show post-butting sets; Fig 320-327, cap-butting. Some of the mines 
mentioned arc no longer active. In Fig 313 the post is unsymmetrical, with a 6-in horn at top and 
4-iii at bottom; this secures a shallower mortise at top of set, which is easier to clean out and allows 
“flirting” the post (Art 52) if sets have swung out of line; long, slender home make flirting of posts 
difficult. .4nother way to reduce length of horns of post-butting sets is to cut them of equal length 
and short enough to leave a “squeeze-space” between them. In early days one theory was that a 
squeeze-space allowed a certain “give” when press came upon sets (189); the practice lias lost 
favor, because squeeze-spaces permitted excessive settlement. Set in Fig 314 is simple ard sym¬ 
metrical; post horns are short and strong; and dapped down on post, so that the horn takes only 
part of lateral thrust, b'lime examples show unframed girts, with narrow seat on post; bearing on 
poet should be broad en.iugh to avoid the dropping out of girts in case of general movement of sets; 
use of one unframed member of a set cheapens cost of framing, but, as sawed timbers vary in cross- 
sec, unframed ends must often be Oressed in the stopes. Instances of use of narrow girts are shown 
(as in Fig 321); practicable where girtwise press is slight, but narrow girts provide smaller support 
for floor plank. 

Combination aata contain both round and square timbers; they are planned to avoid 
the difficulties incident to framing sets entirely of round timber. 
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Fic 328 ia a mp-butting wt, with round tiosta and square caps and girts. It is well design^ 
full strength of post is obtained, all members are symmetrical and the sot is easily stood and r«n- 
foroed (162). A good shoveling floor may be laid either cap or girtwise. Fig 320 is a similar design, 
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but with posts butting; its wsak point is the slender upper horn of post, the bottom horn bang 
only 3-in; it affords go^ shoveling floors. Fig 330 is a cap-butting set, with round post and girt. 
The bottom poet horn is only 1.5 in long, on the theory that it is easier and quicker to stand a post 
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with a short hwn (819). It requirsa an unsymmetrioal cap horn, and the small round girt of this 
set precludes use of a floor laid girtwise. 

Koand-timber sets. Simplest joint is made by first squaring the ends of timbers for 
s sufficient length to avoid interference of their cylindrical surfaces at the joint, which is 
then framed as with square timber. This saves cost of squaring the whole log, an impor¬ 
tant item in hand work. Disadvantages; the joint utilizes a max of only 60% of cross-^ 
of the timber, and round timber weighs at least 40% more than square of equal joint 
strength. 


Fig 331, 332 show simple framings, open to the objections stated; also, they provide a poor seat 
for the bottom of the post. These sots can be framed in machines of the block type. 
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Fig 828. A'izona Copper Co, Morenci, Ariz 
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Fig 331. Sill-floor Setr Clark Mines, Butte, Mont 
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Bevel or miter framing (Fig 333-336) brings the entire area of members in contact at the Joint. 
In general, the sets are hard to stand and block, and the bevels facilitate dutortion under pressure 
if the sets once get out of line. Pusl, cap, and girt of a squa're-set must be hrmly blocked when the 
other members are missing. Many miter joints require blocking on top before they can be blocked 
sidewise, nr else simultaneous blocking in 2 direction.s. Either case increases expense and difficulty 
of placing. Fig 33.3 has a simple miter joint, to permit hand^framing of stunted, twisted timber; 
caps and girts are identical (209). Fig 334 is a hand-framed set, for heavy vert pressure: a 1-in 
squeeze-space is left between the post tenons, giving a eushioniiig cITeet said to prevent caps from 
splitting (221). It may be blocked in any direction, with some of the raeiiibers missing. Fig 336 
is a set designed by D. W. Drunton, in which end of post is beveled. It requires top blocking, to 
prevent riding of eap and girt, before it can be blocked sidewise. The square and lievel joint (Fig 
336) is the best bevel framing for cap-butting round-timber sets. It is easily blocked, and the cap 
is the only member expensive to frame (222). 

The best framing for round timbeia i.s the step-down set (Fig 337). It i.s made possi¬ 
ble by using the cutter-head saw, and costs little if any more than simpler types cut with 
block framers. Pull strength of timbers is utilized, tho square shoulders resist distortion 
and make for easy blocking, and ends of posts and caps are alike. A girt more than 10 in 
diam is seldom used (219). In general, better joints are obtained, in round-timber sets. 
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if posts and caps are approx of equal diam. Upper aide of largo caps is slabbed off, to 
give a flat surface fur flouring if laid capwise and to avoid interference with flooring laid 
girtwisr. 

Round vs square timber for square-sets. Round timber is cheaper, has lower freight 
rates, and is stronger per sq in, because the outer fibers arc uncut, but round timber is 
harder to handle and aline than square; caps must be slabbed to receive flooring, though 
cost of slabbing may be offset by value of slabs, if used for lagging. Reinforcement of 
round-timber sets is difficult and expensive. Sound fallen timber, and some trees of poor 
grade, or too small to go to the sawmill, often furnish adequate square-set timbers at 
reduced cost (219). SgiiaBE timber is liest for sills. In some round-timber stopes, square 
timber is used for the levels, manways, and chutes, to cheapen work of reinforcement. 



Fig 333. Chillagoc Mines, Queensland 



Fig 334. Chisholm DLtrict, Minn 




Fig 335. Brunton Bevel Set, Butte, Mont 



Fig 337. Step*down Framing, Anaconda, Butte. Mont 


Square timter is preferred for chute-seta; it provides a flat face for spiking lining, and 
lasts longer in heavy ground than slabbed round timber. 

P. B. Scotland states that round timber is stronKer either with or across grain than square t<mber 
of same croaa-sec and material. There are no data showing comparative strength of round and, 
square timber of equal ihim (i e, 10 in diam and 10 in square). A few transverse tests on 5-tt 
pieces of Texas pine at Mo^enci, Ari*, showed equal strength for pieces 8 in square and 8 it, diam, 
but round timber deflected more ana gave more warning of failure than square under same load. 
A safe estimate is that round tim! or between 6 and 16 in diam is as strong in both compression and 
bending as square timber 1 in «maller on the aide. Notiobservance of this relation in substituting 
round for square timber destr lys the savins, effected by cheaper cost of the round. 

Among 49 metal mines listed by Gardner and Vanderburg (189) in 193.3, as employing the 
•quare-set system, 11 used round timber for all 3 members, and 10 others used round poeta, with 
round girt or cap in 6 cases. 
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60. TIMBERING ON SILL FLOOR AND WAILS, 
SQXJARE-SET STORES 

Sni-jBoor timbering (not always usod) should be designed to give adequate foundation 
for the timbers above. Provision should be made for settlemeut, for reinforcing around 
traveling ways, for clearance between timbers at turnouts, and for supporting the timber¬ 
ing when the stope below breaks through. To meet these requirements practice varies 
with type of orebody, character of ore and walls, kind and site of slope, and speed of work. 

SiUs. Fig 338 shows a complete system, consisting of long sills (stringersl, mortised at intervals 
to receive post tenons, and braced apart by sill-ties (girts, spreaders, or short sills). Long sills are 
also called l-post, 2-po8t sills, etc, depending on number of posts they support. Hills are braced to 
ttope walls by short pieces (butt-sills) cut to fit from sill-ties. .Toints between long sills are usually 
made under posts, with butt or halved joints. For simpler framing, see Fig 339. Ijeugth of long 



Fig 33S. SiU-floor Titnbeiing Fig 3,39. Sill Timbering, Homestske Mina 


sills depends on the ground; some ores will not stand unsupported over more than 1 set, thus 
requiring 1-poet sills. In strong ground, convenience in handling determines max length, which 
usually covers 2 or 3 sets. Size of sills is from 5 by 10-in to 12 by 12-in or larger, depeii^ng on 


size of poets. 

Long sills, firmly braced, are good in open stofies, where the floor is in ore. Sills extending over 
2 or 3 sets will bridge a considerable ofieiiing, when the floor is subeequently mined, and are easily 
picked up on posts from stope tiiiiboririg below. Flaming for sill-ties (Fig 338) prevents them from 
dropping out when this work is going on. Wedging is relied upon to hold simpler framing (Fig 339). 
Sills distribute pressure and 


reduce settlement on a soft 
floor. In open slopes, sills 
are covered with plank or 
poles for shoveling, in filled 
stopes, a floor prewnts runs 
of iilling into stoiH) below. 
Attempts have liccn made to 
set sills in line with corre- 
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sponding sills on level above, j^dap > t S^dap 2''dap . . ssf 

but it is unnecessary, as stope -. V . - - - \ t-V—— 
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should be adjusted so that 

sills will not rot before stope 10% 10*3-Post Sill 

from below breaks through. rv o./, . -t f u £>•« t.- u a ■ 

See Bib (224) for replace- of.Stope Sille, Biebee, Ana 

ment of rotted sills. Simple 

forms of sill often suffice. A 3-post sill of 5 by 10 timber is common for 10 by 10 posts, which have 
flat bottoms and are braced eapwise by 2-in plank spiked on top of sills; light sprags braoe the poet 
and sill giriwiae. 

Ezamiiles. BissaB, Aris (practice in 1039, contributed by H. M. Igivender). Timbering 
of sill-floor sets depends on nature of the ground. If floor is waste, flat-bottom poets are usual, 
resting on small blocks w<th 4 by fl-in spreaders between the po^ts. If floor is ore, to be mined from 
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below, general practice is to use regular cape and girts; 2-, 3-, or 4-post caps, and poets supported 
on special “ etope ” or “ mud ” sills, of 10 by 10-in or 4 by 10-in timber, dapped 2 in deep to take 
the post's &4n square horn. Ijengtfa of sills is for 2, 3, or 4 posts, and ,5- or 6-ft sets; Fig 340 shows 
rills for 2- and S-poat, 5-ft sets. In very soft ground, even though the floor is waste, regular cape and 
girta are used with the epeoizJ Bills, zm they afford better foundation for the gets above. OonsriKUS, 
Kev. Sill-floor poets (10 by 10-in) have a flat bottom and stand on 8 by 10 sills; 2-in spreaders arc 
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Striked to sills between postsi but there lire no braces between sills. Lateral bracing for feet of posts 
is furnished by a floor of 2 layers of 2-in plank spiked to top of sills (145). Butts, Mont. Amalga¬ 
mated Copper Co often omits silk (80). Flat-bottom poets stand directly on slope floor, or on foot- 
bloeka; 4 by 10 spreaders braoe feet of posts oapwise, 2-in braces, girtwise. This practice is largely 
due to time required to level off rough points on slope floor, for placing sills properly. In some 
camps, sills are bedded on a layer of muck for quicker placing and because the mu(^ protects them 
when the floor is mined from below. Floor is sheathed with poles or old plank laid across the 
spreaders. Filling is well compacted by the time the slope comes up from below, and this type 
of sill floor is picked up as readily as if sills were used. Sills are omitted tmder round-timber posts 
also, though the latter are then difficult to aline. G. D. Moulthrop (219) states that, with round 
timbers, sills are often of 2-in plank, set to grade with a carpenter's level and alined by plumb-bobs 
from centers of caps already in place. 8vdbury, Ont. (Data from H. J. Mutx, in 1938.) Inter¬ 
national Nickel Co does not put framed sills under first-floor posts in Frood mine (Art 46). Where 
4 by lO-in sills have been used under posts, they have been so badly squeescd as to offer no 



Fig 341. Sill Flooring, Frood Mine, Sudbury, Ont 

support during mining of underlying ore. Present practice (Fig 341) is to stand square-bottomed 
posts on solid ore, lay 4 by 10-in sills between rows of posts, and cover these with 2 layers (ri 2-in 
plank. There is no difficulty upon coming up under sill floors thtia prepared. 

Sill-floor posts are often longer than standard stope posts if tramming ways are to be 
maintained within the sets (Fig 317-319 and 337). Posts should be long enough to afford 
enough headroom if settlement occurs, and to permit repair or reinforcement of timbers. 
Posts along tramming ways may be of greater cross-sec, or of stronger timber than stops 
posts. Generally, regular still-floor posts are used, and reinforced by added posts or 
doubling-up sets (Art 51). Such reinforcement is good insurance if there is possibility of 
excessive weight as slope progresses upward. 

Drift sets with battered posts are sometimes used for sill floors in narrow or moderately 
wide veins, with heavy lateral press, as shown in Fig 342 (219). Posts are selected timbers, 
14 to 23-in diam. The large batter (1: 4) gives strength against side pressure and post- 
poiies repairs. False caps, placed over the set caps, receive sheeting on which the filling 
rests; space between sheeting and caps aids in repairing or replacing timbers. 

At Leonard mine, Butte (Fig 343) (80), drifts. 1 set wide and sunk 1 set below stope 
floor, have been used. This simple plan reduces pressure on the level timbers, unless in 
very weak ore. Such stopes are somewhat harder to take up from below than those with 
flat floor. The level is called the sill floor, and the floor on which the slope is opened, the 
bedrock floor; sills are omitted on both. Sill-floor posts are ? ft 11 in long and from 12-in 
diam up. Bedrock and stope posts are 7 ft 5 in long, 12 and lO-in diam, respectively. 
See also Argonaut mine. Fig 289. 
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Tonumto from main drifts into crosscuts require si>ecial timberingt to avoid short* 
radius track curves and for clearance between car and posts. At such points a double 




Fig 342. Sill-floor Timbering, Steward Mine 


length cap (and sill) is used, with a flat-end post under its center. Later a truss set 
(Fig 356) may be built over the long cap and the post removed. At Bingham, Utah, an 



Fig 343. Leonard Mine; 
Vert Crosa-seo through 
Btope 



Fig 344. Arch Set at Turn¬ 
out, Bingham, Utah 



arch set (Fig 344), built on the sill floor, was used for reinforcing long caps (226). Its 
applicability depends on height and width of sets and size of car. Special timbering for 
turnouts is avoided by using turntables; most engineers prefer timbering. 

Timbering on walls. Standard sets are often impossible 
in mining along irregular walls of dipping orebodies. 
Square-sets must have firm support on the footwall and 
follow the hanging closely enough to allow proper blocking of 
timbers. 
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(Fig 345). Uie of th« bearing block a, and depth of hitch depend on chapter of ground. 
Cap-«iu< (butt-fsap or butt-brace) is used on flat dips or soft rock, to tie the foot of the post 
to stope timbers and distribute pressure from the post over a larger area than that of the 
ground post. Shobt SEi's are conunqn on hanging-wall side. IB^ig 346 shows a form used 
by L. S. Cates at Bingham, Utah (211). Cap a is not framed into post h, but is cq;>iked to 
it and supported by a piece of 2 by 8-in lagging c, spiked to b. Lateral motion of the cap 
is prevent^ by a brace of 2 pieces of 2 by 8 lagging, spiked in place and reaching to next 
set. In soft ground, a good but rather costly l>caring for sets is secured by cutting into 
the walls far enough to allow use of full-size sets at points whore the dip requires an off¬ 
set in the floors. Angle bets (Fig 347;, or half-angle bets (Fig 348), are for following 
the hanging wall and supporting lagging. Angle braces and sets may also be used to 
support sets on footwall (/», Fig 345). Details of wall timl)ering are varied locally. In 
oi)en stopes, lagging may be used on either wall over areas of shelly ground. In close- 
filled slopes, area of walla exposed at one time is small, and lagging is rarely necessary. 
In block systems (Art 46) walls of blocks which vill be exposed when adjacent block is 
mined are often lagged as the stope goes up, to prevent runs of filling; such lagging is often 
called " fencing.” 

51. REINFORCING SQUARE-SETS 


Complete reinforcement was secured in the original Dcidesheimei system by wall- 
plates and angle-braces (Fig 349). iSome very largo open stoi>e8 were thus made in soft ore. 

But no system of timbering will sup¬ 
port heavy rock pressures for any 
length of time. Wall-plates and 
complete angle-bracing have been 
discarded because of their cost; also, 
bra(‘ing interferes with traveling 
ways and chutes. 

Modern practice in heavy ground 
regard-s the timbers as leniiiorary 
supports, final support lieing fur¬ 
nished by Ailing, kept within 2 or 3 
sets of the back. The need for 
costly Tcinforccmeiit is further re¬ 
duced by rapid woiking in stopes of 
small area. Fivoti with thc»8e pre- 
» T> • » . t-, • I I • o * cautions, timbers fail or swing out of 

line and require reinforcement. Rein¬ 
forcing timbers are common on sill floors, where hanlag<*ways must be kept open under 
heavy press from filling in stopo above (Art .*50). Reinforcement is used also in open 
square-set stopes in amounts varying widely with local condition-s. When such stopes are 
in strong ground, the sets serve merely to .support slabs, and as staging for miners and 
broken ore; in that case, no rcinforccmi'iit may lie needed. 

Angle-braces or diagonal braces (Fig 350), cither roiiiid or stjuare, have no tenons; 
thin wedges may be used to tighten them, but a driving fit is lictter. 
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Theoretically, the brace should be at riglit-angics to hanging wall; prsctically, this is impossible. 
Angle-braciw applied to sets tending to awing out of line arc effective only in cases of incipient dis¬ 
tortion and light pressures If used in the upper sets of open or filled slopes, they may cause caps 
or girts to “ ride ” off the posts when tlie seta above are unblocked by mining operations. I'enons 
on posts at the ends of an angle-brace must be strong. When timbers or joints begin to fail, modi¬ 
fied braces may be used, as the N-fr.ine brace (Fig 351) or the N-frame set (Fig 352), The X-frame, 
or diamond brace (Fig 353) is uiioommon. Aiigle-braces are also used to take weight off a post 
showing signs of failure (5, Fig 356); this is good for reinforcing drift poets on sill floors, as it does 
not decrease cross-sec of travrUng way. The same bracing, with post 6 omitted, is placed over long 
caps at turnouts, or, with the post a omitted, it will take the weight of stope filling off center post 
of a haulage way. Seta thus braced ore tbuss-skts: their use on the Ist floor to relieve sill-floor 
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timbering is uneommon, m it involves keeping Ist-floor sets open. Truss-sets also support slope 
floors, where a poet is removed to allow an angling ohute to pass. 

Reinforcing posts, stnlls, or helpers (Fig 364) are convenient for picking up failing 
ends of caps and girts; they are round or square; sise, from a 2-in plank to a post. 

Doobling-up sets (false sets) are 3 or 4-piece reinforcing sets, like the N-brace (Fig 361) 
and N-frame (Fig 362), with angle braces omitted. The timbers are usually of same sise 
as set timbers, but joints are not framed. They may be used to stop distortion, instead 
of angle-braces; like the latter, they are inadeqi ate for heavy pressure or bad cases of 
swinging. 

Cribs and bulkheads, next to rock Ailing, afford strongest reinforcement. Cribs, 
of round or square timber, are built between the posts of sets (Fig 355). They 
may be of timbers only, or filled with rock. Bulkheads, of criss-crossed timbers, skin to 
skin, are stronger than open cribs, but cost more. When used in open stopes to arrest 




neiNroRciNO post crib TRUSB-arr 

Fig 3S4 Fig 355 Fig 356 

swinging or crushing, or to prevent runs of filling, the bulkheads or cribs eictend from 
wall to wall and from floor to back. In close-filled stopes, trouble from swinging sets may 
be stopped by building one or more cribs 4 sets square, on top of the filled sets and rarely 
more than 2 or 3 sets high. Each layer of the crib is of 6 pieces equal in length to 2 sets. 
At Centennial-Eureka mine, Utah, continuous cribs, 1 set wide, were built at intervals of 
6 to 10 sets to support a domed stope (Art 46), about 100 ft wddo by 350 ft long; they 
were of 8 by S timber and required about 1 300 bd ft per set. 


52. MISCELLANEOUS DETAILS OF SQnABE>SETS 

Fire protection. Some disastrous mine fires have started in square-set stopes. Care¬ 
less use of open lights and discarding of cigarette ends are common causes of fire; some 
mines prohibit smoking entirely or place limitations. Use of elec miners' lamps reduces 
the hasard. Clean, orderly stopes are safer from fire than disorderly ones. Filling reduces 
danger of fire spreading through square-set areas; but fire sometimes travels along hues 
of posts, caps, or girts even though surrounded by fill. Frood mine (Art 46) provides 
fire breaks by removing entire lines of girts concurrently with filling. Ability to control 
ventilation is essential feature for fire-control in any timbered mine. 

Crowning floors. Trouble from sottlinK of timbers is not serious in low or narrow stopes. nor 
where the dip is such that sets are repeatedly offset along the footwall. In high, wide, vert etopes, 
timbers settle considerably, and faster in middle of slope than along walls. These troubles increase 
with height of lift. Small mov'ements are often met by 8i>ecia.l poot-s, 1 or 2 in longer than regular 
stope posts and kept in readiness. At Morenci, Ariz, with block-system sloping, the sill floor of each 
block was arched or crowned to compensate settlement. Length of posts increased gradually 
towards middle of stope, where the posts were 2 in longer than those on the walls. Crowning was 
repeated in one of the upper floors as soon as the arch effect was lost. 

Flirting posts. When sets arc slightly distorted, a now post ^ay sometimes be properly placed 
by cutting off part of the bottom horn, or cutting out the corresponding mortise; this is known as 
flirting posts. It is usually done more readily in cap-butting than in post-butting sets, because 
poets of the former have short horns (Art 49). 

Blocking, if carefully done, materially reduces swinging of sets. It is also intended to crush 
under the initial creep of walls or back, thereby saving the main timbers. Sets should be blocked 
at joints, to avoid bending strains in timbeis. If a long block (sprag) is neces.sary to reach a wall, 
it should have a headboard, so that the press will come onto the timbers through wood in cross grain. 
Good blocking is especiallj' necessary over the posts at back of stope, as it alone holds the timbers 
when the side blocking is removed to make mom for new sets, f^ts on the floor alongside of an 
advancing face tend to " ride ’’ toward the face, because the side blocking is blasted out on each 
roun<L lading of sets is sometimes prevented by standing the posts with a slight pitch away from 
face: subsequent sloping tends to straighten them. 

Recovery of oquoto-aot timber is rarely attempted. Whore feasible, it points to the possibility 
of mining by some system requiring less timber. In Naw loaiA mine. Cal (Art 46), timbers are 
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uauaUy raoovcred from lufillad a<]uar»««t stopM after nuoinc i» completed. At Fbooo mine (Art 46) 
long girts are recovered after filling each floor: primary purpose here is reduction of fire basard, but 

saving in timber also resutts. At Cano mot & AuieoNA mine, 
Aris, some timber was formerly recovered from stdbce in flat 
orebodies, mined in small sections. Reoovwy took place during 
the filling period, which was delayed until a section was oom> 
pleted. Each section was carried up as a flat-back stope 4 seta 
wide, and of height and length of the orebody. When finished, 
6 -in stulls, unframed and held by wedges, were placed diagonally 
between the middle points of caps or girts on 1st and 2nd and 
2nd and 3rd floors (a and i>. Fig 357). The corner sets of a floor 
required 2 stulls, each being set off center to avoid interference. 
Under their support, eill-floor timbers were removed from 3 rows 
of sets, X, Y, and Z. A girt was first taken out, by sawing it in 
two; remaining pieces were pried out with a bar or by using a 
drill column as a jack. Then sets V were lagged, filling was poured 
in through chutes c and d, stulls a were knocked out and replaced 
between 3rd and 4th floor timbers, and the process repest*ed. 
Some stulls were left in, if pressure were heavy. Top-floor 
timbers were removed under protection of vert posts set between 
the filling and back, and filling was packed under the roof by 

hand. A vert row of sets V was left 
on side of stope, to furnish a point of 
attack for adjacent block and a place 
to store recovered timbers, which were 
reused several times. Caps were run 
across stope, ns 3 cross members were 
recovered for 2 longitudinal ones. 
Haulsgeways, sometimes run as blind 
levels from a raise, were required on 
top and bottom floors. This method 
was found applicaiile in irregular 
orebodies. 



HORIZ SEC A B 



Fig 357. Beoovering Timber from Square-set Stope 


63. DATA ON SQUARE- 
SETS 

To find total timber required 

in any stope, consider all sets as 
corner sets (1 post, 1 cap, 1 girt) 
and add po.<!ts, caps, and girts 
required along 1 wall and 1 end of 
the stope. Since amounts of tim¬ 
ber used per ton vary with the 
specific gravity of the ore, figures 
per cu ft are better for making 
comparisons. Timlier for floors, 
chutes, lagging, sill-floor sots, rein¬ 
forcement, etc, is not included in Table 38; the amounts for these vary with size and 
form of stope. M. J. Elsing (21.3) estimates amount of timlior for a set as stated 
in Table 37; posts 7 ft 2 in long, spaced 5 ft c-c both ways; aver number of pieces per 
set over a whole stope, 1.2 posts, 

1.1 caps, 1.1 girts; size of posts Table 37. Bd ft for a 6 by 5 by 7.17-ft Square-set 
and cape as stated; girts, 5 by 8 
and 6 by 12 in; flooring used re¬ 
peatedly. Elsing also records 
that square-set stopcs in Coppeb 
Queen mine, in 1907, produced 
666 600 tons of ore, required 
31 400 sets, and consumed 8 960- 
000 cu ft of timber and 476 000 
pcs of 5-ft lagging; or, >85 bd ft 
of timber and 16 bd ft of la^ng 
per set yielding 18 tons of ore. 

Examplea following show wide variation, and indicate necessity for making liberal 
allowanpes in estimating total timber requirements. Moa£.NCi, Aria. Approx total 
consumption was 13 bd ft per ton; a comer set,*without reinforcement, took 8 bd ft per 
ton (178). At Cananea, Mex, a comer set requires about 8.4 bd ft per ton; total stope 
timber is 27 to 31 bd ft per ton. At RoesLANn, B C, about 100 bd ft of lumber was required 


Size pusts and caps 

8 " by 8" 

10 " by 10" 

12 " 1 

1 2 pewts. 

SI 

80 

1 

1.1 caps. 

27 

42 


1.1 girts. 

19 

21 


Stope lagging. 

18 

18 


Chute lining. 

10 

10 


Blocking. 

7 

II 


Flooring (aver over its life) 

2 

2 


Misc, wedges, breakage . .. 

9 

II 


Total bd ft. 

M3 

195 

2 


59 
30 
18 
10 
If 
2 
13 
263 
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per round-timbea- set for chutes, floors, ladders, and railings; aver diam of members. 16 in; 
a comer set contained 280 bd ft (209). Buttk, Mont. W. B. Daly, in 1939, states that 
the amount of auxiuabt timber in a square-set stops depends on number of sets and 
width of stope. Where chutes and manways are 25 ft apart, general figures for the bd ft 
required for sets 5.33 ft square are: top lagging (3-in) for 1 sot, 86; chute, 1 floor high 
(2-in lagging, 277; 3 by 10-in lumber, 84; 2 by 6-in lumber, 12), 400; manway, 1 floor 
high, 2-in lagging, 224; timber shde, 1 floor high, 53; total, 736 bd ft. 

Table 38. Amounts of Timber Used in Square-sets 


Fig 

No 

Name of mine or set 

Dimensions, c to c 

Cu ft 
of ore 
per set 

Bd ft 
per set ♦ 

Bdft 
per ou ft 
of ore 

Height 

Capwise 

Girt wise 

ft 

in 

ft 

in 

ft 

in 

312 

Copper Queen. 

7 

10 

5 

0 

5 

0 

195.8 

141.7 

0.723 

315 

Vulcan, Mich. 


0 

7 

5 

7 

0 

415.3 

257,0 

0.618 


Broken Hill, NSW. 

u 

2 

6 

0 

5 

0 

185.0 

137.5 

0.743 


Savage, Nev. 

7 

2 

4 

9 

4 

9 

161.7 

184.0 

1.138 

317 

Canauea, Mex. 

7 

4 

5 


5 

3 

202 0 

133.6 

0.661 

318 


7 

3 

5 


5 

e 

233.0 

149.3 

0.641 

319 

Hoineetake, S Dak. 

8 

3 

6 


6 

0 

296.9 

238.5 

0.804 

320 

Anaconda, Mont. 

7 

6 

5 


5 

0 

187.5 

137.5 

0.773 

321 

Anaconda, Mont. 

7 

6 

5 



Bl 

187.5 

122.5 

0.653 

322 

Leonard, Mont. 

7 

8 

5 

■1 


Bl 

217.6 

185.3 

0.815 

324 

Eureka, Nev. 

7 


5 

8 

5 

Bl 

198 3 

196.0 

0.990 


Bingham, Utah. 

7 

4 

5 

0 

5 

Bl 

183.3 

113 3 

0.619 

326 

Portland, Colo. 

7 

mi 

5 

Bl 

4 

II 

172.0 

85 3 

0.496 

327 

Ksperanza, Mex. 

8 

■1 

5 

■1 

5 

0 

200.0 

90.7 

0.453 

316 

Goldfield Consol, Nev. 

7 

8 

5 

0 

5 

0 

191.7 

83 6 

0.436 

325 

Leadviiie, Colo.. 

7 

^■9 

6 

10 

5 

10 

279.0 

157.2 

0.563 

328 

Morenci, Ariz. 

7 

2 

5 

mi 

5 

0 

179.1 

84.91 

0.474t 

329 

Cceur d'Alene, Ida. 

8 

0 

5 

■1 

5 

4 

213.3 

104.2t 

0 4891 


Steward, Mont. 

7 


5 

2 

4 

10 

174 8 

93. 51 

0 5351 

332 

Gagnon, Mont. 

8 

3 

5 

0 

5 

0 

206.2 

89.31 

0.433t 

334 

Chisholm Dist, Minn. 

8 

1 

7 

4 

7 

4 

434.0 

124.9t 

0.288t 

335 

Brunton Bevel. 

8 

3 

5 


5 

10 


172.8t 

0.6l6t 

336 

Square and Bevel. 

8 

3 

5 


5 

10 


200.6t 

0 715t 

337 

Step-down. 

7 

9 

5 

4 

5 

4 

220.4 

132.Of 

0 5991 


* Those fiKures are for a rurner set (1 post, 1 cap, and 1 girt), t Bd B in round timber is com¬ 
puted by QT'ABTEK-oiKTH Bi'LB; Urea of cross-sec — 1.97 X square of radius, which givea cross-seo 
of largest square timber ttiat can be sawed from a given log. 


Data on framing. At Ro8si.aki>, B C, in 1903, round timbers averaging Ifl-in diam were 
framed by hand. Aver work for 1 carpenter per 9 hr was 21 posts, or 21 girts, or 16 caps. Cost per 
set waa about 55^ (wages, $3.50). Cost of same set, machine-framed, not over 30^ (209). At 
Homsstakii mink, Dak, in 1903, some 12 by 12 timliera were framed by hand at 60^ to 65^ for a 
cap, girt, and post (wages, $3). Poats cost about 2^ more than caps or girts. Costs indicate that 
1 man framed 13 or 14 posts, or 14 to 16 caps or girts, per day (104). At Sudhukt, Ont, in 1038 
(data from H. J. Mutz), 2 men with a single-end framer could make 170 posts, or 200 caps, or 300 
girts in 8 hr. IV'ith a double-end framci, 3 men could frame 310 posts, or 500 girts, or 420 caps; while 
framing caps, 2 extra men were required for axe trimming. 


Table 39. Machine Framing, Square-sets (IbeAc Mine, Leadyilie, 190S) 


Single-end, block- 
type machine, 
Denver Eng Wks 

Poets 

10 by lO-in, 
6 ft long 

Caps 

10 by lO-in, 
6 ft long 

Drift poets 
10 by lO-in, 
6.5 ft long 

Drift caps 
10 by 12-iq, 
4 ft long 

Sills, 

6 by 8-in, 
6ft long 

liaise cribbing, 
4 by 8-iD, 

6 ft long 

Wedges 

No pieces framed.. 

■m 

20 

BUI 


48 


16 800 

Total hr. 


2 



2.5 


28.75 

Cost per piece, *!.. 

1 1 93 i 

3 35 


WBm 

1 69 

■BSH 

0.05 


In a 166-hr run by above machine, delays wore 0.75 hr. According to P. B. Scotland, 
a Denver Eng Wks double-end, block-tyjic framer, used by Ariz Cojiper Co, run by 2 men, 
framed 160 round posts in 8 hr. Square caps and girts (Fig 328) were cut in a single-end 
framer; 2 men made 600 girts or 3(10 naps in 8 hr. 

Erecting sets. P. B. Scotland stated, «H>ncerning mines of Ariz Copper Co, that 
aver duty of 2 men in placing and lagging stops sets was 2 to 3 sets per 8 hr. B. H. Dunshee 
stated from Butte, that, if a stope were ready to be timbered, 2 miners would place 4 posts, 
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2 caps, and 2 girts, Uock down and cover the top with lagtpng in about 1 hr. Ordinarily 
thin work took 2 hr or more, as loose ground often had to be picked down or poorly fitting 
timbers adjusted. In Fbood mink, Sudbury, Ont (data from H. J. Mutz, in 1938), 2 men 
can stand a square-set (1 post, 1 cap, 1 girt) in 1 hr. In a standard stope (Art 46), where 
usual blasting makes space for 5 sets per shift, remainder of 8-hr timbering shift is spent 
in scaling, extending booms, blocking and lagging the back, and laying floor for the 5 sets. 

Miscellaneous. Mining on sill floor costs 2 to 3 times as much as on upper floors, even 
for contract work. Breaking is by flat holes, the face is not undercut, and shoveling is on 
a rough rock floor. At Leonard mine. Butte, a standard crew consists of 2 machine men 
(stope-drills), 3 or 4 shovelers, 1 man on iiliing, and timbermen and blockers who look 
after several stopes. This crew carries up a 2S by 50-ft stope, 100 ft in 4 or 5 months, 
or in 1 year to a height of 200 ft, extra time being required in the 2nd 1(K> ft for repairing 
and reinforcing timbers and for crowning floors (80). 

64. APPLICABILITY AND LIMITATIONS OF SQUARE-SETS 

In early days, square-setting was almost standard for underground mining of large ore- 
bodies in the U S. Later, increasing cost of timber, and introduction of shrinkage, Ailing, 
and caving systems narrowed its field of use. Squaro-set stoping is a comparatively high- 
cost method and therefore best applicable to high-grade ores. It i.s used where ground 
conditions require closely spaced support of ore or walls, as in soft ground, or in harder 
ground which .sloughs or slabs; and as an adjunct to methods for recovering pillars. 

Open stopes. Kxperienre shows that open sets do not afford permanent support for 
weak ground; timbers rot, or more often crush under prc.ssurc caused by the extension of 
sloped areas. This is serious, as the caving of large stopes may set up a slow crushing 
action (" creep ”), which extimds into adjacent uamiiicd block.s and renders their extrac¬ 
tion difBcult and costly. The field for open square-sets is in orobodies too wide for stulLs, 
and where the ground is strong, but requires prompt support to prevent slabs falling from 
back and walls. Those conditions preclude luse of shrinkage stoping; +he alternative is a 
filling method, the choice Ixiing governed by relative advantages of these systems, as stated 
below and in Art 06, and by their relative costs. 

Filled stopes. C'Onditions jointly justifying complete filling for square-sets are. 
(a) necessity for permanent support of the surface or of ovei lying ground containing other 
orebodiea; (6) weak ore requiring complete and immediate support of slope backs. 

If subsidence can be allowed, some caving method is often cheaper than and preferable to 
square-setting: but caving methods are limited to certain types of orebody (Art 82). If temporary 
cribs and stulls will support the stope back, straight filling is usually better than square-setting. 
Choice is further governed by the advantages and disadvantages outlined below; see Art 46 for 
advantages of diflerent forms of square-set stope. 

At auziliaiy to other methods, squaro-aots have a wide field of use (Art 68). 

Advantages of square-setting, not covered above; (a) reliability; properly applied, 
it is dependable for mining almost any kind of ground; (h) safety, since the area of ground 
open at any time may be adjusted to its strength; (r) flexibility; stopes can be expanded 
or contracted at will, irregular stringers followed into walls at any iioint, dikes or waste 
inclusionB left unmined, and prospecting drifts driven from any flour; (d) good facilities 
for sorting in slopes; important where ore must bo separated from waste, sulphide from 
oxide ore, or smelting from concentrating ore; (c) good facilities for handling ore and sup¬ 
porting men in the stopes; (/) good ventilation; (£) wails alongside of old stopes can be 
mined if desired. 

Disadvantages of square-setting, not covered above; (a) high cost, due to use of 
much framed timber of good grade; (b) danger of fire, which has occurred in nearly all 
largo districts where the method is used. Fire risk is greater in open than in filled stopes 
(see Fire prevention, Art 52). 

Summary. Notwithstanding its cost, square-setting is necessary and useful for 
certain types of orebod}*, and as an adjunct to other mining systems. Following practice 
tends to reduce costs C B. Scotland): (a) use round timbers instead of square; (b) use 
second-class and smaller dmbers where possible, instead of one size for all kinds of ground; 
(e) purchase logs partly seasoned, aver say 550 bd ft per ton; (d) accept mixed shipments, 
t e, ship as cut; (e) install slabbing saws and use slabs for lagging; (/) install mechanical 
devices for handling timtiers on surface and underground; (g) frame at the lumber camp, 
thus reducing freight charges; (h) discard sills in all but soft, wet ground; (i) recognise 
the fact that accurate aiinement of timbers is unnecessary, especially where filling closely 
follows mining. 
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66. MITCHELL SLICING SYSTEM (220,228,680) 


This modification of square-setting was apparently first employed in mining soft 
hematite at Queen mine, Negaunee, Mich (136). It was further developed, in form 
described below, at Calumet & Arisona mine, Bisbee, Aria, for mining flat, bedded bodies 
of heavy sulphide ore in limestone. Hanging wall was well defined and easily supported; 
orebodies contained little waste and rarely exceeded 50 or 60 ft thickness. Ordinary 
square-sets failed under the weight of soft, heavy ore. Mitchell system has also been 
successful at Magma mine, Superior, Aria, in a steeply dipping sulphide vein, averaging 
20-30 ft wide. 

General plan is to mine by square-setting along the sides of a small block of ore; top 
of pillar thus formed is then mined, and hanging wall timbered. Under this protection, 
the rest of the pillar is sliced downward by underhand stoping. 


Development. A main 
drift was driven, preferably 
along one wall of deposit; 
from it eromeuts (e, e. Fig 
358),called slice-leads, were 
driven to oppoeite wall on 
20-ft oenters and timbered 
with sill-floor aquare-eets. 

A vert square-setted raise 
to level above, over first 
2 seta of each slice-lead, 
served as a timber and 
manway, and later as a 
waste chute. On sill floor 
a small manway a gave 
access to manway side of 
raise on first floor. Small 
excavations, E, on sill-flour 
plan, were shot out at top 
of alternate sill-floor sets 
in slice-leads, and a chute 
built in each; these outs 
were kept small and on 
same side of adjacent cross¬ 
cuts, otherwise they weak¬ 
ened base of the pillar be¬ 
tween 2 slice-leads. Cars 
could not always be run 
into slice-leads; if not, the 
first set alone served as a 
chute for loading cars in 
main drift. Two adjacent 
slice-leads were next carried 
to hanging wall, as flat- 
back square-set stopes, 1 
set wide, called lead-stopcs; 
broken ore formed its own 
slides to chutes; Jittlemuck- 
ing was necessary. This 
preliminary work cut out a 

pillar 16 ft wide; ordinary pillar lengths were 25 to 50 ft; greater lengths were mined as separate 
sections. Max vert height for safe mining was about 60 ft; heights of 100 ft were mined in two 
iiO-ft sections, the upper one first (220). 



SECTION A-A 


SECTION B-B 


a Mauway 
b Main Chute 
C Auxiliary Chutes 
d Stringer In position 
djStringer being swung In position 

Fig 35S. Mitchell Slicing System 


e Temporary Spreader 
f Diamond Brace 
g Segment Set 
h Temporary Bjrate 
i Grizzly 


Slicing began from the end set on top floor of a lead-stope, by drifting acrosa the pillar 
to the corresponding set in opposite stope, directly under the hanging wall. Ore ran out 
by gravity through an inclined drift from each lead-stope to center of pillar; successive 
drifts were run until the whole top of the pillar was cut off. 

Stringers (d. Fig 358) were placed under hanging wall as soon as there was room, with enough 
lagging and blocking to eecure back of stope and timbers. A cut must be made in a lead-etope cap 
or girt at one end of stringer, for swinging its tenon into place (H, Fig 360). Topmost stringens were 
supported temporarily by stulls resting on the pillar. When enough ore was broken to allow placing 
etringers between next lower run of square-sets, stulls were replaced by 3-piece segment sets gg, 
al 10 by 10 timber (sec AA, Fig 358), This bracsd the seta in lead-stopcs and transmitted to them 
preeeure from hanging. Rest of pillar was stoped underhand in successive slices. Most of broken 
ore wee thrown into lead-stopes and chutes, little mucking being necessary until Ist floor was reached. 
wiieing wss Continued to 1st floor, leaving sill floor to be mined from below. A plank floor was then 
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laid on top of bottom gtringera «, the inside of the equare-eets in both lead-etopes was covered with 
2-in iaaginR and the etope was tilled with waste through the raises to the level above. This left lead- 
etopes open and ready for attacking adjacent blocks. 

Campbell mine, Phelps Dodge Corp. Data on 1939 practice from H. M. Lavender. 
Mitchell slicing system at Bisbee, Ariz, is practically limited to the Junction, Campbell, 
and Cole mines, for recovering ore left in pillars between cut-and-fill or square-set stopes. 
It is confined to mining ores that are fairly dry, stand reasonably well, are uniform in 
composition (contain little waste that must lx; sorted out), are free from very heavy top 
or lateral press, and do not require heavy blasting. Special development work is usually 
unnecessary; ore is extracted through same drifts and crosscuts used for adjacent stopes 
worked previously, and hli is introduced through existing drifts and crosscuts on level 
above. The pillars in one area in Campbell mine, the original sections of which have been 
mined by inclined cut-and-fill methods (Art 05), exeeiit a small part that was square- 
setted, are now Ix'iiig mined by Mitchell slicing. Following description, see Fig 369, 
covers operations in that area. 

Orebody is roughly circular in section, alx>ut 200 ft diam, and has been extensively 
worked to a height slightly more than 1(K) ft. It was cut by drifts and crosscuts on the 
haulage level into blocks approx 50 by 70 ft, in roughly checkerboard fashion. The ore- 
body, not uniform in strength and hardness, varied from a hard siliceous ore and siliceous 
massive sulphide to sugary pyrite and broken material alongside a weak porphyry wall. 

The pillars being mined are usually 15-24 ft wide by 18-36 ft long; bounded on 3 or 4 
sides by filled slopes, above by a firm hanging wall or filled slopes, and below by ore in 
place. Existing lines or “ panels ” of square-sets, along the long dimension of pillar and 
extending from Ixittom to lop vertically, are used for extraction when possible. Square- 
sets are of 10 by 10-in timlx*r, 8.5 ft high, with posts 0 ft c-n. In a few cases timbers were 
8 by 8-in. In wider pillars, the old panels aie laggt'd off. filled with waste, and new panels 
arc sot beside them. After the panels have been provided, 10 by 10-in grizzlies are installed 
on top floor. Alternate sets in the panel, bot h horiz and vert, are floored over (p. Fig 359), 
and act as ore passes. One set r at corner of the panel may be lagged off and left for a 
manway or to start a new section. 

Actual mining is started on top floor, and the entire section is cut off to the hanging 
wall or to bottom of section above, if that section has been mined out. Where the hanging 
wall is not flat, one side of the stoix; may be earned higher than the other, and the top 
stringers are put in, blo<;ked, and lagged. After top floor ha.s been cut off, stringers a, 
8 by 10 in or 8 by 8 in, arc placed across the stupe so that each corner of each exposed set 
in the panels is well braced. Framed stringers are used when they will fit the sets; otlier- 
wise, their ends are left square and held m place by planks scabSisd to jxists and caps. 
When enough ground has b<;eii removed, corresponding 10 by 10-in stringers are then 
installed on floor next Vielow. Top floor is then lagged and the buck secured by blocking 
if this has not already been done. Segment sots t (.3-pioce “ doubling sets " framed in the 
slope as in Fig 359, 360) are then installed to transmit the top press from middle portion 
of the stringers more or loss directly to the slope walks. 

Mining is continued by underhand slicing; the grizzlies arc moved downward as 
required. Temporary braces, made by notching 6-ft pieces of 2 by 12-iu lagging, are 
placed between the stringers near blasts, or whcie stringers are bowing slightly, as at h, 
h’ig 359. Bottom of slope is sloixid toward the panels to minimize mucking, and, as 
shown, would also lx; sloped toward the manway, to give better support to the weaker 
end of the section next to the old filled slope. As mining descends, the solid end of the 
slope is lagged off vert outside of the end sots to protect men working below. It may be 
necessary to place angle braces c at either or both ends, to withstand the thrust of the 
adjoining filled slope or of ore in place. It is customary also to lag every third or fourth 
floor, as at/, for safety of men working below. If the slope should suddenly take weight, 
the entire slope may be waste-filled above the lagged floor, after which, mining is resumed 
with new segment sets. These operations continue down to first floor above the sill. 
Stringers, covered with lagging, are placed there, and waste-fill is introduced, at center of 
top floor, if possible, rather than from one end or corner. The panels are also filled with 
waste, unless they ate to be used again. Most of the stringers and mueJh flooring are 
salvaged as the stope is filled. The ground below the bottom stringers is left to be mma/t 
from below. In some cases the “quare-set below the segment set must be reinforced by a 
diagonal brace {d in Fig 359). If the wall is ore in place, instead of waste fill as shown, 
this diagonal may pass over the top of cap below, and rest in a hitch cut for it in the solid, 
which takes the weight independentb of the lower square-set. Should a stope be shut 
down after being partially cut, it is important that the lowest stringers in place are not 
resting on the solid, as slight movement of the sets at either end will bend or break tham 
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Fic 361. Mitchell Slicing applied to Mining of Vert Pillare, United Verde Ext Mine, Jerome, Aria 
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Aj>vamtaobs of the esyetem, in Keneral, are a saving in labof and timber as compared 'with 
equareHsets. Spedal advantages are: obvious safety, raikdity of mining, and large ton¬ 
nage p«r man-shift. The square-set panels at the side of a stope may be prepared in 
advance of actual mining ne^s. Direct btOpinq oostb, covering 000 tons from this 
area: labor, 44^; explosives, 13^; timber, 35{^; total 89^ per ton. Output per man-shift, 
14.44 tons. Wages for miners, $5.48, for muckers, $4.^. Comparisons between cost of 
m i n in g by Mitchell slicing system and by square-setting are apt to be misleading, due to 
differing conditions under which the methods are used. However, recent direct cos’ts of 
mining 17 000 tons by square-setting in the Bisbeemines were: labor, 65fi; explosives, 12f^; 
timber, 38fi: total, $1.15 per ton. Output per man-shift, 9.87 tons. 

ffnited Verde Ext mine, Jerome, AHs. Mitchell system, os formerly applied to mining of vert 
pillars, was described by JR. L. D'Arcy in 1030 (90). Orcbody, now exhausted, was a large lens of 
high-grade copper sulpbido ore; max length, 500 ft; max width, 300 ft. Level interval, generally 
100 ft. Principal method of mining was a block system of square-selling, in which vert pillars, 
usually 6 sets wide, were left temporarily over main extraction drifts. These pillars were later found 
to be badly broken by movement, and so had to be mined in small .sections. Fig 361 shows general 
plan. A small square-set section (2 sets wide and 3 sets long in Fig 361) was carried up to level 
above, the 2 end sets li, next to unmined ore, serving as chute and manway. Sets C are open sets 
of the adjacent previou8l.v mined square-«et section. On completing a section, one of the outer 
eectione alongeide was removed by Mitchell elicing. Hecuiiec of the broken nature of the pillar, 
the ore could frequently be barred down into the chute, without need of drilling or explosives. 
A series of 10 by 10-in stringers, braced as requiiod, were placed between the square-sets and the 
old pillar fencing as mining progressed downward. The section was hlled after completing mining, 
and the section on opposite side of the square-set slope was then mined and similarly tilled. 'J'here- 
after all sets in the section were filled, except the chute and manway on tlie ndvaacing side, these 
being kept open for access and introduction of fill to the next 3 sections (2, 3, and 4 in Fig 361). 


66. MISCELLANEOUS TIMBERING SYSTEMS 


Moore system (232) is a modification of square-setting, employed at one time in Tuno- 
pab Belmont mine, Nev, wherein the posts were replaced by diagonals In the vert plane 




Fig 363. Moore System at Tonopah Belmont Mine 


of the caps. This formed a series of triangular frames, placed parallel to direction of max 


pressure and braced apart by girts 
at the joints (Fig 363). In Fig 362, 
a force applied at M resolves into 
components along linos AC and 
AB. Sets were designed on the 
principle that if a member mn 
fails, the force acting through it is 
taken by diagonals mq and mp\ a 
corresponding failure in ordinary 
square-sets might cause collapse 
of several sets. 

F. S. Bradshaw furnished Fig 363 
to 366, showing details. Sets were 8 ft 
high, 7.6 ft capwise, atid 3 ft 11 in girt- 
wise. Diagonals were inclined 



JOINT A JOINT B 


(theoretical angle should bs the dip of Fig 364. Details of Joints, Moore System 
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h^ng inf w«ll. but is uot praotioal; u auitable for moat caam). Fig 363 ahom fruaing of tri* 
angular seta and their junotion with ordinary aquare^ta. Fig 364 ahowa joints A and B, Fig 363. 
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' Fig 366. Detsila of Tirabem, Moore System 
be changed to fit, or in strong ground ends of caps might be set in hitches. 


wavun# make joints stronger in one 
direction than another. Drift 
sets were formed by substi¬ 
tuting 10 by 10 vert posts 
for 2 diagonals on sill floor. 
Along vertical end faces of 
Btopes a half-cap was put in 
on alternate floors, supported 
at wall end by a 4 by 10 
upright. On inclined walls, 
the angle of diagonals could 



Table 40. Comparison of 

Corner Sets 




Dimensions of set, center 

Bd ft per 
oiirncr 

Cu ft ore 

Bd ft per 

1% timber 
aeroes 


to center 

set 

per set 

cu ft 

lode 

Moore (cap, girt, 2 diags).. 

7 ft 6 in by 5 ft II in by 8 ft 

169.5 

355 

0 48 

79 

Square-eet *. 

7 ft 6 in by 5 ft 11 in by 8 ft 

161 1 

355 

0 45 

78 

Square-eet t. 

5 ft 4 in by 5 ft 4 in by 7 ft 10 in 

137 7 

222 1 

0 62 

n 


* Corresponding to Moore set. f Ordinary set, 10 by 10 post and cap, 8 by 10 girt. 


Under direct vert or horis pressure, the strength of a Moore set (of 8 by 10 and 6 by 10 timbers) 
is about the same as that of a square-set of same dimensions with 10 by 10 cap and post and 8 by 10 
girt. Under oblique stress, it is stronger, due to the triangular panels, but, to utilise this strength, 
joints must be held from swinging girtwise. Moore set has no advantage over square-sets of equal 
sise, in either timber consumption or amount of limber placed in cross-frames; but the timber in 
cross-frames is better placed to resist distortion. Advantages claimed: (a) greater strength than 
square-sets for same amount of timber; (b) lighter timbers to handle; (c) on account of greater 
atrength, filling is not required in some slopes, or where required it need not be kept so close to face; 
(d) flexibility, since the angles of diagonals can be varied; (r) drift set construction is very strong; 
if) chutes can be run diagonally or vertically; in latter case, one dimension of chute is limited to 
about 3 ft in sets of the sise shown. 

Moore sets were used with some success at Tonopah Belmont mine, for dip of vein between 45” 
and 75”, and width of 15 ft or more. They were not well adapted to stopee where there was lateral 
movement of one vein wall with respect to the other, as they were not readily reinforced with angle 
braces. They were not adapted to running ground requiring close timbering, but rather to ground 
which would stand over full width of slope, 1 set long; hence, it was necessary to change from tri¬ 
angular to square-sets about 2 sets before reaching a level above. Cost of framing was slightly 
greater than for square-sets. Caps were framed" in a single-end machine, after being cut to length 
by a swing crosscut saw, with same number of operations os .square-set caps; bevel cuts were made 
by band. Posts were framed by a swing saw, with one less operation than for square-set posts. 
Girts required same framing as for square-sets. With skilled men, cost of erection per ton of ore 
was no greater than for square-sets. 

Zaclined square-sets. A modified square-set, with posts at right angles to hanging wall, was 
formerly used at Calumet & Heola mine, Mich, on dips of 35° 
to 40”. Object was to avoid obhque strains on timbering. 

The system was complicated and was abandoned in favor 
of stulto (Art 39) (20). 

LMuing stope-sets (Fig 366) are sometimes used 
in narrow veins with soft walls affording no support 
for ataills. At Argonaut mine. Cal, they have been 
used instead of square-eots in stopcs less than 16 ft 
wide (230). Advantage claimed was that posts could 
be set diroctly above oach other. Dip of vein was 
such that square-sets could not be placed with posts 
superposed in the short time that the ground will 
hold. BtuU timbering without posts would not hold; 
walls swelled and often reqttired lagging. Round tim¬ 
ber was used; posts were 6 ft long, and 4 ft apart along 
strilce; joints between posts and stulls were braced 
longitudinally by uufrsmed qn-ags. Stope timbering started from 2 stringers, one on ea ch 



Fig 366. Leaning Stope-eet, Cal 
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wa&, blocked up from drift-eet below, end separated by lagged atulis carrying filling. 
Swell (A walla tightened timbers, so that they supported filling even when drift sets were 
destroyed by mining the chain pillar from stope 
below. 

Stringer sets (formerly used in Ontario mine, 

Utah, in wide parts of a steep vein) consist of a 
horis cap (sTBlNuaR), from wall to wall, carried by 
posts 6 ft apart. Caps are braced by girts oppo¬ 
site posts. No framing was done, 60-d spikes being 
used at joints. Max length of stringer, 16 ft; for 
wider stopes, 2 stringers were butted, with a post 
under the joint. These sets suited the solid quarts- 
ite walls at Ontario mine, but gave trouble when 
tried in weaker ground elsewhere. They require 
nearly as much timber as square-sets, and as much 
labor, when latter are framed by machine. 

Similar timbering, called stiu-l sets, is used 
in the Cosur d'Alene district, li;abo. Fig 367 
shows practice at MnnHiNG ming (331). Wail 
rock swells, causing side pressure great enough to 
broom out the ends of 21-in red hr caps, which 
are therefore protected by soft-wood blocking. 

At Hsola niine (data from C. 11. Foreman in 1930), 
caps of Stull sets are at 5-ft horis and 0-ft vert 
intervals (223). Max length of cap that can be 
bandied is 16 ft; sometimes 2, rarely 3, caps, placed 
end-to-end, are neoessery to span stope. Head 
blocks are about 12 in thick, of 3-in by 5-ft boards 
of random width. For mode of recovering a caved 
stope at this mine, see Art 57 ■ 


67. RECOVERY OF CAVED STOPES 

General. Caving of stopes may be caused 
by: (o) attempting to mine blocks of too 
large an area; (h) failure to block sets prop¬ 
erly, or reinforce them prior to blasting; 
(c) failure to keep fill close enough to back; (d) 
destruction of timber by fire; (e) abandonment 
of stope for a considerable time. After a cave, 
special timbering may be needed to reclaim 
the caved ore and so to control the stope that 
regular methods may be resumed. 

Usual method of attack is to start at one 
aide and, if possible, on top of the cave, 
placing supports under the solid back before 
removing the caved ground. Unnecessary 
breaking or shaking of the back should be 
avoided. Selection of mode of recovery de¬ 
pends on: (a) dimensions of stope; (b) normal 
method of mining; (c) manner in which the 



Fig 367. Stop 


PLAN 
Timbering, Morning 


COM 

Mine, Idaho 

back is caved and amount of arching that has occurred (see Subsidence, Art 112-116). 
Examples follow of practice in recovering squore-sdt and stull-set stopes. 


Butte, Mont. H. L. Bicknell in 1922 (634) gives method in wide square-set stopes. Where 
baek over cave is approx horis, underhand square-eetting as in Art 46 (Fig 305, 306) is started from 
nearest open set on the floor just below the cave, but using 2 booms instead of one. Ifooms 10 by 10 
or 12 in by 9.5 ft are placed below the cape and between the posts of the open set, and extended into 
caved area (Fig 368). The booms are eupported by 2 posts under the lead cap, with 4-in blocks 
between booms and caps. Next to the 4-in blocks on forwaid end of the boom ie laid 4 by lO-in 
lagging L, to support the 2 girts. Caps and girtsAre then placed and held in position by croes lacing 
to the sets already in. The back above the set is then steadied by sprags, blocking or cribbing. 
Enough oaved ground is removed co repeat the operation in next set below, and posts between the 
2 sets are placed and fastened to the existing sets. The sets are thus carried down the face of the 
cave to the standing seta below. Successive vert rows of sets alongside the first are then similarly 
worked down, until the entire face has advanced 1 set into the cave. This work continues until 
whole stope is recovsred. The same general method is used iu narrow square-set stopes. 











SECTION 


Figaro 


LONGITUDINAL SECTION 

» R**®^?"*!* • C»''ed Stope Timbered by 
Stull Sete, Heel* Mine, Idaho (681) ^ 


*“*?*• ‘I’Alene. Idaho. Data from Q. T. Rice m 1918 (581). Stull aete are ueed 

for auniog (Art 66). Caved etopee are recovered aa shown in Fig 870 and 371. Work is started 
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from bichMt atondioc timber; 4 atringen A (Fig 371) 16 ft long, aUbbed top and bottom, an laid 
parallel to the walla, one end being aupported by the atanding atope timber, the other by the caved 
ouateriai, Stringera A-l (Fig 370) are blocked up 6-18 in higher than the outaide atringera A. 
aiiree paira of atuHa B are placed at 5-ft centera and 6 ft from iaat atanding atulL The raiaed 
atringera A-l make each piur of atuUa form a Bat aaddleback (Art 38, Pig 229), Head-blocking of 
8-in plank ia uaed in each wall (Fig 370) and temporarily wedged. Poets P are then stood in O.S-in 
dape cut into the atnlls, A seoond aeries of etulls 5 is placed, blocked and braced girt wise to prevent 
swinging. Other stall seta are placed above, until the timbers are high enough to permit building a 
cribbed bulkhead between them and the back, after which the whole structure is tightened evenly 
with wedges. In the case in Fig 371, the remaining 15 ft of open atope was similarly timbo'ed, 
atarting from atanding timbers F, F. The back was than picked down, ore drawn, atope filled with 
waste, and mining resumed (581). 


68. PRESERVATIVE TREATMENT OF MINE TIMBER 


General. Data from Bib (585, 586, 587, 588). Preaervative treatment, by method 
most common at mines, adds .ibout 30% to initial cost of timber; hence should be con¬ 
fined to that timber, estimated at 15-20% of all consumed, which is desired to outlast the 
normal life of untreated timber; latter may be as short as 1 yr; aver, 2-4 yr, rarely reach¬ 
ing 5-10 yr. Properly treated mine timber may l>e expected to resist decay for at least 
16 yr; in a Penn anthracite mine, gangway posts treated with ZnClj by open-tank method 
m 1906 were still sound and retained ample margin of protection in 1931, whereas adjacent 
untreated posts had all failed within 4 yr. Knowing the life of untreated timber under 
given conditions, and costs (in place) of timber treated and untreated, and estimating life 
required of treated timber, the respective annual charges (excluding cost of replacements, 
but providing for amortization of first cost) can be compared by applying the formula: 

Pr(l + r)" 

A = n ' —1 ’ where A = annual charge; P => initial cost, in place; r »» interest 

rate, expressed as decimal; 7 i * life, in years. Chief be.nbfitb of treatment: ( 1 ) saving 
replacements, each of which usually costs 50-100% more than initial eroction; some 
timber, as sill flooring and fencing in filled stopes of a block system (Art 40) can not be 
replaced and its failure causes trouble w'hcti mining adjoining blocks or piUuis; (2) permits 
use of smaller timbers for a given load, since safety factor need make no allowance for loss 


of strength by decay (treatment itself has no effect on strength of timber) ; (3) a cheap, 
local wood of suitable strength, but prone to rot, may be substitutc'd (after treatment) for 
more expensiv'e timlier; ( 4 ) where the mining method permits salvaging timber for re-use, 
resistance to rot is an obvious advantage. Timuers most advantahboi;81,t treated: 


(1) framed sets in shafts and haulageways required to stay open, say, 4 yr or more; 

(2) stringers supporting chute bottoms; (3) chutes and pockets, especially in dead ends; 
(4) cribbing in all permanent manways; (5) fence posts and lagging in filled slopes of block 
systems; (6) sills and flooring on sill floors in filled stopes above blocks uf ore to 
be recovered later; (7) shaft guides (especially subject to rot at joints and bolt holes). 

Cause and prevention of decay. Fungi causing decay grow inside of wood; visible 
parts are fruits, discharging spores w'hich may be carried by air currents if not transmitted 
to adjoining timbers by direct contact. Growth ia possible Ijctween about 40® and 100® F, 
is most vigorous at 70°-90° F, and is promoted by moisture; continuously dry or com¬ 
pletely wet timber is immune; a post with one end in water is very susceptible. Wood 
can be sterilized by heat alone, at 150® F, but retention of a chemical antiseptic to depth 
of 0.6-2 in is required to prevent re-infection and tlfe growth of fungi. Among numerous 
compounds and mixtures, ZnClj has proved best adapted for treatment of mine timbers, its 
only drawback being possible leaching out of the wood in very wet places; usually tliis 
objection is slight. Minimum amount of ZnCl: is 0.35% by wt, or about 0.12 lb per cu ft 
for most woods; common specifications are 0.5-0.75 lb per cu ft, up to 1 lb for wet places. 
In Rand gold mines, ZnS 04 (a cheap byproduct of cyanide plant refineries) is used, with 
addition of NaF and dinitrophenol. Large Nova Sexitia coal mines submerge props in 
hot, strong solution of common salt; satisfactory results are probably due as much to the 
heating as to the salt. Creosoted timbers, though more lasting in resistance (also more 
expensive) and better suited for wet places, are nasty' to handle; their added inflammability 
can be almost completely overcome by 6 mo seasoning after treatment, but fumes from 
burning creosote arc dangerous, and its normal odor can arouse suspicion of a smouldering 
fire. Round timber must always be peeled, and framed or dimensioned timbers should be 


completely shaped, including bolt holes, if any, before treatment; new surfaces of any 
subsequent cutting may be painted with preservative with some slight advantage. Green 
timber is regularly treated, but results are best with timber seasoned as rapidly as possible 
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-without causing severe checking; the sooner the moisture in sapwood is reduced to below 
20%, the <088 chance for infection before treatment. 

Open-tank or hot- and cold-tank process is simplest and cheapest to install (a plant 
for 55nCl* treatment of 1 000 props per yr costs about $1 000), but is slower in operation aitd 
is beet limited to round and seasoned timbers. In almost all woods, except hemlock and 
spruce, sapwood absorbs solution faster than heartwood, whence open-tank treatment may 
give a round stick all the penetration required. Wood is submerged in solution and 
heated to 175°-180° F (never over 200°) for 1-2 hr by direct heat of fire or steam coils. 
Expansion causes most of the air (of which dry wood may contain up to 50% by vol) to 
escape. Upon cnoling while still submerged, either in same tank after withdrawing heat 
or in another tank filled with cold solution to which the wood is quickly transferred, 
solution is drawn into colls by contraction of air remaining in them. W'hen cool, wood is 
stacked for drying. Suitable strengths of solution are same as for pressure treatment. 

PtesBure or closed-tank system is good for all sawn timber and, in general, whenever 
the desired output demands siJccd; pressure method gives the same or better results than , 
open-tank in about ^ /s the time. Green timber can be ivell treated only in closed tanks. 
Rate of treatment is slower with round than -with squared timlier, as a smaller volume of 
rounds can be packed into a given tank. A small preasuro-tank plant, to treat 6 000 props 
per yr, costs $10 000-$15 000. Essential EQi'ir.\iEVT includes: (a) horiz, cyl tank with 
hinged or removable door at one end, with gasket and Ixilts for tight closure; in small 
tanks, the wood may be inserted and withdrawn in individual pieces; larger tanks usually 
have rails for receiving trucks loaded with timber. Tank contains steam-heating coils, 
and inlets fur live steam, comp-air, suction, and solution, and outlet for return of latter; 
also vents at tor» and bottom, controlled by valves; (5) tanks for mixing, storing, and 
measuring solution, latter equipped with some form of calibrated volume indicator; 
(c) air compressor, vacuimi pump, and pumps for transferring and applying press to solu¬ 
tion (which may be done by comp air); (d) steam bfiiler. Usual fbocedure: (1) admit 
live steam, avoiding temp atove 250° F; with seasoned timber, this step may be omitted; 
for green timber, u is cs-scntial, and may rcHjuirc 1 -4 hr; (2) drain tank and apply suction 
(20-in or better) for 0.5-1 hr; (3) admit sohition, containing 3-5% ZnClj, find apply 
press of 150-180 Ih per sq in, heating with steam coil, and continuing until the previously 
calculated vol of solution to give desired penetration or desired wt of ZnClj per cu ft of 
timber (examples below) has bc^n absorbed, as indicated by the measuring tank; (4) return 
solution to storage tank, by comp air or pumj); (5) apply suction for 0.5 hr to extract excess 
solution; ((») remove timber and store for drying, preferably about 6 mo. 

Examples. Ik.spiration mine, Ariz (586) cousuiues about 10 450 M bd ft of timber per yr, 
mainly sawn Douglas lii. on wiiich freight constitutes over half the delivered cost. Plant for ZnClt 
press treatment, designed and erected by mine employes, begun operation in Jan, 1930, and in 11 mo 
treated 522 430 bd ft, working 1 shift w'lth 1 optTator and laborers for loading and unloading trucks. 
Typical charge of 162 cu ft was impregnated to depth of 2 in, or with 0.6 lb ZnCh tier cu ft (using 
aol of 4.7% strength) in 3 hr over all. In dry, summer weather, preliminary steaming and evacu¬ 
ation were omitted, without alTecting results. Treated timber is given 6 mo to dry. United Veboe 
MINE, Jerome, Ariz t5h7), consuming S 7W M bd ft of timber in 1929 (about 75% local 
pine, remainder Oregon pine), is generally well ventilated and decay is not excessive. Chief difficul¬ 
ties hai’e occurred in fencing and Iloonng square-set filled slopes, some of which are not finished in 
less than 10 yr, and fur which nearly half of all timber is used. Plant for ZnCl-i press treatment of 

1 000 At bd ft per yr was tinished in Alay, 1920, at cost of 4112 184, and in succeeding 7 mo treated 
882.6 At bd ft (or 17 %, of all consumed in .same period) at following cost, per A1 bd ft: labor (1 opera¬ 
tor, 2 helpers), 83.980; power, $0,020, steam, $1,349: ZnCb ($,>.34 per cwl), $2,710; miso supplies, 
$0,394; repairs, $0,547; total, $9.<K). Press tank, 5.5 ft diam by 32 ft long, treats aver charge of 
3 700 bd ft in 8 hr (.>.ometiines 3 ciiuigcs in 2 shifts), never allowing more than 3 hr fur inipi-egnation 
at ]8()-lb piass. sol cuntains 3‘i Ziifb, vol is cairulated to give penetration of 0.75 m ior heavy 
limbers, S/g in for lagging and tloonng, corresponding to aver 0.61 lb ZnCh per cu ft. HollinOEB 
MINE, Timnims, Ont (,'>8M finished Znf'b press plant at niid-1034 and in next 8 mo treated 

2 500 M bd ft, both green and seasoned, or all timber except lagging, track ties, and stulln. Con¬ 
sumption of ZiiC'h (applied in 5% soli averaged 0.53 lb per cu ft, with penetrations of 2-2.S in at 
I50-lb press. Tank is .50 ft long and takes 700 cu ft of timber. Total time per charge; spruce, 4 hr; 
dry, sawn lumber, 2 5 hi, PC tir, 7-8 hr. Commercial treatment plant.s are located in many 
lumber centers and oHcr advantuge.s to .small mines not equipiied to treat their own timliei. Orders 
and specifications shcild be placed as lung iii advance as possible (say, 6 mol, to insiin. adequate 
seasoning before and .'fici tre.atment. As a rule, specifications as to ZnClj content and penetration 
for mine timbers may hi less rigorous than fur UH and structural timber, and price should be shaded 
accordingly. In southern III coal field in 1932, cost for treating with U.5 lb ZnC'lj per cu ft was 12^ 
fur sawn and 16^ fur round timber, per cu ft. For advice on this and related subjects, the Service 
Bureau of Anier Wood-Preservers' Assoc, Chicago, 111, may be consulted. 
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59. GENERAL 

Deflidtioiui and general plan. FiixJin btopb. aa term is used here, is one in which: 
(a) support for walls and men and, at times, for back of ore is furnished by waste rock, 
tailing or sand, which materials are called fillxko or gob ; (b) filling is an intej^ part of 
stoping; generally the orebody is excavated in small sections, filled wholly or in part 
before adjacent ground is attacked; (c) excepting the crosscut method (Art 64) use of 
timber, if any, is for temporary support of slabs or back and is not systematic as in square- 
set stopes (Art 46, 47). Most filled stoping is done in overhand flat-back, stepped-face 
or rill stopes (Art 38). Surface of fill is kept roughly parallel to slope back. As the slope 
progresses upward, chutes (usually of timber) are carried up through the fill, giving access 
to the slope and delivering broken ore to level below. Height of section mined before 
filling depends on character '^f ore and wails; details vary with size and shape of slope and 
source of filling; modes of arranging haulage ways and of mining level pillars vary with 
strength of walls and ore and width of orebody; for examples see following articles. In 
overhand filled slopes, the operations of breaking or cutting a slice from back of slope, 
and then filling the excavated area, have led to the wide use of the term cut-and-fiu,. 
A flat-back filled slope is called a boriz cut-and-fili, btofs; a filled rill slope, an incunsd 
CUT-AKD-F inn stops; these terms are used in the following articles. The term Fiunu> 
BTOPE is also applied to a stope mined by some other method and then filled with waste to 
prevent caving or subsidence. This is delateo fuaung, and may be used in open, 
shrinkage, or timbered stopes after completion; such work is described by adding the 
words “ with delayed filling ” to name of stoping method used, for example sbrinkaob 
STOPING wi'FH DELATED FILLING. Examples of delayed filling in different forms of stope 
are: Hollinger, Wright-Hargreaves, Coronado, and Homestake mines. Art 68; Home 
mine. Art 43; Calumet & Arizona, Art 52; Now Jersey Zinc, Golden Queen, and Carson 
Hill mines. Art 87. 

Source of filling. Usually, cheapest filling is waste rock, unavoidably broken with the 
ore, which is sorted out in the stope (Art 60); amounts of waste produced by sorting an 
usually insufficient, and must be supplemented by other material. 

Excess filling may bp supplied by: (a) Shooting down walls of lode; this obtains filling with 
little or no handling, and is feasible if wall rock is strong; in weak rook, such excavations expeae 

a strip of unsafe ground alongside of ore in back of stope (see Reeu- 
ing. Art 61). (6) Driving crosscuts into wails; the waste produced 
is distributed in stope by barrows, cars or scrapers (Sec 27), Inclined 
raises in walls serve same purpose, discharging filling into the stope 
by gravity (Nevada Wonder mine. Art 60). Crosscuts and raises 
serve to prospect the walls, and hence are preferable for obtaining 
filling where parallel stringers are apt to occur. Methods (a) and 
(6) are used mostly in flat-back stopes, for relatively small amounts 


Fig 373. Caving for Waste. Diagrammatia 
Fig 372 Cross-sec 

of filling required in excess of that from sorting, (e) Using wasts brought from surface; it may 
consist of mill tailing, sand, or waste rook which can be broken cheaply in an open cut. Such 
filling, usually sert underground through filuno or waste Raises, is transported laterally 
along levels in ca’-s (occasionally by belt conveyers) and dumped through raises into the stopee. 
Fig 372 shows mode of obtaining waste rock at Los Pilarbs mine, Nacosari, Mex (160). Glory- 
hoiea (Art 96) were opened in barren ground on the surface around raises R, which were 15 ft sq. 
Rock was broken with deep holes and heavy chargee, and fell by gravity into the raise, at bottom 
of which waa an offset connecting with drift T, and main waste raise W. Top of W was covered by 
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a Rriialy of heavy timbers 18 in apart, faced with eteel, on which large boulders were ta-oken. These 
raises terminated in bins, from which waste was distributed to stopee by electric haulage. There 
are many similar plans for obtaining waste for filling. Old dumps may someUmes be utili^ 
by driving drifts and raises under them, (d) Utilising waste from development work, thua saving 
or reaucing cost of hoietiiig it; this is an important element in planning efiic work in largenieale 
mining with numeious filled stapes and extensive exploratory and development work, as at Bisbee, 
Ana. (r) "Caving for waste." Under proper conditions, this gives cheap filling. Two parallel 
timbered drifts A (Fig 373} are driven in country rock at a safe distance from the mine workings. 
Inclined stopes S, 3.5 to 4 ft wide and timbered with stulls, leave a V-ehajied pillar P between 
the drifts. Chute gates (Art 90) are erected in drifts, eay 6 or 8 ft apart. By blasting out the 
stulls, the back of H caves and the material le drawn as needed iitto cars. Obviously this method 
is feasible only in rock which will cave when thua undermined Waste filling for Frood mine, 

hudbury, Ont, is supplied by drawing caved hanging-wall rock from nearby Creighton mine (Art 
68j. At McIntyre mine, Schumacher, Ont (171), a large block of wall rock near the orebody is 
mined by sub-level stoping as source of waste supply (Art 43). (/) Drawing filling from upper stopes 
and reusing it in lower ones: feasible where it is unnecessary to support walls of orebody perma¬ 
nently. Allowance for swell of broken rook must be made in estimating cost and amount of filling 
material. 

Other details as to filled stopes: see Art fiO to 6o. 


60. FILLED FLAT-BACK AND STEPPED-FACE OVERHAND STOPES 
OR HORIZONTAL CUT-AND-FILL STOPES, NARROW VEINS 

Suitable orebodies are steep-dipping veins of strong ore, up to 15 or 20 ft wide; walls 
may he either weak or strong (Art 6(5). 

Development follows practice in narrow veins (Art 14). If filling comes from outside 
sources, raises are necessary for deliAwing it into the stopes; main raises for passing filling 
to different levels should be eontinuous through sueeossive lifts. 

Breaking ground (see Overhand stopes. Art 26 to 28), 

Stoping and filling. Fig .374 shows common practice in western metal mines. Stopes 
are started like ojkui overhand stopes (Art 38). Ore from drift and cutting-out stopo is 
sorted, and the waste used for filling other stopes. Level is timbered with lagged stulls 
or drift-seta (for choice, see Art 38). 



First baok-stope is usually a thin slice, broken with light shots to avoid damage io level 
timbers; waste is sorted out and left on timbci.s: ore from first back-stope is often loaded 
into cars on level through holes formed by removing 1 or 2 pieces of lagging. Before 
starting a soc/md back-stope. timbered passages C (Fig 374), called chutes, mills, mill 
HOLES, or op PASSES, uro built 20 to .'lO ft apart along the stopo (Art 90). Work then 
proceeds as in ordinary overhand stoping. Chutes are built up periodically, to keep their 
tops at ulioiit the level of the filling. 

Access to stop* may bo provid'nl by timbered pa.ssage8, like chutes; usually, manways 
are formed by putting bidders in one side, of 2-conipari,ment chutes. Openings 2> (Fig 374) 
serve as auxiliary oiitiics during early woik m sleppcd-face stopes. This description 
assumes that enough waste is rejected in sorting to fill the stope; if this be insufficient, 
excess filling is obtained as described in Art 69. 

Sorting in stopes is usually possible only when ore minerals are easily recognized, 
where ore and waste dfiler markedly in appearance, or ore occurs in distinct bands or 
patches. Underground sorting is not feasible where fine breaking is required to separate 
qre from waste. 
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Sorting danuttishM amount and increases grade of ore secured. This may reduce plant 
ma operating costs for handling and milling an ore, and give more profit than is obtainable 
by treati^ entire contents of vein; it also reduces amount of outside waste required for 
filling, ^^ng jnay result in a profit from ore of apparently too low a grade to work, as 
lUustrated by following figures from a western silver mine. An 8-ft vein was mined as 
shown in Pig 374; about 40% of material broken, carrying $2 per ton, was left in stopes us 
waste; remainder was sorted and sent to a concentrating and cyanide plant; mill extrac¬ 
tion. 90%; total cost of mining and treatment, about $9.90 per ton milled. Sorted ore 
had to assay $9.90 "f- 0.9, or'$ll per ton, to pay expenses; minimum aver value of vein 





SECIMPUNeOFVEIN 

Fig 376. Mining Level-piltan, 
Wsihi Mine, New Zealand 


Fig 370. Mining lievel-pillsrs. 
Vein widths 16-20 ft, Wsihi Mine 


matter which could be broken to produce sorted ore of this value was (60 X $11) + 
(40 X $2) -7- 100, or $7.40 per ton. Calculations to determine advisability of sorting are 
similar to those given under Resuing, Art 61, 

Mining level-piUars presents no difficulties if ore is strong, and if level is timbered with 
Stulls to support filling in stope above. Work is same a.'i that of breaking a back-etope 
with uppers: in weak ore, vertical posts or cribs, resting on filling, are required to support 
level-pillars, and prt'vent falls of ground as work progresses; such 
ground may lie broken by holes drilled in floor of level abf>ve. If the 
level is required for haulage, etc. filling from outside source is neces¬ 
sary to replace ore in Icvel-piilars. 

Fig 375 shows method at Waihi minb, New Zealand, of mining pillars 
under timbered levcle (33S). Work begins by placing heavy stringers A, 16 
to 20 ft long, on each side of track close to posts; 1.5-in bolts Ji are then 
driven into each post, their projecting ends resting on the stringer and sup¬ 
porting the posts when ground below is removed. Timbers C are wedged 
between bolts and caps; spreaders D are placed at each set. The underly¬ 
ing pillar is next broken down, each drift set laid bare being blocked up 
from Stulls E. When 3 or i sots have been thus picked up, the ojien space is 
filled and stringers are moved on another length, their forward end always 
resting on sohd ground. This method is used for vein widths up to 15 ft; for 377. Support 

greater widths, stulls E would be too long to handle. .Saddle-back seta S’' Stull and Poet 
(Fig 376) are used for widths of 15 co 20 ft. Fig 377 shows method at itVLiV*** 

Nbvapa Wondek mimb for supporting stull and post timbering: other vari- W o nder M i ne 

ations are feasible. See also MclN-fYRB PoacupiifE iunb below. (Fig 37 p) 

# 

Examples of practice given below illustrate details of filled flat-back or stepped-face 
stopes in narrow veins; see also Resuing, Art 61. 

Block P mine, St Joseph Lead Co, Hughesrille, Monf. Data from W. O. Vanderburg (677) 
in 1931. Fissure vein carrying Pb-Ag ore occurs in large syenite cliimney or stock, cut by rhyolite 
dikes. Vein has known length of 4 000 ft. Ore is 1-4 ft wide, but stopes aver 5 ft. Dip, 65“H88*. 
Mineralization is distributed in lenses throughout vein. Walls usually well defined and stand well 
for the short time they remain unsupported; occasional stulls used in blooky ground in rhyolite. 
Ore breaks well; about 05% broken in primary blasting will pass an 8-in grizzly. Development. 
Entry to deeper part of mine is through a 2-compt vert shaft, 1 200 ft deep (1931); first 350 ft woe 
sunk in vein, next 300 ft in hanging wall, remaining 650 ft in footwall. Below 400 ft, level interval 
U 200 ft. Drifts run along vein in both directions from shaft; timbered with drift sets. Raises, 
690 ft apart, are dr'ven for exploration and ventilation. Length of slopes aver 400 ft, sometimes 
reaching 760 ft. Drift sets are o ft o-c, except every ninth set. where spacing is 6 ft to accommodate 
chute and manway. Stopino is started by removing lagging over drift sets and taking a 6-ft cut 
from back, the ore being shoveled into oars. lagging ie replaced, ohutee built, and horia eut-and- 
fill mining atarte (Fig 378). Cuts, 6 ft high, are broken by uppers drilled with hand-rotated stopers; 

1 miner drills about IS holee per shift; blasted with 30% gelatin dynamite. Selective bleating and 





































FILLED FLAT-BACK NAKROW STORES 10-241 


hand aorting are used to obtain high-grade product and minimixe loss of ore. Amount of waste thus 
produced is more than enough for filling. Following methods of breaking depend on ore occurrence: 
(1) where ore and waste are in alter¬ 


nate bands across the vein, they are 
blasted together and waste sorted by 
hand; (2) where ore occurs as single 
strong band, the waste is first blasted, 
then the ore; (3) where ere is weak 
and in one band, ore is first blasted 
and then the waste. Before blasting, 
flooring is laid over fill to prevent mix¬ 
ing of ore and waste; flooring is of 3-in 
planks, 8 and 10 in wide, 5 ft long. 
Sorted ore is shoveled into chutes by 
band. Stops crew usually consists of 
miner and shoveler. Chutes and man¬ 
ways are of framed sets of round tim¬ 
ber and are built up periodically by 
timbering crews; chutes are lined 
with 3 by lO-in plank, 5 ft lout, and 
are 26 in square inside lining; man¬ 
ways, 32 by 26 in. Single-conipt 
chutes without adjoining manway were 
formerly used, but were unsatisfac¬ 
tory; repairing was difficult and it 
was dangerous to start ore running 
when hung up in chutes; manway 
gives safe and easy access to any point 
along chute. At end of a stoiie sec¬ 
tion, fill is lagged off from unbroken 
ore by row of stulls 6 ft c-c, laced with 
pole lagging 3-5-in diam. Horses of 
waste are left unmined (Fig 378). 
Stopes are carried tlirougli to level 
above. About 5 ft below level, stulls 
are placed 5 ft e-c and lagged with 
polee. Waste is run onto lagging to 
support track on the level. If walls 
are weak, stulls are also ^ilaced under 
drift sets before floor pillar is removed. 
Vanderburg cites following advantages 
of cut-and-fill mining at tills mine: 
(1) complete extraction of ore; (2) 
very little timber is required; (3) ore 
is not held in stopes for long periods; 
(4) decreased use of timber end use of 
waste for filling reduces traffic in shaft; 
(6) a high-grade product is obtained 
by careful hand sorting; (6) good 
ventilation is obtained; (7) safe work¬ 
ing conditions; (8) fire hasard is small. 
Table 41 gives operating data for 
.year 1929. 


Table 41. Operating Data, Block P Mine, Hughea* 
▼ille, Mont (577) Year 1929. Tons hoisted, 106 242 


Develop- ... . 

Mining 


A. Ijihor (man-hr per ton): 

Breaking (drilling, blast¬ 
ing). 0.116 

Shoveling. 0.120 

Timbering. 0 048 

Underground haulage... 0.045 

Pumping. 

Hoisting. 

Underground misc. 

Supervision. . 

Total labor underground . 

Aver ton per nian-eliift 

underground. 

Surface haulage. 

Tool sharpening. 

Timlior framing. 

Misc surface. 

Total labor on surface. 

B. Pou’cr and supplies; 

Kxplosives (lb per ton) 0.286 
Detonators (number per 

ton). 0.114 

Power (kw-hr per ton): 

Air ccunpresBiou. 

Hauling. 

Drainage. 

Hoisting. 

Tramway. 

Misc. 


Total power. 

Timber: Pole lagging (liu ft per ton, 3 to 6-in 

diam). 

Stulls (lin ft per ton, 8 to 12-in 

diam). 

Sawed stook (bd ft per ton) 

2 by 4-16 ft long. 

I by 4-16 ft long. 

3 by 8-10 ft long. 

3 by 10-10 ft long. 

Total. 

C. I.abor percentage of total cost. 

Power and supplies percentage of total cost. 


Total 


1.751 
1.932 
0.556 
0.490 
0.096 
0.165 
0.175 
0. 185 
5.350 

1.495 

0.072 

0.082 

0.094 

0.221 

0.469 


2.854 

2.077 


9 974 
0.676 
1.134 
4.886 
0.175 
0,610 
17.455 


6 234 

1.304 

0.164 
0.062 
2.198 
1.531 
3.955 

72.63 
27 37 


Nevada Wonder mine. Wonder, Nev (2.14), Operations were suspended in 1919, but 
example illustrates present-day practice in many ^all mines and in portions of some large 
ones. Gold-silver ore occurred in fissure vein 5-6 ft wide. Ore was fractured; walls, weak. 
Following the cutting-out stoiie, level was timbered as in Fig 379, with 3-in plank lag¬ 
ging. Chutes of 2-in plank (Art 90) were at 25-ft intervals. A raise was then started in one 
waU. close to back of stope and at a pitch of 40° to 5(t°; enough waste was broken to cover 
timbers to depth of 2-3 ft. Waste was leveled off and covered with a plat of 2 by 12-m 
plank, upon which ore from first back-stope fell; the plat aided shoveling and reduced loss 
of fines in filling. Breaking ground began at one end of stope, 5-ft uppers being drilled 
with stope-drilla. Before removing all ore broken from first back-stope, holes were 
drilled for the second, but were not charged. Ore was then cleaned up, some running to 
the chutes, the remainder being shoveled or handled in barrows. Plat was removed, 
chutes and manways were built up aud braced temporarily, and stope was fiUed by waste 
to witiiin 3 or 4 ft of back. Waste raises were driven alternately in foot and hanging 
walls between every 2 chutes; a raise sensed 2 or 3 back-stopes and was seldom over 
30 to 40 ft high. 

McIntyre Porcupine Mines, Schumacher, Ont. Data from H. G. Skavlem and D. E. 
Keeley in 1933 (229, 171). Gold ore occurs in quartz veins and in irregular replacement 
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bodies. Wall rocks are generally lavaHSchists or porphyry; veins frequently along contact 

of these rocks. Aver width of 
“ about 10 ft, but widths to 
100 ft occur; length of ore var- 




yAyyy//yy/yjr//j/////^^^ Sui»i- ofC M about 10 ft, but widthsto 

100 ft occur; length of ore var* 
ies, up to 1 200 ft. Dips, 60^ to 
LJ ''7^ vert. In early years all stoping 

'-4 ., r 'M W wasby shrinkage; dilution from 
'/ f(Tff rn weak walls and need of sorting 

^ caused change to cut.and-fill 

^ ^and square-set methods. Mine 

I ^ “ developed by vert shafts; 

^ ^ intervals to 

1000-ft level and at 125-ft 
^ ^ ^"ifSPnSw intervals below. Raises for 

H Btope suing and ventilation are 

I g ^ ■ 1 Ini MU. 250-300 ft apart. Rg 380 shows 

cut-and-su pr^tice. chut^ 
spacing at 35-160 ft was tned, 
8EC IN PLANE OF VEIN CROSS SEC A B but standard interval in 1933 

Fig 379. Filled Flat-back Slope, Nevada Wonder Mine was 50 ft, with manway along¬ 

side every third chute. Cuts are 
8-ft high; breast is bioken by mounted drifters drilling 10-12-ft flat holes. Powder con- 


8EC IN PLANE OF VEIN CROSS SEC A B 

Fig 370. Filled Flat-back Slope, Nevada Wonder Mine 
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sumption, about 1 lb dynamite per ton. In strong ground breast may be SO ft or more 
abead of muckers. In stopes under 12 ft, scaly backs are supported by stuUs. Handling 
of-ore to chutes is by hand shoveling, or scrapers with air-driven hoists. Where scrapers 
are not used, ore beyond shoveling distance from chutes is loaded into 1-ton cars and 
trammed to chutes. Same type of car is used for spreading waste; for handling ore and 
spreading waste, sectionalised track of 16-lb rail in 10-ft lengths is used. As stope ap¬ 
proaches level above, cut-and-fiU mining is stopped, to leave floor pillar of a 



depending on width of vein and ground conditions; thickness of floor pillar rarely ex¬ 
ceeds 20 ft. Level pillar is mined by square-setting, to preserve haulageway al>ove (Fig 381). 
Sources of waste rock for fllliVig are: (1) development and shaft sinking; (2) sorting in 
stopes; (3) old fill from finished stopea; (4) waste cross-cuts driven in walls of stopes; 
(6) re^ar waste stopes. Use of waste rrosscuts is confined to stopes remote from waste 
passes. Mode of obtaining waste by sub-level cavdng is described in Art 43. 

Anaconda Copper Mining Co, Butte, Mont. Data from J. A. O'NciU, Eng Research 
Dept, and J. J. Carrigan, Gen Supt, in 1930. For ore occurrences and development, see 
Art 46. Fig 382 shows detail of method. Through raise-chutes R to level above, driven 
125-200 ft apart along the veins, are later used for supplying filling from crosscuts in 
levels above. Sheeting caps and sheeting 8 (pole lagging or small stuHs) support filling 
over sill or haulage level. A chute and manway T is carried through filling for extracting 
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lxt>ken ore from stopc. One double-drum hoist scrapes both sides of stope into the dhute, 
and also handles filling from through raise-chutes. Ore is shoveled on 2- or 3-in flooring 
on top of filling. Stulls with headboards support the wails w’hen needed, and are salvaged 
before beginning each fill. In addition to low timber costs, the stope has the advantage of 
the good working conditions secured in all flat-back stopes, combined with close filling. 

Butte, Mont (219). Fig 383, 
from B. H. Dunshee, shows a 
sometimes useful adaptation of 
flat-back filled stopes, used at 
Butte in moderately wide veins 
with strong ore and strong walls. 
Stope breast was carried about 
twice the usual height, in 2 
benches, broken-ore pile being 
16-20 ft high. Waste was run 
into stope through raise until it 
would no longer distribute itself 
by gravity; tliereafier, it was 
spread by cars on track laid on 
filling about 6 ft below back. 
Chutes w'ere raised to level of 
filling track as toe of fill ap¬ 
proached them. Surface of M 
was covered by 2-in plank be¬ 
fore breaking down ore, to avoid admixture of waste and facilitate shoveling. Method 
locally called "Back filling." 

Filled stope in weak ore. J. E. Harding describes a method of mining n block of shattered ore, 
300 ft long, 100 ft higli, and about 2U ft wide, at Mina Sani'a Francihca, Mexico (236). An open 
square-set stope, 4 to 6 sets high, had caught fire and caved. The stope was reopened several years 
later; ore had come down in huge slabs, and it was important to prevent surface subsidence. Square- 
setting was not deemed feasible, because of cost and scarcity of timber. Waste filling was obtainable 
cheaply from a nearby raise, connecting with a surface quarry. As shown by Fig 384, a drift was 
driven on 200-ft level through the caved area, and timbered with sill-floor square-sets with posts 
4 ft apart; little spiling was necessary. A chute and manway were started in every 4th set; a 
cribbed raise A was put up to 100-ft level at each end of stupe. Starting on eill floor, at both ends 
of stope and both sides of drift, a room as high as the sets wa.^ taken out across the vein; as fast as 
ore was removed, the back was caught up with vert posts and headboards. Filling, drawn through 


Main Level 











Fig 383. Back-filling at Butte, Mont 
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Fig 384. Filled Flat-back Stope in Weak Ore 
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raises A, was kept close to face and stowed close to back, the stulls being buried. Wiuite wee 
trammed to advancing face of rooms tlirough a small drift in the back directly over the sill-floor 
sets; cars were loaded from temporary gates built into raises A, When the sill floor war mined 
and filled, successive 10 ft high were similarly mined above. In any slice, rooms were staurted 
at the end chutes B, ar.) connected with waste raises A ; filling was drawn in and rooms advanced 
halfway to chutes C; chutes B were then built up. waste drifts E started, and the rooms completely 
filled. Rooms were then opened from tops of chufes C, carried halfway to chutes D and filled, the 
process being repeated until slice was removed. Distance between fill and face of a room never 
exceeded 10 ft; less in bed gionnd. Stulls for supporting back on sill-floor and upper slioee were 
10 ft long and 8-in butt dir.m, turned in a lathe and tapered to 6-in diam at other end; they were 
jdaoed large end up, and were easily puUed out of filling with a hydraulic jack when uncovered in 
miaiag the slice above. Tliia is a variant of the Crosscut method. Art 64. 
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61. RESUING (also called “ Stripping ”) 

Field of VM for resoing is in working very narrow veins or paystreaks. 

General plan of work (Fig 385). P is a narrow high-grade streak, separated from a 
low-grade or barren portion AB by gouge C. A flat-back overhand stope of minimum 
width is first opened alongside of a portion of the paystreak, as at AB', the broken mate¬ 
rial is used for filling F. Exposed part of paystreak is 
then broken down clean and sent to level through chutes 
Af, spaced to 60 ft apart. 

Alternative methods: (a) Mine the vein from wall to wall, 
and sort out as much waste as possible in the stope: this produces 
more and lower-grade ore than resuing (compare Art 00). (b) 

Carry a stope of minimum width (Art 27, 28), to include streak 
P; this gives amounts and grades of ore intermediate between 
pbun (a) and resuing. (e) Soft ore may be picked out before 
breaking to full stoping width. Choice of method depends on 
amount of sorting possible in utopee, and costs of breaking, 
handling, and treatment. Resuing often yields larger profit than 
any of these alternatives. 

Requirements for the successful application of resuing; 

(a) A well defined plane of weakness, as a clay seam or 
slip on one side of paystreak. (b) Steep dips are desirable. 

(c) High-grade ore is necessary for mining narrow deposits 
witli profit. 

Cold Springs mine, Nederland, Boulder County, Colo. 

Data from W. O. Vanderburg (290) in 1932. Tungsten ore 
(tungstate of iron, FeW 04 ) occurs as lenses in fissure veins; 
wall rock is chiefly granite, frequently gneissoid. Aver width 
of ore-streak mined, 8-10 in; aver length, 80 ft. Aver dip Fig 385. Resuing 

of veins, 70". Walls tend to slough when exposed more 

than 6 ft along dip. Ore and waste are easily distinguished by visual inspection. Mine is 
developed by 2-compt shaft 40 ft in footwall and inclined about 71®; upper 3 levels are 
60 ft apart, lower 3, 100 ft apart. No raises are driven in advance of stoping, but some 
timbered chutes and manways through old stope fills are maintained as openings between 
levels. Cribbed chutes are 25-30 ft apart; chutes at ends of stopes have manways 
alongside. Stope is advanced by successive cuts 4-6 ft high. Method of breaking ground 
varies with character of vein. Where ore occurs as a single band, resuing or “ stripping ” 
is used; waste is blasted first, usually on hanging-wall side, and leveled off by hand. A 
sheet-iron jdat is then laid on the fill and exposed ore carefully blasted down with small 
charges of explosive, or taken down by hand moiling. W'here ore and waste are too 
intimately associated for resuing, they are blasted down together and sorted by hand. 
Amount of waste thus obtained is more than enough for filling; excess is shoveled into 
chutes and hoisted to surface. In 8 mo of 1931, an aver of 0.445 ton of ore was recovered 
per man-shift of aU labor; 4.48 lb of 40% dynamite were consun>ed per ton recovered. 

Molybdenum Corp of America mine, Questa, N M. Data from J. B. Carman (492) in 1931. Veins 
carrying molybdenite (MoSj) occur in zone of branching and interfingering fractures in porphyry. 
Width of mineralization varies from fraction of inch to 6 ft, but vein walls are sometimes 10 ft apart. 
Streaks of high-grade ore not over 6 in wide are commonly mined, but for whole mine aver width of 
matensl taken as ore is probably 12-18 in. Veins are commonly 200-500 ft long, extending down 
dip about one-third their horiz length. Average dip is 60°, but wide local variations occur. Both 
v«a and wall rock drill and break easily; molybdenite is very friable and must be blasted carefully 
to avoid loss in fines. Ground usually requires support given by filling, but in places open stopes 
are used. Mine is developed by severe tunnels at various elevations; level interval, 40-100 ft. No 
raises are driven for stoping only. Fig 386 gives a cross-sec of a typical stope, showing variation 
in width of ore and occurrence of included waste. Stopes are started by taking out from back of 
drift, placing drift sets, and building chute-pockets 50 ft apart; manways are carried alongside 
of alternate chutes. Chutes and manways are of round cribbing or stulls laced with split lagging; 
ohutea are 3 ft square inside; no grizzlies are used. Slopes are flat-back. Ground is broken by 
uppers, rarely over 3 ft deep. Both macliine and hand drilling are employed; band drilling favored 
in soft ground because recovery of ore is cleaner and more complete; hand-rotated stopers used 
for harder ground. Explosive is 40% gelatin dynamite. Method of breaking ore varies according 
to ore occurrence and is carefully supervised. Resuing is used where possible, waste portion of 
vein being mined before ore is broken down by picking or very light blasting. Plank flooring is 
sometimes laid on fill before breaking down ore, but usually fill is simply leveled off. Ore is shovelsd 
directly to ohutM without use of wheelbarrows, in spite of wide chute spacing. Double handling 
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of ore is necessary in any case because of sortinc. Enough material for filling is generally provided 
by waste necessarily broken and sorted out in stoping. In 1930, about 0.6 ton of ore was recovered 
per man-shift of all labor; explosive, about 3 lb per ton ol ore. 

City ]>eep mine, Johannesburg, So Africa. For data on resmag in this deep mine, see Art 33. 



Resoing vs other methods for mining a narrow, liigh-grade, gold-quartz vein; data 
from F. C. Roberts (23S;. In all examples, dip of vein isSS”, wall rocks contain no values, 

and as there is a clcau slip on footwall, stop¬ 
ing can bo done there without disturbing 
vein; general charges cover items of amort¬ 
ization, pumping, and general expense. 

Example A. Width of vein, 6 in; value, 148 
per ton. Vein and wall rock are broken to¬ 
gether in a stope 30 in wide; broken material 
contains 20% ore and 80% waste; aver value, 
$9.60 per ton. 5% of the wB.sle is sorted in 
stope; 5% of 80 «• 4, hence 96% of tonnage of 
ore and waste broken is sent to mill, with a 
value of $9.99 per ton. Mill recovery, 76%, 
or $7.49 per ton. t'^ost per 100 tons milled is 
showTi by accompanying statement. 

Example B. Width and value of vein same ns in Example A. Mining is dene by resuing; 
a 30-in stope is carried in f ootwall and the vein broken down clean after about 3 600 s<i ft are stripped; 
some waste from footwall stope hs'l to be sent to surface. Mill recovery, 75% or $36 per ton. 
Statement shows cost per 100 tons milled. 

Examfde C. Resuing a 12 in vein; value, $28.80 per ton. Mill recovery, 75% or $21.60 per 
ton. Method aame as in Example B. Statement shows cost per 100 tons milled. 

The same vein mined in a stope 30 in wide, where ore and waste are broken together, shows 
$124.38 profit per 100 tons milled, where 5% of the waste can be sorted in slopes; if 20% of the 
waste «an be thus sorted, profit is $196.50. 


Example A 

Tons 

Cost 
per ton 

Total 

Mining. 

104 

$3.60 

$374.40 

Tramming. 

104 

0.36 

37.44 

Hoisting. 

104 

0.18 

16.72 

Milling. 

100 

1.44 

144.00 

Genera]. 



198 00 

Total. 



$772.56 

1 Value of gold from 100 tone. 

749 00 



Loss 

$ 23 56 
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Example B 

Tons 

Coat 
per ton 

Total 

Mining waste. 

Mining ore. 

Handling waste... 
Tramming ore.... 
Hoisting waste... 

Hoisting ore. 

Milling ore. 

Qeueral. 

500 

100 

110 

100 

110 
100 
100 

$2.40 
3.60 
0.48 
0.36 
0.18 
0.18 
1.92 

$1 200.00 
360.00 

52.80 
36.00 

19.80 
18.00 

192.00 

252.00 

Total_ 



$2 130.60 

3 600.00 
$1 469.40 

Value of gold from 100 

.one.... 

Profit 


Example C 

Tons 

CcMt 
per ton 

Total 

Mining waste. 

Mining ore. 

250 

100 

23 

100 

100 

23 

100 

$2.40 
3.60 
0.48 
0.36 
0.18 
0.18 
1.92 

$ 600.00 
360.00 
11.04 
36.00 
18.00 
4.14 
192.00 
240 00 

Handling waste... 
Handling ore. 

Hoisting waste. .. 
Milling ore. 

General. 

Total. 



$t 461.18 

2 160.00 

Value of gold from 100 tons.... 

Profit 

$ 698.82 


62. FILLED FLAT-BACK STOPES OR HORIZONTAL CUT-AND-FILL 

STOPES, WIDE OREBODIES 

Field of use. Ore should stand unsupported over bock of stope or with no greater 
support than is afforded by posts or cribs resting on filling. Strong walls are not a requi¬ 
site. General dip should be steep, but local variations in dip of foot- or hanging-wall, 
contacts are not serious handicaps. For use of filling methods in weak ores, see Art 64. 

General plan of work is same as for narrow veins (Art GO). Filling for wide stopes may 
be obtained in part from sorting or by breaking into walls, but generally it comes from 
outside sources and is delivered to stope through raises. Wide orebodies often call for 
more than one haulageway under stope to afford proper chute si>acing. Rib pillars 
between stopes are usually necessary to limit size of stope; in wide orebodies, narrow 



Fig 387. Filled Flat-back Stope, Minnesota Iron Co, Soudan, Minn 


dimension of stope is usually in direction of strike. Examples of practice are given below 
and in Art 63, 64. * 

Minnesota Iron Co, Soudan, Minn (35, 153, 183, 239). This is a classic example of 
early practice in U S. Orebodies wore overlapping lenses of hematite, varying in length 
from 200 to 1 000 ft, in width from a pinch to over lOp ft, and in vert height from 250 to 
.500 ft; dip, 65® to 75®. Ore was very hard and strong; walls, weak and soft. Method 
OF MINING (Fig 387, 388). Overhand, flat-back stopes were carried with alternate ore- 
breaking and filling; timliered gangways were kept open through the filling; an occasional 
crib supported loose slabs in back of sto{}e. Entry was by several inclined shafts in foot- 
wall; level interval, 80 ft. Levels wore opened by driving wide crosscuts from shaft to 
hanging wall; a 7 by 8-ft drift was driven through center of lens, followed by a breast 
stope (Art 30), whicli took out full width of deposit to a height of 15 to 20 ft. Gangways, 
following advance of breast stope, consisted of 3-piece round-timber sets (Art 20), with 
0-ft posts, 11-ft caps; the sets were 3 ft apart, close lagged and held in place with sway- 
braces. Fig 388 shows plan of gangway. At chutes, sets were of 20 to 24-in timber. 
Top lagging was 6 to 8-in diam, side lagging 3 to 5-in. Cribbed ladder-ways, 5 ft square, 
were built up on hanging-wail side of gangway at 50-ft intervals, and edmilar chutes eveiy 
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26 ft along footwall aide. When timbering was finished, stope was filled with waste to a 
depth of 12 to 15 ft; tiiere should be at least 5 ft of fill above gangway sets. A 10-ft slice 
was then broken from back of stope. the ore being thrown into chutes; as stope advanced, 
chutes and manways were cribb^ and a now layer of filling was put in, leaving a 6-ft 
space between fill and back of stope. Successive hack-stopes about 15 ft high ware taken 
as long as the back would stand safely under the filling in stope above; level-pillars were 
usually 6 to 10 ft thick (153;. Wabts fob FiLLma was admitted through 6 by 6-ft raises R 
in the footwall, with one side following contact between rock and ore. Raises were about 
100 ft apart and tenuinated in an open-out at surface; the side exposed by stoping was tim¬ 
bered before filling was run into the 
stope; this allowed filling to be drawn 



'Shaft 

Fig 388. Plan of Part of Level, Minnesota Iron Co 


into slopes at any elevation and 
maintained raises for future service 
in lower lifts. Filling was distrib¬ 
uted in small cars, loaded fnnn 
temrwrarj' chute gates erected in 
raises. For tipper lifts, filling was 
obtained by blasting walls of open- 
cut; the filling in exhausted upjiei 
lifts was drawn downward and used 
in lower stopes; in narrow parts of 
deposits, filling was done with lower 
handling costs by breaking down the 
walls. 


Arizona Copper Co, Morenci, Ariz; data from P. B. Scotland (178, 152). Sulphide 
ores occur as disseminated deposits in quartz porphyry and as fault fissure veins in granite. 
Oreshoots to which this meihud was applied carried 2.5 to 2.8% Cu, and were irregular in 
outline; lengths, 450 to 1 750 ft; widths, 6 to 200 ft; conimercial ore extended to depths 
of 450 to 800 ft, Hard ore which stood well was mined in flat-back filled stopos (Fig .389); 
locally called open stoping and filling. A slice, 15 to 20 ft high, was taken over whole area 
at bottom of shoot; one or more raises were diiven to surface or to level above for 














ventilation and filling; chutes and 

manways, about 75 ft apart, were —,, yiH _ 

erected from tramming level and 

the sto[>e was filled to witliin 8 ft of 

back. If oreliody was on an im- 

portant haulage level, stope was 

opened 10 or 15 ft above it. Back- 

stofies were 15 to 20 ft high. Filling 

was distributed in cars; expert- 

ments with mechanical scrapers 

were unsuccessful. K5.eepting a few ^ 

cribs or squari'-sets to support H a y9!^, ■. 

loo«, d.l», th, orly timber m- 

quired was for chutes. Several ?«i . 

stofies in Metcalf mine were so wide 

(up to 300 ft) that pillars amount- ^ 

ing to 5% of orebody were left to ^ 

support walls and back. Danger 

from unsupported backs limited 

use of method to the firmest A uongit sec cross-sec a A 

ground. Filling was obtained Fig 38fl. Filled Flat-back Stope, Morenci, Arts 

cheaply from surface quarries or 

glory-holes. (For other methods at Morenci, see Art 35, 46, 65, 68, 73.) 

United Verde mine, Jerome, Ariz. Data from T. W. Quaylo (227) in 1931 and W. W. 
Lynch, formerly Mine Supt. Large body of pyrite occurs in a steeply dipping mverted 
trough, with dloritc hanging wall, schist and porphyry footwall. Bodies of copper ore 
occur within the pyr.iic moss and usually extend into the footwall. The walls are generally 
commercial limits of massive sulphide on hanging-wall side and of schist or porphyry on 
footwall aide. Main orebodv is about 1 200 ft long, varying in width from a few ft to 200 ft. 
Except in some schist zones, ore is strong and stands over large areas without support 
except occasional cribs. Massive sulphide hanging wail is generally very strong. Foot- 
walls of schist or porphyry usually require prompt supimrt. Much ore is high enough in 


LONCUT SEC 


LONdT SEC CROSS-SEC A A 

Fig 389. Filled Flat-back Stope, Morenci, Aria 


grade to be smelted without concentration and hence must be mined to give high extrac¬ 
tion with little dilution from waste. These conditions, combined with irregularity of 
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wallB, 'were reaaons for favoring horiz cut-and-fill method in the past, although some 
^rinkage and inclined cut-and>fill etoping ■were used. (Future plana call for wider use of 
inclined cut-and-fill. Author, 1939.) Dbvklopmbnt. There are 3 vert footwall shafts, 
and 2 adits, on 500- and 1 000-ft levels. I.ievel interval generally 150 ft. On each level a 
main crosscut intersects middle of orebody, and drifts near the sulphide-schist (or por¬ 
phyry) contact determine the length of ore. Width, shape and characteristics of ore on a 
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Fig 390. Chute and Gangway Timbering, United Verde Mine 


level are determined largely by diamond drilling (Fig 48); these data guide the planning 
of stopea, additional haulageways and raises, and spacing of rib pillars. Stopino. Orig¬ 
inal practice in cut-and-fill work was to sill out stopes on levels and then establish timbered 
gangways, but gangway timbers required costly maintenance. In later practice, cutting- 
out floor was 13 ft above level, which also involved 
timbered gangways (Fig 390); timlxsr maintenance 
was reduced, but still high. i:^till later practice was to 
sill the stope 21-25 ft above level, avoiding timbering 
of gangways altogether. Stopes were laid out to give 
max size consistent with safe mining; dimensions, 30- 
160 ft across the orebody and 60-200 ft along strike. 

Stopo dimensions were also aiTected by necessity for 
maintaining regularity in the vert-pillar system. Raises 
were 6 by 11 ft, with a cribbed manway compt, the 
chute side being untimberod. For stopes 100 ft or more 
long, 2 waste raises were driven, one at one end and 
the other near center of stope; smaller stopes had only 
1 fill raise. W’here 2 fill raises were used, the timber 
was stripped from both; with only 1 raise, its timber 
was left in place to hold tlm raise open for ventilation. 

Silling operations were usually started from one w^te 
raise 21-25 ft above rail; sill-floor cut, 7 ft high. 

Chute raises connected the haulageways with the stope 
at 16.5-ft intervals in massive sulphide, and 22-ft inter¬ 
vals in schist or porphyry. After sill reached piUat 
lines and ore limits, a second 7-ft cut was started from 
a waste raise. In stopes having 2 raises, the cut was 
started from the one near end of stopo. Two rows of 
7 to 8 -ft flat holes were drilled by drifters; loaded Fig 391 . Cribbed Chute and 

with 50% gelatin dynamite. Before starting filling. Manway, U mted Verde Mine 

sill flooring was laid, of 4 by 12-in, 5 ft 4 in c-c, and e 

double floor of 2 -in planks, 10 ft 8 in long, placed to break joints; purpose of flooring on a 
solid floor was to aid level-pillar recovery. “Pillar fencing" was built along faces of 
the vert pillars, of 6 by 8 -in posts 8 ft long, spaced 3 ft 7 in o-c and covered with 2-in plank 
7 ft 2 in long, with staggered joints. Chutes were of 6 by 8 -in cribbing, 5 ft 3 in long, 
lined with 4-in pine and sheath^ outside with used 2-in flooring. Where manways ad¬ 
joined chutes, construction was as in Fig 391. Grizzlies over chutes were of inverted 
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60-lb rails with ll4n openings. Waste was distributed from temporary chute pocket 
under waste raise by 18-cu ft scoop-body cars on 18-in gage sectional track. Track 
sections were of 8-ft straight lengths, curves of 9-ft radius, and standard switches; rails 
riveted to 3/g by 4-ui steel-plate ties; sections connected by slip-joint tie and a spike; no 
bolts necessary. Fig 392 i^ows stope procedure. Stope continued upward by horiz cut- 
and-fill to within 20-30 ft of level above. Both floor and vert pillars were later mined by 
square-sotting. For further details and other methods, see Bib 227, 524. 



Fig 392. Typical Cut-and-fiU Stope, United Verde Mine, Jerome, Ariz (227) 


Hollinger mine. Porcupine, Ont. Data from A. W. Young (.306) in 1935. For geol 
features, see Art 68. Orebodics i ange from narrow single veins to groups of veins forming 
ore sones to 100 ft width. Horiz cut-and-fill method is used for wide orebodies, irregular 
and often erratic systems of closely spaced, branching and connecting veins, newly devel¬ 
oped lenses between old stopes, and narrow veins having bad walls. Fig 393 shows appli¬ 
cation to a branching orebody. T/evel interval, 150 ft. Ore is silled’out to height of 
17 ft and timbered hanlageway is built. Combination chutes and manways, 6 by 12 ft, 
are 200 ft apart; they ore of cribbing, either 8-in round or 10 by 10-in sawed timber. 
Chutes of round cribbing are lined with 3-in plank; unlined if of squared timber. Fill 
raises to level above are midway between chutes; cuts 10 ft higli arc started from them 
and run in both directions. Three rows of flat S-ft holes are drilled with mounted driftem. 
Ore is hand shoveled into 1-ton rocker-bottom cars and trammed to chute; same type car 
used for spreading fill, which is leveled off to within 10 ft of back; flooring of 3-in fir or 2-in 
elm is laid on fill to prevent mixing of ore and waste and aid shoveling. As breast advances, 
timber sets are erected on the now fill and kept close to working face; caps or stringers 
of 12 by 12-iii are set on round posts resting on sills. Cribs of 12 by 12-in timber suptilement 
the sets in bad ground. Fill is kept close to advancing breast and miners usually set up on 
filling rather than on broken ore. Nearly all stope timber is recovered and reused. Before 
blasting, sets below that may be broken are removed. Power-scraping is used in some 
stopes for delivering ore to chutes and distributing fill. Filling comprises development 
waste, plus sand and gravel excavated by dragline scraper from deposits about 3.5 miles 
distant and transported to mine by aerial tram (235). Rbcovebt of pbvbi. filpab. 
Depth of this pillar depends on width of stope and nature of ground. Fig 394 shows a 
retreating method ot removing a 20-ft pillar. Aver figures for all cut-and-fiU stoiies dur¬ 
ing 1934 are: tons broken per hole drilled, 3.613; direct stoping labor and explosive costs, 
per ton broken: breaking, Cl.l(i; timbering, lOfi; filling, 12.2^; mxicking, 36.4<!; stope 
and sub-ievel dev'clonmer t, 7.8^: total labor, 97.5)t: explosives, 12.?f!; total, $1,097. 

Creighton mine, Ont i.93). Geol 'eatures and former mining by shrinkage are described 
in Art 68. As ground conditions are no longer suitable for shrinkage, recent (1937) 
methods are horiz cut-and-fill and squarenset. Much of square-set operations is to recover 
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level rib pillare. Horia out-and-fiU stopee, running longitudinally, are uaed where 
poaaible. “Silling" (cutting-out stope) is on the level or 30 ft above riJl. A permanent 
flooring of cedar plank is laid on sill floor before fill is begun. Chutea at 22-ft centers are 
cribbed, have 4-in plank lining, and incline to conform with general dip of footwaJL 
Grisslies are of 60-lb rails, inverted and spaced for 11-in openings. Breast drilling is done 



from the ore pile. Flooring on top of fill for hand mucking is of 3-in plank. Fill is carried 
within 6-7 ft of back. Waste raises are 7 by 11 ft; cribbed manway used in driving 
raise serves for ventilation and handling supplies into stupe. 

Matahambre mine. Pinar del Rio, Cuba. Data from G. L. Richert (237) in 1929. 
Tabular bodies of ore, averaging 4.25% Cu in chalcopyrite associated with psnrite and 
quartz, occur in 1 prominent and 2 leas important fracture zones across sediments, chiefly 
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shale and metamorphosed ewdstone. Dips, 42°~45°. Footwall, usually quartsite, stands 
well; hanging wall, usually shale, requires prompt support. Level interval has bmn 
increased from 100 ft to 160 ft. Development is ^ vert shaft; haulageways are drifts 
or crosscuts. Stoping is by horiz cut-and-fiU; unusual feature is manner of filling with 
mill tailings. Bottom of sill'fioor out is 14 ft above rail; cut, 12 ft high. Chute raises 



,at' P.M O/.O f 

Fig 394. Mining Level-pillar, Bollinger Mine, Ontario 

are 50 ft apart, with manway alongside each third chute. Fill raises to level above are 
100-150 ft apart; at least one raise per stope has ladders. Flooring of hardwood slabs 
and poles is laid in sill-floor cut before filling. Chutes are of 8-in round timber, framed to 
obviate use of nails. Cuts are started with stoper drills in center or at end of the stope 
and continued with jackhammers. Ore is usually hand-shoveled to chutes; or wheel¬ 
barrows, if chutes are far apart. 
After stope has advanced to 
Mlc® within 1.5-20 ft of level above. 




Min 


lO'Bowl 

rlnsslfler 

'“febins I 


Mine within 1.5-20 ft of level above, 

.Ji^OretomllL square-^ta are used to remove 

mTTifn m io'bowI rs PiUar. I' ilIiIng. Mill tail- 

Mlll rlasalfler gg ings arc pumped to a 30-ft bowl 

‘ratea to bins I g, classifier situated on surface near 

4 '§3 S a raise leading to mine (I'ig 395). 

nr Slime overflow goes to tailings 

I gS pond; water is added to rake 

L_ product and delivery to mine is 

I nni through 2.5-in rubber-lined pipe. 

_11^ Jl—l yi Pipeline system extends to stopes, 

_ where sand is distributed by 

—II— 1 "||“ ' \\ "Ti hose. By building up small sand 

-Jl, _I 1 I dams, any part of stope can be 

filled. Before Ailing, the chutes 
manways are wrapped with 
Ore to staalt burlap to prevent washing of 

Pig 395. Matahambre System of Filling Stopes i 

(Diagrammatic) eeeps through the burlap and 

out of stope in about 12 hr; 
surface of fill is level and hard. Advantages of classified mill tailin gs over previously 
mined surface waste are: ease of handling; no spreading; flexibility; fewm-raises required; 
better support of walls. For further details, see Art 92. 


IIOre to staalt 

Fig 395. Matahambre System of Filling Stopes 
(Diagrammatic) 


63. FILLED FLAT-BACK STOPES, WIDE OREBODIES 

(Baltic Dry-wall Method) 

dumpion mine, Painasdale, Mich. Data from A. Mendelsohn (488) in 1931, Ore 
occurs largely in brecciated cappings of tilted lava flows, which dip at 30*-70®. l^e is 
nearly straight for long distances along strike. Hanging wall of a lode is the bottom of 
next succeeding lava flow; footwall is the trap lying under amygdaloidal top of flow. 
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la some plaow lodes outcrop; in others they are covered with glacial drift. Lode at 
Champion is in the iH-ecciat^ top of “Baltic" flow; length on property, 8 000 ft; dip is 
uniform at 70® for 3 000 ft in depth, then flattens riigbtly. Aver vridth of ore mined in 
1930 was 17 ft. Lode rock is very hard. Hanging wall is seamy lava requiring prompt 
support. Footwall is irregular and becomes more “trappy" at depth. Native copper 
occurs in irregular patches and must be sorted. Ore shipped in l^t 5 mo of 1930 ran 
46 lb Cu per ton; before sorting, 25 lb i>er ton. Developuent is by 4 inclined shafts in 
the lode. Main levels are 100 ft apai’t along dip. Drifts follow the ore as far as possible, 
but avoid sharp curves for haulage reasons; they serve to explore us well as to develop. 
Stopino. Recent mining is largely by a retreating system (see below); earlier method, 
the “Baltic Dry-waU," is still used in upper levels (1931). Distinctive features of “dry- 
wall" method, devised by F. W. Denton, are: (a) use of dry stone walls to maintain gang¬ 
ways and chutes through Ailing; (6) mode of mining level-pillars; (c) devices for dis¬ 
tributing sand Ailing in stopes. According to A. Mendelsohn, Gen Supt, following 
description from earlier editions of the Handbook is correct as to current use of (he method. 
Description based on notes by author in 1910, by C. W. Crispell, 1916, data by C. T. Rice 
(141) in 1912, and by W. H. S« iiacht (655) in 1923. 

Dry-wall gangways; drawings from C. T. Rice (141). Copper rock (ore) from drift 
and cutting-out stope is sorted in the level, waste being thrown aside. Building of gang- 


(Mm poui U ft looc i 



Fig 396. Dry-wall Gangway. 

BiJtic Method Fig 397. Gangway with One Composite Wall 


ways follows at a convenient distance behind the sorters; Fig 396 shows type form and 
dimensions. 

Stones for facing the walls are 14 to .30 in long; longer pieces when available, or old 
timbers, arc used as ties between the faces. P'acc stones break joint, to avoid planes of 
weakness. Faces of walls next to drift are battered 3 to 4 in in height of 7 ft. Rock of 


Baltic lode tends to break into tabular forms, convenient for facing walls; stones are 
shaped by hammers where necessary. Top of gangway is covered with lagging on caps 
(waJl-pieces) spaced 3.5-ft centers; pressure from wall-piccos is distributed by a 2 by 12-in 
plank on top of wall. Fig 397 shows construction where lode is too narrow for two 4-ft 
walls; a wall of usual width is built along footwall, where heaviest pressure from Ailing 
occurs; hanging-wall ends of wall-pieces rest on a horiz timber A, 2 in or more in ihiokness. 


supported on posts under each wall-piece. Timber A 
is spiked to each post; a narrow stone wall is built 
between posts, and space behind Ailed with waste. Such 
composite walls are adequate along hanging wall of 
narrow parts of lode and cost less than those in Fig 396. 
Under wide stopes, a 4.5-ft or thicker wall is required 
to withstand side thrust of Ailing; 3.5 ft is the mini¬ 
mum width of a strong dry wall. I^g 398 shows gang¬ 
way construction where suitable waste is not available 
for walla like Fig 396; 3-aided cribs (pigsties) are built 
on each side and Ailed with waste. Such wails stand 



well, but fail when timbers rot; in these mines ventila- Fig 398. Cribbed Gangway 


tion is good and timbers last 6 to 7 years. Dry walls 

can be repaired by rebuilding small sections under protection of a false set which sup¬ 
ports ends of wall-pieces over section under Tepair. 

Dry-wall chutes (mills) are built at intervals of 30 to 70 ft; practice favors longer 
intervals and the use of cars in stopes for handling ore. Construction of such chutes is 
shown in Fig 399. The larger stones are used in inner walls to withstand wear of falling 
ore; outer wall takra most of thrust of Ailing; central core of loose stones allows 
outer wall to adjust itself somewhat to pressure, without disturbing inner wall. Walls are 
started from timbers, which are protected from wear by placing rocks above to overhang 
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about 4 in. Chutdf are built in sections 5 ft high; walls of a new section are started 4.S ft 
thick at level of the stope filling and taper to 3 ft thick at top. Mouth of chute is about 
4,33 ft wide by 3 ft high in the clear; timber B, about 8 ft long, is built into the gangway 
wiUl and senres as a lip-pi^ for fastening chute gate. Vert chutes are easiest to build 
and maintain; where lode is narrow, some are vert for a few feet above the level and are 
then carried up parallel to the dip, but inclined chutes are avoided where possiblet 
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Fig 399. Dry-wall MUl Hole. After C. T. Rice (141) 

Cost of dry-walling under suitable conditions compares favorably with that of 
to replace it, largely because of its greater strength and life, and consequent reduction of 
maintenance costs for gangways and chutes. An incidental advantage of dry-walls is 
that, since less timber has to be lowered into the mine, more time is available in shafts for 
hoisting ore. 

Sloping and filling methods vai-y in detail with local conditions. Usually the drift 
and cutting-out stope furnish enou^ waste to fill spaces behind dry-walls before wall- 
pieces are put on; in case of shortage, tlic space on hanging-wall side of di'ift is filled; stop- 


1st Back Stope 


Wwte fining 


i^SEEEl 


Fig 400. Starting Stopes, Baltic Method; Longit Seo 


ing is then started on hanging-wall side, and waste sorted out. is used for filling space on 
footwaU side of drift. 

Fig 4(K) shows orj way of starting a stope; first back-stopc, 6 ft high, produces a pile 
of ore about 9 ft deep, the forward face of wUch, AB, protects lagging when the cut CDEF 
is blasted. Sorters at 5 work the ore through lagging into the level; waste is thrown back 
and to the sides. Where fiasibie, lagging is covered with waste before stoping begins. 
Before starting a second back-stope, chutes are built up, aud the stope filled to within 8 or 
0 ft of the back (Fig 40L. Interval between chutes must be adjusted to strength and con¬ 
dition of walls, BO that unsafe wall areas are not exposed between the fill and the pile of 
broken ore. Sorting does not usually furnish enough waste for filling; excess filling is 
obtained through a raise from above, by shooting out footwall, by driving inclined raises 
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into wftlls, or bgr sand filling (see below). W. H. Scbacht steteB: of total fill uaed at 
Champion mine, in 1920-23,43% came from sorting in stopea, 16% from footwall explora¬ 
tions, 15% from poor backs, none of which required handling, hilling requiring handling 
eominiaed: 12% from walls, 9% from development, 6% sand fill. Total fill, including 
sand, 60% of tons ore broken. Fig 401 shows second back-stope; a 1-ton car convejm ore 
to chute; waste is thrown back and aside; in higher bank-stopes, waste may be trammed 
to a point like F (Fig 404). As stope face advances, mills serve alternately as chutes and 



CSOtS^SB 


PIAORAMMATfC sec IN PLANE OF VEIN 

Fig 401. Back Stoping and Filling, Baltic Method 

ladderways. Successive back-stopes are carried to a height of 60 to 76 ft; questions of 
safety, cost, and economy of timlxtr led to adoption of method in Fig 404 for mining the 
remaining level-pillar. 

Irregular distribution of copper in lode requires operation of a large number of stopes 
to maintain regular output; individual stopes advance slowly; removal of level-pillar 
destroj’s gangway above. These conditions, combined with practice of mining outward 
from shafts, often require a level-pillar to stand untouched from 3 to 8 years, during which 
time ground becomes heavy, and unsuitable for flat-back stuping. It is proposed to apply 
Baltic method as a retreating system, to shorten time before level-pillars are mined; then 
a larger level interval might be tiossible, as well built stone chutes stand wear of falling ore 
for long periods. Width and dip of lode arc also related factors influencing level interval, 
as chutes should be vert, if possible (Fig 4U'l). 

Sorting is done carefully by spedal men; rock showing even a speck of copper is sent to 
chutes. Large boulders are broken and the pieces examined; bosses decide whether fine 
rock, requiring shoveling, shall lie classed as waste or ore. Few fines are produced in 
breaking, hence loss of fines in filling is small; a layer of fine waste, placed on top of the rock 
fills in stopes, eases work of shoveling; fines maj' be recovered by skimming off an inch 
or BO of this when the stope is cleaned up. (See Mining level-pillars, below.) 


Mechanical loaders, as used in stoites (482), are shown In Fig 402. The shovel (a) is a special 
Tbew Electric, with a 20-hp motor and caterpillar tractor, loading into a hopper (5), which discharges 



onto an armored picking belt (c). Waste picked from belt is used for fill. Belt outfit weighs 16 tons; 
length, 24 ft, with 12 ft effective for picking; width, 4 ft; height at discharge end, 8 ft. Picking 
surface is of treated fir slats, 4 in thick, with cast shoes at ends, covered with 0.26-in steel plate 
and oonneoted by links. Shoes run or slide without rollers on oiled angle-iron track. A shock 
platform at loading end cushions the impact of a dipper (Vs cu yd) of rock. When in use, belt 
frame is anchored to track by 2 wheel-olamps; it is manned by 2—4 pickers: speed of travel, 6-8 ft 
per min; about Va of rock broken is rejected. Belt delivers to a 4-ton, hop^r-bottom dump 
car (d). This loader delivers lower-grade ore'thaii hand loading; its iisn appears justified only dur¬ 
ing labor shortages. For details, see Bib (482), and See 27 
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BrMldflc grotuid in flat-back ctopas is done with breast holes 7 to 10 ft deep (Fig 
400, 401). W. H. Schacht in 1023 (555) states that breaking ground is done in horiz 
slices 4-5 ft high. One row of flat holes is drilled across the back; distance between 
holes, 5 ft; depth, 7-10 ft. Drifts, of full width of lode (10-30 ft) and 10 ft high, are 
advanced by first blasting a cut at one side of the drift, then taking successive vert dices 
across the face. Slices are 18-24 in wide. Depth of holes, to 10 ft; 20-40 holes are 
required to square a cut, depending on width of drift, character of ground and copper 
content. Heavy, mounted, wet hammer drills are used in both stopcs and drifts; 30% 

ammonia powder in stopcs, 40% in 
drifts. Distance between back and top 
of filling affects height of back-stopks 
taken; enough muck must be made to 
afford a place to set up drills; for usual 
relations between these factors see Fig 
401; if filling is low, a high pile of 
broken ore may be obtained by work¬ 
ing 2 back-slopes simultaneously, with 
their faces close together. 

Mining level-pillars (locally, “cav¬ 
ing pillars’’). Work begins at a raise at 
the boundary, or at a point midway 
between shafts, and retreats to shaft- 
pillars. 

A rill slope (Art 38, 65) is started 
from bottom of the raise; cuts are in¬ 
clined at angle of repose of filling. 
Kg 403, Mining Level-pillars, Baltio Method which is 40®; miners work on waste, 

which is dumped through raise as fast 
as ore is sorted and removed. Slope is enlarged to dimonsions as in Fig 403; all 
broken ore is then cleaned up and portion L of the 8-ft pillar remaining under the level 
is shot down from wall to wall. This allows dry-walls and filling in old stope above to drop; 
projecting stub M of the 8-ft pillar keeps open a vert space 6 or 7 ft high along face PN. 
Hock-filled cribs are put in at toe of stope, when needed. Rest of level-pillar is rained as 
in Fig 404. Stope-drills are used, putting in 5 to 6 half-uppers, 6.5 to 7 ft deep per drill- 




LDNGIT see IN PLSnr OF VEIN CROSS-SEC X V 

Kg 401 Mining Level-pillars, Baltio Method (Diagrantmatic Sections) 


shift. Usual crew, 2 machme-men and 2 sorters. After round at A is blasted, holes C are 
drilled. Then all broken ore in G is sorted out and removed; 3 men may take 1 or 2 weeks 
in cleaning up the sto'jc. Next, round B is blasted; waste runs m from above; sloping 
face of stope is kept open by the stub of pillar left at C, and process is reiHsatcd. Holes at D 
for starting a new slice may be drilled licforc braken ore is removed and while the back there 
is easily accessible. Practice of drilling holes at C before they are needed is a safety pre- 
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caution, as the stub must stand for a considerable time and the ground becomes dangerous 
to wolrk under. In narrow parts of lode or in strong gi-ound, rill stopes for mining level- 
pillars may be carried with stepped faces (Art 38). Ground is broken with breast holes, 
which are more eSic than uppers in this lode, but barring down takes longer, and this method 
is not so safe as that in Fig 404. 

Sorters work at E, and along face of pile of broken ore; waste rock may be piled at sides of slope 
or dumped at F. Two chutes must be kept open, one for ore and one for a ladderway. At the end 
of a stope, a mill is built close to the shaft-pillar and anotlier about 2o ft away; when toe of fill 
eovers the latter, stoping is stopped and the remaining piece of level-pillar is abandoned. Oi« from 



IUf4 IxMi UiMr Ifotg:. Plpgi ft ft lottg, T« ohuc* o» raMV % Uo^tk, 
loviao bolta flip oaupUuf ptp*. 

SECTION THROUGH CENTER OF TANK I&Mtt mw laoRt^ illp wnipUag bMk, m 


Joint tndl tlfhtm bolti 

Fig 40,5. Sand-blowing Tank, ChampicSi Mine, Mich (F. W. Denton) 

stub ends of pillars fi and C (Fig 404) mixes with waste, which rushes in from above when they are 
shot down; about 50% of this ore is lost in the filling. Filling druivn downward in mining level- 
pillars is replcni.shed by waste from development, dumped Into stofics at surface or from an upper 
level. Filling will readily work down llirough 5 0 levels; hence, at intervals, levels must bo kept 
open for tramming waste in stopes below. I'lllurs under these levels are perforated by raises. 
Uest height for level-pillurs is about 3,'> ft; smaller heights do not take full advantage of low cost 
of ore from pillar-niining; if higher, the back may become bad before top cuts can be taken, and 
it IS difficult to work broken ore down the longer ^lopc of the filling to the sorteis. If patches of 
unmiiied low-grade ore occur over a level-pillur during stoping, raises are carried up through such 
areas to tap the filling m stupes above. 

Sand-filling. Mill tailing, called sand, is hauled back to the mine in 40-ton R R cars, 
to supply some of the excess filling requircil in fiat-back parts of stupes. 

At Champion mine, the sand is dumped at surface into a raise, roiiglily parallel to No 4 hoisting 
shaft and extending to 17th leveL Sand is drawn at any desired level through ohute-gatee into 
36-ou ft, bottom-dump, hopper cars, moved by electric haulage. Where sand-filling is practiced 
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kvwla m 0 Qnn«et«d to stopoB below, at interval of about 300 ft, by 4 by 4 to 4 by O'ft raiaea 
throuflb which the sand is dumped. SaKo-BLOwiHG tanks, operat^ by compressed air, have been 
used to distribute the sand laterally in the stopes (Fig 405, from F. W. Denton). Cylindrioal tank A, 
on a li^t angle-iron frame B, is set on top of fill under a raise, as at T, Fig 402. Bottom of raise is 
closed by a sollar, to which gate C is attached. Opening at top of tank has a counterweighted gate D, 
which makes an air-tight closure against gasket E. Tank terminates at bottom in a tee F, oonnected 
to a line of 4-in pipe K, laid on surface of completed fill and moved or extended us necessary. The 
Dresser ooupliiig is important, in allowing the pipe line to he deflected slightly at each joint. A 
connection is made at G with air line supplying the drilLs; valves H admit air to top of tank and to 
blower jet/. Opsbation: A tank of sand (L.'i ton) is drawn from raise through gate C; compressed 
air is turned on, forcing gate D tight against its gasket and putting the sand in tank under pressure. 
Under combined effect of this pressure and the blower jet, the .sand is forced through pipe line K, 
When tank is empty, air is shut off and a new charge of sand drawn in. By shifting the pipe line, 
the end of a new layer of filling is built up across full width of stops. 

Tank is operated by 1 roan: it works suenessfuliy with pipe lines 100 ft long; at 70-lb air pressure, 
some sand is thrown about 20 ft beyond end of a 70-ft pipe line. Observations on 15 runs (with a 
2d-cu ft tank, air pressure about 70 lb and 65 ft of pipe) gave following time results: for filling tank, 
20 to 35 sec; for adjusting valves, 20 to .^0 sec; for blowing sand, 1 3 to 1.5 min. 5(K)-1 500 cu ft 
free air is used per ton of sand. Ppced of work vanes with perrriitage of moisture in sand and with 
length of pipe. Life of pipes is 4 to C mo; wear is greatest with dry sand; pipes are turned frequently 
to distribute wear and ubtum max seivice. 

Recent stoping method. Data from A. Mendelsuhn (488) in 1931. Method oom- 
binea prliiciploa uaed 'm pillar mining (Fig 4U4) with those of aub-lcvel atoping (.iVrt 43). 

Rai.sos are 200 ft apart; from 
thorn, at points 33 ft and 67 
ft above rail, sub-drifts are 
driven in both directions, at 
the full width of ore. Power 
acrapvrs. with 16-hp engines, 
deliver ore to raise; louse 
ground is supported on 
props, with 6-in headboards. 
Sloping IS shown in I*ig 400. 
Miner drills holes parallel 
to angle of repose of hll 
(about 38'^) using 4-6 boles 
act OSS slope, depending on 
its width; holes are 10-12 
ft deep, with 3-ft burden. 
Round is blasted against 
the fill. “CopiH-T rock” is 
sorted out, loaded into a 
sniull car and trammed to 
raise. Breast advances up 

Fig 406. Sub-level, Inclined Cut-nnd-fill Method, slope to within 4 ft of WMto 

Champion Mine, I'aiiioadale, Mich (4K8) above; last round is drilled. 

but blasting delayed until 

sorting is completed and cut ready to he tilled. Most copper rock from final round is 
found at bottom of fill after blasting. During 1930, on basis of all underground lalxir, 
3.04 man-hr were required per ton of ore; explosive, including that used in development, 
was 1.3 lb per ton; exclusive of development, 0.8 lb per ton. 

64. CROSSCUT METHOD 

CroMCttt method is used for wide veins or masses, with weak walls and weak ore which 
will stand unsupported only over small openings. Ore is mined in horiz stices, in ascending 
or descending order and in small sections, each section being filled before the next is begun. 

a. Slices Taken in Ascending Order 

Derelopment (see Fig 407; consists of footwall drifts D, crosscuts E, shaft F, and raises 
G to connect drifts at intei vals of 40 to 60 ft. A slice is removed as in section X Y. From 
D, crosscuts A are driven to hanging wall and filled through O with waste from level above. 
Crosscuts C are driven and filled; finally portions B are mined and filled. By breaking 
down the back of D, another footwall drift is then formed, from which a second slice is 
taken by driving and filling crosscuts, and so on to top cf the lift, D ia kept open by 
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timlbeHiiit or dry-waUing for handling ore from lift above and filling to lift below; footwall 
drifts for upper slices are filled as soon as the slice they serve is mined. Broken ore from 


upper slices is handled to D through chutes H, built up through the filling as stoping pro> 
e^s. Several slices in a lift and several 

lifts may be worked simultaneously, pro\'ided 1[ & 

workings in upper slices and lifts are kept in K 

advance of those below. R 

Ore and filling are handled in crosscuts % K 

by shoveling, or in barrows or small cars; B 

much of the filling must be shoveled into B 

place in the crosscuts. H h 

In some cases, successive crosscuts are nWtiynTnnn/W a » 

contiguous instead of being driven in groups B » 

of 3 as in Fig 407; then, if ground does not n K 

require immediate support, waste may be m B 

sorted out in a crosscut and thrown back ^ K 

into the previous one (245). B 

Crosscuts are 6 to 8 ft high, and 6 to 10 ^ 

ft wide, or as wide as strength of ore allows. ^ ^ y 

Where necessary, they are timbered with 'VERT 6EC W V 


;wf}?.vTwM 


Wm. 


light sets, or stulls and head boards, sido> 
lagging being used to prevent runs of filling 
into adjacent workings. 

Fig 408 shows timbering at the Pno- 
PBIETARY MINE, Broken Hill, N S W, where 
this method has had a limited use. 10 by 
lO-in struts iS, ninuing along the sides of 
crosscut, are supported by corbels on the 
posts; the back is carried by lagging on 
cross-pieces D\ diagonals E arc put in where 
required by pressure. Rets are about 6 ft 
apart; their size depends on character of 
ground and length of tbnlier available. 
About 67% of the timl>er used is recovered 



HOR'Z 6E0 XY 
Fig 407 


on opening a new slice. The tapered shape of posts and the hole H (for inserting a 
piece of drill steel) aid in withdrawing them; or a chain and iever may be used (240). 

Breaking ground. First openings in lowest slice of a lift are driven like drifts (Art 20); 
adjacent crosscuts cost less, as ore is free on at least one side. Upiwr slices are broken 

cheaply, as the ore is always free on the bottom. 
At Cabezab nan Pasto mi.ne, Spain (248), contract 
price for mining the lowest slice averaged 50fl per 
ton; for second slice, 25^. 

Mining topmost slice under overlying filled stopea 
requires care. Plank or lagging may be laid on floors 
of crosscuts in bottom slico, to prevent rune of filling 
when stope comes up from lielow; sometimes filling 
Pig4^. Crmratl^i^ering, beemmes so compact that this is unnecessary. Top 

ro en lU, N B W crosscuts may be spiled under loose filling. 

Level interval. The maximum is usually 65 to 70 ft (246). Filling can not be packed 
absolutely tight into crosscuts, and each layer settles somewhat under weight of the back. 
Successive subsidences cause ore above to crush, and increase difficulty and cost of mining 
upper slices; this effect increases with height of lift and weakness of ore. 



At Chapin mine, Mioh, where this method was formerly 
used, settlements of 10 ft in a 100-ft lift are said to have 
occurred (247). At Canbzab dxi. Pasto mink, Spain, the 
filling was coarse quartsite, quarried on surface, and so firm 
that no subsidenoe of surface was noticed (248). In some 
plaeee aubeidenee oenum beoauae the top eliees of lifts aie 
incompletely filled. 

Several varistions. are posaible. Haulage drifts D (Fig 
407) need not be on footwall, but may be in any part of 
deiKieit or in wall rook. Crosseuts A, B, C, may run in any 
desired direction through deposit; large horses of waste may 
be left in place. Fig 400 shows application to an irregular 



Fig 400 
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massive deposit, opened by shaft S. Usually brst work on a level is to outline orebody with a 
closed drift A; then haulage drifts and crosscuts li can be placed in best position; one arran^ment 
of crosscuts for slicing; is indicated by dotted lines. At least one main waste raise R is desirable. 
For further detail and other variations, see Bib (240, 24.5-249). 


b. Slices Taken in Descending Order 

Practice at Tiro General mine, Charcaa, Mex, illustrates this variation of crosscut 
method. Data from H. Willey (241) in 1930. Ores are complex svilphides with varying 
amounts of sphalerite, arKcntifcrous galena, and chalcopyrite. Principal orebody occurs 
in fissure vein dipping about 70°. Stoping widths are from a few ft to 90 ft, aver about 
30 ft. Both walls generally weak, and ore badly fractureil. Top-slicing (Art 72) was 
not adopted because of necessity of maintaining upper levels. Development consists of 
footwall drifts at 100-ft vert interv'als, and 10-12 ft outside of vein, connected by 2-(:ompt 
footwall raises 100 ft apart, and not less than 0 ft outside of vein; footwall drifts and 
raises are made to conform to vein irregularities by driving jiilot drifts in the vein, with 
crosscuts 100 ft apart, liaises are timbered with 2 indciiendent sets of cribbing of 10-in 



Fig 410. See through Ore Pass, Tiro General Mine, Charoas, Mex (241) 


round timber, with .3-in plank lining, leaving clear openings 3.3 ft scinare; in damp places, 
this timber is creosoted. Sill floor is developed by square-setting with 8-in round tim¬ 
ber, 5 ft c-c. No sills are placed under the posts, but sills of two 3 by 10-in pine planks, 
best not less than 10 ft long and overlapping not less than 2 ft at joints, are laid from foot 
to hanging wall between the row's of posts, resting evenly on broken ore tamped under 
them. Space between sills is then leveled with broken ore. on which a floor of 2-ia plank 
in 5-ft lengths is laid, their ends resting on the sills; gaps between posts are covered with 
short pieces. Square-sets are back-filled to within 2 sets of working face. Slicing. To 
start the first slice, a 6.5 by 5-ft crosscut is driven from the ore pass 12 ft vert below sill 
floor, penetrating about 6 ft into vein (Fig 410). From its eiul, narrow footwall drifts 
run 50 ft in both directions, taking the 12 ft of ore up to the bill floor, vert lO-in posts 
6 ft c-c being used to ' atch up the sills above; these posts are 11 ft long, large end up and 
squared, with head-blocks 10 by 10 or 8 by 8-in; posts are wedged at bottom, which need 
not be squared, and set without sills or footboards. If footwall is slippery, the drift may 
be driven farther out in the vein; or if vein is so wide as to require mure than usual time 
to complete a slice, the drift may be timbered with battered posts and caps, salvaged later. 
These sub-level footwall drifts are no larger than alisolutely necessary, os they have to 
remain open until slice is finished. From one end of sub-level drift, a crosscut runs towards 
hanging wall, catching up the overhead sills with 11-ft posts and 10-in headblocks, 5 ft c-o. 
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Aa tluB 'voasout nears completion, a second and adjoining crosscut is begun. The 10>ft 
space thus opened is floored with sills and plank as on the sill floor. Between the last 
2 sets in the sub-level drift, 6 ft above the floor, a orossout is driven into the footwail; 
from its inner end an inclined raise is put 


up to the side of footwaU drift on main 
level, cribbed with 8-in round timber and 
lagg^ to give 2 independent chutes 3 ft 7 in 
by 2 ft 8 in clear; one is a manway, other 
a waste pass. Waste from this w'ork is 
piled to depth of 6 ft on floor, supported 
at sides by 2-in bamboo poles (cheapest 
available material) laid against the posts. 
Successive 5-ft segments across the ore- 
body then follow similarly. When one 
segment has been filled to 6 ft, back-filling 
to full height begins at hanging-wall end; 
space of one set nearest football is left 
open for handling waste in Imrrows to 
remainder of slice, this passageway being 
filled last when slice is finished. Meantime, 
similar extraction and filling has begun at 
other end of 100-ft block; one end of next 
lower slice can thus be started before upper 
slice is finished. Fig 411 shows stages of 
stoping. 

Success of this method is due largely to 
avoidance of permanently open passage¬ 
ways through filling; uniform transfer of 
pressure to filling is also aided by deliberate 
lack of vert alinement of posts and ab¬ 
sence of sills or stringers under them. 
Simplicity and routine operations are 
favorable features where labor is imskilled- 
Nearly all timber is lost, but is less in 
amount than by square-setting. Compared 
with former square-setting, saving in cost 





per ton by slicing method is estimated as 
follows: In now ore; labor, lO.fifl; explo¬ 
sives, 0.8^; timber, 41.If^; total saving, 
52.5^. In old workings: labor, 10.2^; ex¬ 
plosives, 1.1^; timber, 27fi; total saving, 
38.3^. 

Output per man-shift is about the same 
(1.44 ton in new ore, 1.34 ton in old work¬ 
ings) as with square-setting. Aver output 



(12 shifts per week) from a 100-ft block 
is about 1 000 tons per mo. Recovery is 
practically 100%, compared with 95% from 
square-setting. 

c. Summafy, Crosscut Method 

Crosscut method allows safe and com¬ 



plete extraction of large, weak orebodies _ LEGEND 

of almost any shape, without serious surface fgssi unbroken ore 

subsidence. Cost of development is high, W/WA yuicd to.helght at 6 Hi 

owing to the small level interval and fre- mmi nack nu completed 

quent necessity for driving haulageways Tiro General Mine, Cbaroas. Me. (241). 

and waste raises in country rock. Cost of Plan of stope floor, showing 5 stages of mining 

shoveeling larg amounts of ore and filling is 

unfavorable to use of this method in the U S. Timber consumption is low, if ore will stand 
over back of a crosscut until it is filled; even in weaker ore, less timber is used than in 
top-slicing (Art 70-74) or filled square-sets (Art 46), which are alternative methods afford¬ 
ing complete extraction; caving methods ate preferable if surface need not be supported. 
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CroMout method !• sometimes advantageous for mining level-pillars in bad ground over 
filled flat-back stopes. At Rio Tinto, old pillar and chamber workings (Art 42) were re¬ 
mined by this method (549) 


66. PILLED RILL STOPES OR INCLINED CUT-AND-FILL STOPES 


General daU are given in Art 38 (Fig 222, 223). Filling is run into a rill stope through 
the raise from which it was opened, which enters the stope at its highest point. Filling is 
distributed largely by gravity. By inclining the stope backs at the angle of repose of 
filling, the surface of the filling will be parallel to back of stotie (Fig 412), and therefore 
convenient for supporting men and walla; a sloping surface of fill also aids in moving 
broken ore to chutes. 

In narrow stopes, little or no shoveling may be required for handling filling or ore. In 
wide stopes, filling builds up cone-shaped under the raise and must be moved to sides 

of stope by shoveling or mechanical scraping; __ — 

similarly, broken ore must be moved from 
sides of wide stopes to chutes. See examples 
below for modes of reducing shoveling in 
wide stopes. For field of use, see below; 
also under Comparison with flat-back stopes, 

Art 66, 





8EC IN PLANE OF VEIN 
Fig 412. Starting Kill Stopes, Kalgoorlie 
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SEC IN PLANE OF VEIN 
Fig 413. Rill Stopes, Kalgoorlie 


Kal^orlie, Australia (251, 267, 258, 140). This is an old but classic example of this method. 
Filled rill stopes were used in narrow, vein-like deposits of gold telhiride ores, occurring as lenticular 
shoots of quMts or mineralised country rock, chiefly in amphibolite schist. Method was not applica¬ 
ble on dips flatter than 35®; usual dips were steep. Devklopuent. Ideal plan was to run levels 
^ ft apart, connected by winsea W (Fig 413) at intervals of 160 to 200 ft; winses were sunk on 
hanging wall to minimise handling of filling. A flat cutting-out stope, 7 ft high, was taken. I.evels 
were timbered with stuUs for widths to 14 ft; for greater widths, with saddle-back stulls (Art 38). 
Stulls were 5 ft apart, and lagged with 4-in poles covered with old filler cloth, pieces of cyanide cases, 
etc, to retain fine filling. Chutes were started about 60 ft apart, at points A, midway between 
winses IF, and at quarter points M (Fig 412). Stopino and fillinh (Fig 412, 413). Slope of 
stope face was about 37®, and rill cut was generally adopted (Fig 223, Art 38). Stopes 10 to 14 ft 
high were firrt opened at foot of winsea W . Broken ore was loaded into cars in level, through spaces 
made by taking up 1 or 2 lagging poles, and waste was dumped in through winse from level above. 
Subsequent mohned slices were 8 to 11 ft thick; operations of sloping, cleaning up broker, ore, and 
filling alternated. Tope of chutes M were kept level with filling. When adjacent stopes finally 
intersected above pointe A (Fig 412), chutes M were abandoned and all broken ore was handled 
through diutes P (Fig 413j. (phutes were 4 by 4 ft clear, usually cribbed with 7-in round timber; 
occasional manways were provided by building 2-compartment chutes. Cribbed chutes wore also 
carried up on line of original winses IF, if these were used for running filling to lift below. Sand 
(miU tailing), used for filling, was stacked on surface until moisture content was less than 25%; if 
wetter it tended to clog winses. Belt conveyers were often used to distribute filling, as at C (Fig 413); 
then only one wince needed to reach the surface. Even with winses on the hanging wall, some fiHin ff 
always had to be shoveled in stopes to edge of rill. In rich ore, plank floors were laid on faces of 
fill to avoid loss of fines and help ore to slide to chutes; old filter cloths were sometimes laid under 
the floors. Floors were usuallr omitted, involving the removal of a few inches of flUiug with the 
ore from each slice (83). Slopes near top of lift could not be filled through original winses IF* aux¬ 
iliary roisea B (Fig 413) were put up to handle filling. 


P«rk City Consol Mines Co, Park City. Utah. Data from G. M. Wiles (244) in 1936. 
Fissure veins in quartsite carry high-grade silver ore, with small amounts of Au, Pb, and 
Zn. Vein gangue is largely massive and sugar quarts, or uncemented conglomerate-like 
rock. Walla vary in strength from blocky quartsite to a shattered gravel-like material. 
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Dips, Vert diaft was sunk to 400 level; from which 2 inclines follow separate 

veins to 900- and 1 000-ft levels respectively (1936), Level interval, 100 ft. Origin^ 
stoping was by shrinkage (Art 68); change to inclined cut-and-fiU was made because of 
serious dilution and loss of ore in shrinkage mining. 

Open stuUed stopos are occasionally used in narrow 
veins. Drifts under stopes are timliered as in Fig 414; 
timbers, set in hitches, permit recovery of level pillar 
below without disturbing the drift. Inclined cut-and- 
fiU stopes are opened by driving, at 100-ft centers, 

3-compt raises, middle compt being a manway. Chute- 
pockets in drift sets are 16 ft e-<!. Stoping cuts start 
from raises and aie carried on a slope of 60® (Fig 415). 

Drilling is with hand-rotated stopers; holes are usually 
short, but may be 8-ft deep whei-e walls are firm. 

Explosive, 30% gelatin dynamite. Before starting new 
cuts, waste is run into stope to within about 2 ft of 
back; 2-in flooring is laid on thv* waste before breaking 
new cut. Height of cut is 6-12 ft, depending on strength 
of walls. On completing a cut, floors are swept and 
taken up before another run of waste is added. Stop¬ 
ing labor is about 1.44 man-hr per ton; explosive 
consumption. 0.55 lb per ton. 

Wnght-Hargreaves mine, Kirkland Lake, Ont. 

Data from L. B. Smith (176) in 1934. For geol features 
and other data, see Art 39. Inclined cut-and-fiil meth- Fig 414, Gangway Timbering, Park 
od has been used on both North and South veins. City Coaeol Mine, Park City, Utah 
Level interval, l.'iO ft. Raises Jl (Fig 416) are 300 ft 

apart. Backs of drifts are first taken down, and sill timbers placed (Art 39). Chute- 
pockets are 15 ft apart. Stoping starts on each side of raises; face is in steps 8 ft high 
and 10-12 ft long, giving general slope of about 40®. Waste filling is brought to within 4 
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Longit Sec in Plane of Vein 

Fig 41.5. Rill Stope, Park City Consol Mines Co, Park City, Utah (244) 



or 5 ft of edge of out. Flooring of half-rounds is laid on the fill. Miner starts on lowest 
bench, takes 2 rounds ahead and moves up to next bench. When raise is reached, the cut is 
complete; broken ore is then drawn and roof scaled. Flooring is lifted and stored on stuUs 
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Longit Sec in Plane of Vein 



Fig 416. Filled Rill Slope, Wright-Hargreavea Mine, Kirkland Lake, Ontario 


close under the back, until ready to be relaid on new fill. When cuts from adjacent raiaej 
meet, manway M is maintained, with a chute on each side. When the stope breaks into 



Fig 417. Ideal Longit See of Rill Slopes, Victoria 
Mine, Biitannia Beach, B C t49S) 


the level above, stulls are used to sup¬ 
port haulage-way timbers; normal 
haulage continues on level broken into. 
Method of stoping has been found safe, 
rapid, and economical. 

Victoria mine, Britannia Beach, 
B C. Data from C. V. Brennan (498) 
in 1935. Fissure veins carrying chalco- 
pyrite occur in highly fractured 
volcanics. Ore and walls are gcnei^ 
ally weak; square-set mining is used 
chiefly, but many narrow veins are 
adaptable to inclined cut-and-fill. Dis¬ 
tinctive feature is mode of breaking 
ground; holes are drilled toward 
chutes, at angle of 20° below horis 
(Fig 417). Cribbed chutes and man¬ 
ways ore of 10 by 10-in timber. Fig 
418 shows sill timbering. For de¬ 
scriptions of this and other methods 
(chiefly shrinkage) at Britannia Beach, 
see Bib (562, 592). 

Butte district, Mont. Data from 
H, L. Bicknell, W. B. Daly and others, 
1921-1923 (534). For ore character¬ 
istics, see Art 46. Normal level inter¬ 
val is 200 ft; when orebody is wide 
and near shaft, 100 ft. FiUed rill 
stopes used in narrow veins, where 
ore and walls require no immediate 
support. Pig 419 shows mode of 
starting a rill face by taking 3 succes¬ 


sive 8-ft slices X. F and 2, each starting at the raise and advancing toward middle 
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chute (Fig 420). Slioea are 6, 4 and 2 seta long respectively. Ore from these is handled 
through stop tearda laid on caps of sill seta. Then sheeting S (Fig 419) of 4 by 10-in 
plank is placed 30 in above sill-set caps and supported by 10 by 10-in posts, caps, and 
stringers; this protects sill timbers from wt 
of the fill, and permits repairs without inter¬ 
fering with tramming. Lagging is nailed to 
stope side of raise, a bulkhead is pxit in raise 
near peak of stope, and waste is run into stoi)e 
to within about 5 ft of the back. Pig 420 
shows a stope fully opened, with the middle 
chute built up; two methods of breaking 
ground are indicated. Fill is covered with 
2-in plank laid on cross pieces of 2-in lagging 
before blasting. Ore is sorted on grizzlies 
over the chutes; for details see Art 90. 

When uv^por ends of rill stupe reach to within 
6 sets of level above, the reaiaining V is 
usually mined as a square-act rill stope (Art 
46). Square-sots stand on sills laid across 
the stope; sills are cmbiHlded in the waste, 
and held from sliding down the sloping far» 
by girtwiso braces and blocking to the walls. 

By similar methods a stfijHj can lie changed 
at any elevation into a stjuare-set rill stope, 

if weak ore or walla are encountered. The level-pillar, 5 seta high, at top of slope is 
minud by ordinary square setting. 
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Fig 418. Typinal Sill Timbering, Victoria 
Mine, Britannia Beach, B C 


Parral, Chihuahua, Mex. Data from A. H. Hiibbcll (104) in 1036. Lead-zinc ore occurs in 
fissure veins in andesite. Width of ore, 10-126 ft. Shrinkage is used where possible, but inclined cut- 

Biid-fill where ore is wide and walls are 
bad. Fig 421 shows novel application 
of latter method. Chute raises 16 meters 
apart are driven from drift in ore iieai 
banging wall, or from croescuts, as in 
Fig 421; ore is silled out above level, 
leaving a pillar 3.6 meters thick. First 
cut is 8 ft high; second, 6-8 ft; ore is 
scraped to chutes. Fill raises R, 30 ft 
apart, are driven from back of cut to 
level above, being located midway across 
the Stope width or near hanging wall. A 
foot wail drift D is driven on the level 2-3 
meters in footwall and footwali raises P 
from this drift connect the levels at 
30-meter intervals, midway between the 
fill raises. From raises F, branch chute- 
raises B are driven to the stope, start¬ 
ing just above back of footwall drift. 
After fill has been run into the initial 
stope cut, lines of square-sets are started 
on the opposite each chute raise 
* from the footwall drift. Each line of 
square-sets forms a trench, the top of 
which is always at bottom of the rills. 
Ore broken from faoes of inclined slices 
Fig 419. Opening a Bill Stope, Butte Distr, Ams to the trenches, where it is diverted 

Mont (534) to footwall chutes. Grisslies at top of 

the trenches restrict the size of boulders 
delivered to chutes. As stope advances upward, the initial footwall chutes are replaced by others 
driven successively at higher jioints from main footwall raises, as in Fig 421, Sec C-C. 

Campbell orebody, Phelps Dodge Corp, Warren, Aris. Data from H. M. Lavender 
(91) in 1930, and from Robert Lenon of Co’s Copi>ei Queen Branch in 1938. Orebody 
is a massive-sulphide replacement deposit in limestone; ore minerals, chiefly chaleopyrite 
and bomite; gangue, limestone, silica, and pyrite. On 1 600-, 1700-, and ISOO-levels, 
orebody is about 500 ft long; width, 50-260 ft; continuous from 1400- to below 2 300-levol. 
Dip is generally steep, but varies locally from 25“ to 90“. Footwall usually well deflned; 
hanging waU, subject to greater irregularity, varies from an economic limit of low-copper 
content to a sharply deflned limit conforming with local bedding planes. Grade of ore ir 
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relatively high and oalla for mining method giving high extraction. Homogeneous 
nature of deposit obviates need of sorting. Both ore and walls are strong. The hard 
ore requires heavy blasting, to avoid making too many boulders. DnvnnopMBNT. There 
are 2 vert hoisting shafts, and 2 ventilation upcasts. Level interval is about 100 ft; 
alternate levels are equipped for trolley haulage. Haulage-level drifts and crosscuts, 
6 by 8 ft to 7 by 9 ft, have 18-in gage track of 25-lb rail, with curves of 22.5 to 30-ft radius. 
Intermediate-level drifts and cross¬ 


cuts, formerly 5 by 7 ft, are now 6 
by 8 ft, with 16-lb rail. I.evel de¬ 
velopment depends on size, shape, 
and dip of orebody, in accordance 
with stoping plans. General flan 
or BTOPiNG. Orebody is divided 
along the strike into stoping and 
piUar sections; the former mined by 
inclined cut-and-lill; pillars usually 
recovered by Mitchell slicing (Art 
55). Until recently, the orebody was 
divided into 2 adjoining stope sec¬ 
tions, each 4.>-50 ft wide, separated 
from the next 2 sections by a 45-ft 



A-yormer srstem of aectionnllzlng, with 
two types ol stope lievelupment 


pillar (Fig 422 A), the Mitchell slices 
in pillar mining running .strikewise. 
More recently, orebody is divided 
longit into alternate stope and pillar 
sections of 36-48 ft (6-8 sets) and 18 
or 30 ft, respectively (Fig 422 B); 
18-ft pillars are mined by full-width 
slices as far os practicable; 30-ft pil¬ 
lars are to be sidit by a row of 
“single-leads” (square sets), the 
resulting 12-ft pillars mined by 
Mitchell slices. Slopes arc usually 
mined in lifts of 200 ft, from one 



B-Present syntem of secUonailzIng, with 
development for stuping 


haulage level to next above, with 
pillars one above another. Stopiis 
are mined as single sections from 


Fig 422. Systems of Dividing Orebody into Stope and 
I’lliar Sections, Campbell Orebody, Warren, Ariz 


wall to wall, where width of ore does not exceed about 75 ft. Where, as above the 
1 60()-level, width of orebody is greater (to 250 ft), stopes are sectionalized crosswise, the 
sections separated by a vert plane running strikewise. 


Double-lead atoping. This method, employed prior to the more general use of scrapers, 
required more timbering than present method to avoid hand shoveling to chutes. From a hanging- 
wail drift, crosscuts were driven along the outside of the 2 section lines forming the strikewise slope 
limits (Fig 423). These crossruts were then enlarged for standard seta (“stringer sets”). Posts were 

9 ft 2 in long, their faces being 30 in from center line of track. Bottoms of posts were 6 in below 
rail. Crush blocks, 6 by 10 in and 20 in long, were placed on top of posts, and over these was laid a 

10 by 12-iu cap-like stringer, about 13 ft long, with the greater dimension vert. This gave a dis¬ 
tance of 9 ft 2 in from rail to stringer. Sets were 5 ft c-c, with chutes in alternate sets. Silling 
started slightly above tope of stringers. During initial ;uttlng-out between lead sets and -bap.-i g 
the back for initial fill, ore was allowed to pile up to form a natural slide toward each lead. The 
Btope back was arched transversely and inclined upward from hanging to footwull. Initial stoping 
ineludod driving a fill raise along footwall and on center line of the slope section, the raise holing to 
the intermediate level above and often extending to next haulage level. Before the first fill, lead seta 
were started along the slope boundaries. Posts, 10 by 10-in and 7 ft 4 in long, were placed along 
the outside of each row of sets; posts on the inside row were also 10 by 10 in, but 7 ft 7 in long. The 
difference of 3 in in length allow^ for settlement in the rows next to the fill. Before filling, the stope 
bottom wae covered with a mat of scrap timber, sometimes laid on sills. “Lead sets" were lagged on 
the fill side with split lagging 3-4 in apart, or 2 by 12-in planks edge to edge. An advantage of the 
latter was that the gob, in settling, tended to slide along the smooth surface and thus reduce vert 
pres on the eets. As the slope advanced upward, the lead seta served as chutes. Fig 423 shows a 
seimrate chute carried from haaging-wall drift to supplement the chutes formed by the lead sets. 
Grizzlies of 10 by IC-in timber, spaced 10 in apart, were placed across the lead sets at elevations 
corresponding apprex with the intersection of sloping surface of the fill and the lead sets. With the 
filling of subsequent cute and raising the lead eets, these grizzlies, unless badly worn, were moved to 
the grizzly floor above. Occasional sets within the leads were left covered with worn grizzly timbers, 
or 4-in flooring, and broken ore was allowed to remain thereon to prevent a direct fall of ore through 
the seta, thereby reducing wear on the timbers. On completing a given cut, waste was dropped 
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throock the fill raise and assumed its natural angle of repose (about 37*). the stops back approx fol* 
lowing this angle. The fill was brought within 2-3 ft of the stope back and oovered with 2 by 10-in 
or 2 by 12-in flooring laid on 2 by 10-in ailla placed flush with surface of fill, flooring usually began 
10 It above lower edge of fill and continued to the top. Spillage of waste from flooring operations 
rolled to bottom or unfioored section, which was finally floored. Cuts, started at bottom of the 
incline, were carried up as in Fig 423; they were about 12 ft high and drilled with mounted drifters. 
Holes 7-8 ft deep were drilled paralM to the floor, with a burden of about 2 ft eaoh. Broken ore was 



Sec A-A, with portion of fill and ground Vert Sec, Parallel with Strike 

cut away at C. 

Fig 423, Iruslined Cut-and-fill Stope, showing former use of double-leads running parallel with 
Section Lines, Campbell Orebody, Warren, Aris (91) 

drawn concurrently with mining, but enough from each round was left temporarily to permit back 
to be reached for barring-down and setting-up for the next round. This undrawn ore protected the 
flooring during blasting. On completing a cut, the flooring was swept clean of fines, and taken up to 
be uaed again in the next cut. Following filling, lead sets were raised and lagged, flooring was re-laid 
and the new out started. During mining stages, boulders were “plugged” (block-holed) with jadk- 
bammera, usually on the mining floor, although, when necessary, on the grizzlies. 

Single-lead etopes. Use of ecrapera later permitted modification of the double-lead 
method. Only one row of load sets was uaed (Fig 424). The line of posts and caps 
was carried up along the opposite section lino and lagged to form a gob fence, thus obvi¬ 
ating the need of mor^ than one extraction crosscut. In single-lead stopoa, the fill raise 
was driven along the i,ection line opposite the lead sets. As in Fig 424, the raise is outside 
the section line, for the purpose of serving both stope sections. With this exception, the 
work in the single-lead stopes was done as in double-lead stopes. 

Recent practice. The extraction crosscuts and transverse lead sets have been elimi¬ 
nated. Drifts are run along hanging-wall aide of stope section, and from these a longit 
line of lead sets is carried up (Fig 425). Extraction drift is on banging-wall side of the 
leads, BO that the drift timbers have a protecting brow of solid ground, thus avoiding 
direct wt of the waste fill on stringers over the posts. As in Fig 425, inclined cut-and-fill 
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mining is now lued in most of a pillar section between 2 completed stopes, where the lead 
sets ruu strikewise. Ckie aide of the section is bounded by gob fencing; the other, by 
solid ground. Drift timbering is virtually the same as for extraction crosscuts in double¬ 
lead stoping; but posts are 9 ft 6 in long, instead of 9 ft 2 in, and stringeis aver 15 ft long. 
Chutes are still built in alternate sets. Cutting-out starts by driving a heading, 10 by 
16 ft or more in crossHsec, to footwaU limit of stope, which may be the footwall itself 
(Pig 425), or a vert section line previously established. After the heading reaches such 
limit, a fill raise is driven, unless already made by open sets left for this purpose in a 
previously mined footwall section. In Fig 425 a raise has been driven along footwall to 
the level above. Such a raise has no chute at the bottom, the broken ore lioing scraped 
away to allow access to the raise. On completing the fill raise and widening the heading 
to full stope width, the stope back is blasted and sloited upward toward footwaU, prepara¬ 
tory to filling and establishment of an inclined floor and back. Tins preparatory mining 
is done by shrinkage. Ore broken in the heading, the raise, and making the initial cut, 
is scraped into one of the chutes by a power scraper set over the drift. When preparatory 
mining has advanced sufficiently, "single-leads sets" and "gob-fence sets" arc started 
along the stope boundary lines Standard 10 by 10-in square-acts are used for aU single- 



leads; occasionaUy, 8 by 8-in timber for the gob fence. All sets are cap-butting and 
framed to make sets 8.5 ft high and 6 ft by 6 ft c-c of post^. A novel feature is the use of 
12-ft caps, so that each rests on 3 posts instead of 2. These "double-caps" give added 
strength and better alinoment. A manway set is carried up with the single-leads, some¬ 
times inside the stope-soction line, but generally outside, to provide a sound open sot from 
which to begin mining the adjoining section. 

Before beginning ^ng, the stope bottom is covered with a mat of old timber, or 2-in 
flooring nailed to sills of doubled 2 by 12-in planks laid on the solid on 5- or 6-ft centers. 
Flooring is laid parallel to the direction in which the slope below will be mined, and covered 
with a mat of scrap timber laid parallel with flooring. Other timbering details, and the 
general procedure of mining and filling, are about the same as for double-lead stoping. 
Power scrapers are now standard equipment, their hoists being moved from floor to floor as 
stope advances (Fig 425). In employing strikewise leads, the entire row of leads may 
reach the hanging waU tefore the stope has progressed far upward. If so, another row 
of leads, nearer the footwall, is started on a bench cut into the waste fill, and is con¬ 
nected with original leads by an ore-slide steep enough to eliminate need for a scraper. 
Fig 426 shows timbering details for this case. A footwall section of a stope 48 ft wide has 
been previously mined, and mining the hangpng-wall section is nearing completion. Two 
open sets in leads A of the old footwall section are being used as a fill hole for the new 
or hanging-wall section. The full height of section being mined is shown by height of line 
of sets B (about 100 ft). The section above has been mined out, the flooring of upper 
section beipg shown at C. 
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View across orebody ^ 
Looking toward lootwali 
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fig 426. Mining a 48>ft Section under a Filled Stope by Inolined 
Cut-and-fiU, Campbell Mine, Warren, Aria 
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In the new sc-cikm, the ground conditions wore heavier than normal, and doubled 
10 by 10-in stringers D were used over the drift posts. At an elev of about 40 ft, the 
economic hanging wall was reached. The original single-leads were cleaned down, 
lagged on inside, and waste-filled, except the manway set E, outside the slope section, 
and 3 sets F inside the section, which wore left open for an orcpass to chutes below. A 
new row of leads was then started at G, these being stood on 3 by 10-in sills laid on a 
bench cut into the waste fill. Two leads were used as ore-passes; the third, as a manway. 
The ore slide connecting the new single-leads with the original ones is at £f; the manway, 
at J. The part of the stope between ore-slide and gob fencte K was completely waste 
filled. Top row of sets in the newly placed leads were floored L, as a “rakeway.” Ore 
mined above, gravitating to this rakevray, was scraped to the chute-sets. When the stope 
reaches a height where the crown of ore beneath the mined-out section above becomes 



Fig 427. Typical Sec showing Converaion from Horis to Inclined Cut-and-fiU, United Verde Mine^ 

Jerome, Aris 


thin, the slope is sectionalised into 10-12-ft slices at right-angles to the leads. The first 
slice is taken on the side nearest the fill hole, and the mat or flooring above is caught up 
with Stulls and headboards as it is undermined. After this slice has been taken from 
hanging wall to the old section, the resulting hole is timliercd off from the pillar by single- 
cap sets, and from the ore on the stope side by building a gob fence of lagged stulls. which 
are 8 by 8 or 10 by 10 in and 10-18 ft long. The tops of the stulls may lie tied to deadmen 
in the fill of the completed slice, or to the single-cap sets opposite, by strands of old mine 
rope. The slice is filled as fai as possible by dumping from the level and backfilled under 
the mat by hand. Successive slices are similarly taken until the entire crown has been 
removed and the section completely waste filled. 

Costs. Figures in Table 42 include only direct charges of labor, explosives, and timber 
for inclined cut-and-fill stoping. They do not reflect cost of mining by any other method, 
nor include any general charges. 


Table 4S. Direct Costs per Ton, Inclined Cut-and-fill, Campbell 

1 Orebodv 

Period 

1 General Conditions 

Labor 

Explos 

1 

Timber 

Total 

IW4-1937, iacl. 

1936 sad 1937. 

July, 1936-Apr, 1938, 

inol. 

First Quarter. 1937.. . 

Aver for 2 large etopes in virgin 

ground. 

Aver for 3 mediura-eited stopes, min- 

'ug next to fill oa one side. 

One medium-sised stope, coming up 

under timber mat. 

All inclined cut-and-fill etopes. 


$0.120 

10. MO 

$0.207 
$0. M2 

$0. ISf 

$0,206 

$0.203 
$0,226 

$0,735 

$1,024 

$1,201 

$1,072, 
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United Verde mine, Jerome, Arie. Data from J. B. PtiUen, of United Verde Branch, 
Phelpa Dodge Corp, in 1938. For deecription of orebody and of former mining by horii 
cut'^md'iiil, see Art 62. Underground mining 'was suspended from 1931 to 1937. When 
resumed, it was decided to adopt inclined cut-and-fiU as principal method and to convert 
the former flat-backed stopes accordingly. The latter were 10-160 ft wide and to 200 ft 
long, but new stope sections are limited to a max of 60 by 100 ft in sulphide ores and 
30 by 60 ft in schist and porphyry ores. Fig 427 shows the longit sec of a typicid sulphide 
stope in process of conversion. As flat-backed stopes had been mined and filled for several 
floors, old chutes had to be used to deliver ore to haulage level. For each inclined out- 
and-fill section, there are at least 2 such chutes. Over them, square-sets are built across 
the width of stope to serve as extraction chutes, manways, and supply entrances. All 
other old chutes within the section were buikheaded, and filled from a raise to the level 
above. The stope back was then sloped upward from the line of square-sets to the fill raise 
at an angle of 37° (approx angle of repose of the waste filling). Then 8-ft successive cuts 
were made, from the square-sets toward the fill raise. Stopes are filled after each cut and 
floored with 2-in planks; equ»”c-sots, 6 ft sq and 8 ft high, of 10 by 10-in timber, follow 
each cut. Movement of broken ore to chutes and spreading of waste ore aided by a 
scraper, the hoist of which is easily moved along the sets, for reaching the entire stope 
(see Sec 27). Gob fences along pillai' and section lines consist of a single line of square-set 
posts and caps. 

Calamon mine, Posadas, Spain; data fi-om C. P. C. Sullivan (255). A form of filled 
rill stopo is used in a vein of silver-lead-zinc ore in schist; ore and hanging wall are weak 
and require close support. .Aver sloping 
width, 6.5 ft; dip, about 80°. Levels. 98 ft 
apart, are connected by 2-compartrnont raises 
at intervals of 98 ft. In Fig 428, triangular 
areas DEF and GHI ate first mined by driv¬ 
ing 3 supcr|>osed drifts A, B, and C, from 
raises R. The drifts, 8 ft high and the full 
width of stope, are timbered wjth close-lagged 
sets. Each drift is filled l^efore starting the 
one above; much timber is recovered from 

fill when exposed by work above. Faces DB WC IN plane of vein 

and GH usually slope 28°, which is less than pig 428. Rill Stope in Weak Ore, Calamon 
angle of repose of filling. A chute gate is Mine, Spain 

next erected at HE, and the ground above 

broken down to a height of 8 ft; an 8-ft slice 5 is then taken off face DE, the work 
resembling the d^i^^rlg of a flat raise; back and walls of slice ore supported by lagged 
drift-sets. Slice S is filled after holing into raise R', during filling, the opposite slice T 
is mined. Rest of lift is similarly mined, chute HE being built up after each pair of slices 
S, T, etc, have been excavated. Broken ore is pulled down the floors of inclined slices 
with hoes. Filling for horiz slices A, B, and C must be distributed largely by hand. 
Raises H are abaiidoucd as the stopes go up; temporary chute gates are built in them, as 
required, for distributing filling to inclined slices by a stream of water; filling is waste from 
old workings or mill tailing. 

The deposit was formerly mined by driving and filling horiz superposed drifts between 
raises (compare with Leaning stope seta, Art 56). The present metood reduced timber 
consumption 50%, more than doubled output per cqan-day and reduced total costs about 
35%. For detail, see Bib (255). 

66. SUMMARY, FILLED STOPES 

General. Contemporaneous filling methods usually entail higher costs per ton of 
ore than shrinkage (Art 67-69) or open-stope mining (Art 35-43), but compete with the 
latter in certain circumstances. Filling is preferable if factors of safety or dilution 
demand prompt support of walls; it also affords better opportunity for occasional timber 
support of ore that is not very strong. ■ In general, filling psethods afford a higher degree 
of selectivity than shrinkage or open-stoping, and hence are better suited where ore is 
spotty or walls are irregular. Horiz cut-and-fill is advantageous where sorting is needed. 
In recent years a number of mines formerly using open-stopoa or shrinkage have turned 
to filling methods, reflecting a tendency toward safer mining, and higher and cleaner 
extraction in the richer orebodies. 

Filled flat-back vs filled rill atopee. Safett. Principal danger in both types is from 
falls of ground. The sloping fill in rill stopes may cause rocks falling fnmi wails oi back 
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(or from surface of fill) to roll down the slope and injure men; this risk is increased where 
fill is covered with plank. As cribbed bulkheads are less easily built in rill than in flat- 
back slopes, they are avoided when possible; footing for them is less secure when built 
on inclined surface of waste, and they may be dislodged by moving broken ore or fill. 
On the other hand, the arching effect of rill slopes may reduce hazard from falling ground. 
Cost. When applicable, rill stuping is usually cheaper per ton than horiz sloping; 
gravity aids movement of both ore and filling; fewer chutes are required. These advan¬ 
tages in rill slopes are partly offset by better working conditions in horiz slopes; flat 
floor affords better footing to men than inclined floor, thus facilitating handling drills, 
steel, and timber. Where weak ground requires close spacing of bulkheads, advantages 
of rill slopes may be lost. Flbxibiuty. Opportunity for varying mining procedure is 
greater i.a fiat-back slopes; area of slope may be extended or reduced at any horizon; 
prospect openings are easily run into walls, and waste from them used for filling; horses 
or low-grade ore can be left unmined; in rill stopes, faces must advance uniform^; their 
output usually ceases while filling; in a flat-back slope, mining may often proceed in one 
part while filling another. Sobtino. Flat-back-s^jpes offer better opportunity than rill 
slopes for effio sorting. 


SHRINKAGE STOPES 

67. GENERAL 

Definition. Shrinkage slopes are overhand slopes in which the broken ore accumulates 
until the slope is completed. As rock increases in bulk when broken, from 30% to 50% 
of the ore in a shrinkage slope must be drawn out as the slope advances, to leave a working 
space under the back. The remaining ore supports the miners and gives temporary 
support to walls; it is drawn when the slope is finished. Stopes may l>e left empty and 
allowed to cave, or may be filled with waste; latter procedure is called shbinkaoe stocino 
WITH nELAYBn FILLING (Art 59). Terms baok-stopino and overhand stoping on objb 
were formerly used in some parts of U S to denote shrinkage stoping; other names are 
“lay system" (English) and "magazine mining” (Swe<iisli). 

Field of use for shrinkage stopes is in stcep-<lipping deposits of strong ore with strong 
walls; for limitations of method, see Art 69. 

In narrow veins, this method allows practically complete extraction, though level- 
pillars must sometimes be abandoned to prevent premature caves. Masses or wide 
veins can rarely be completely mined by shrinkage methods; size of stopes is limited by 
the area of ore or wall rock which will safely stand imaupportcd. In large orobodies, 
permanent pillars may Ik- left for support between adjacent stopc's, as at Alaska Treadwell 
mine (Art CK); this is a form of pillar and chamber work (Art 42). Pillars may sometimes 
bo blasted after completing shrinkage mining, but before final drawing of ore, in which 
case caving may also be involved (Creighton mine. Art 68). High-grade orebodies 

usually warrant filling of 
shrinkage stopes and re¬ 
covery of pillars by square- 
setting (Art 46), Mitchell 
slicing (Art 55), or top- 
sliciiig (Art 72, 73). See 
also Combined methods 
(Art 83-87). 

General plam Fig 429 
shows a stope in a narrow 
vein, opened from raise JR 
as an ordinary overhand 
stope (Art 38). Ore from 
the cutting-out stope falls 
to the drift; that from 
succeeding back-stopies 
•SEC IN PLANS OF VEIM Collects on top of level 

Pig 429, Shrinkage Stope, Narrow Vdn timbers, the excess due to 

swell being withdrawn 

through chute-gates C (Art 90). Ventilation and access to stope are afforded by raise R 
and manways, M. Procedure in wide stopes is similar (see below, and Art 68). 
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Chatea for abriakace atopea are aometimea built up at regular interrala like thoae in araate-filled 
Btopaa (Art 60); they are then used for paaaing exoeaa ore to the level. Aa the fill of broken ore in 
BUofa a Btope ia atabie, a weak back may be euppurted on cribat but thia practice involvca much ahovel- 
Ing, which ia obviated in typical abrinkoge atopea (Fig 429). Chutes may also be justified by the 
prMence of high-grade ore, which can be sorted in atopea and kept separate for special treatment (see 
Sorting, below). Chutes are sometimes used to handle small patches of waste, which would other¬ 
wise mix with the ore. Shrinkage atopea with built-up chutes are relatively unimportant. 

Development for shrinkage stopes in narrow veins follows general lines laid down in 
Art 14. Level interval may be greater than in filled stopes (Art 59), because there ore 
no chutes to maintain. Raises may be far apart, long stopes being opened from a single 
raise in the middle, or from a raise at each end. Blind oreshoota may even be mined 
without any raise to level above, ventilation and access being obtained through timbered 
manways at ends of slope. Development practice in wide orebodies is largely a question 
of arranging openings for drawing ore economically from the stopes (examples, Art 68). 

Shape of stope-face. Both wide and narrow shrinkage stopes commonly have a flat 
back, under which, in drawing excess broken ore, it is easier to maintain a working space 
of uniform height than where tr*c back is inclined or irregular. The advantages of a level 
working floor (Art 66) also apply here. Fig 444 shows a stepimd-face shrinkage slope. 

The alirinkage principle may also be applied in rill atopea of moderate width; these allow uae of 
down holes, which alone should determine the angle of nil. Steep slopes, on which broken ore will 
roll, are a pronounced disadvantage in shrinkage atopea. Fig 430, from O. B. Ward (200), shows a 
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Fig 430. Shrinkage Stope, Lake View Conaola Mine, Kalgoorlie, Australia 

rill stope for steep-dipping oreshoots up to 25 ft wide in Lake View Consols mine (for ore oocurrence 
at Kalgoorlie, W' .Australia, see Art 65). I.evcl interval is 200 ft; inclination of the back is just 
sufficient (say 18” to 26”) for holes at top of stope to hold water. 

Breaking ground. Practice is the same as in other overhand slopes (Art 26 to 28; 
note Fig 172, and accompanying text, also remarks on blockholing. Art 26; see Ariz 
Copper Co, Art 68). 

Arrangements for protecting levels and drawing ore under shriuKage slopes are more 
or le.ss interdependent; general considerations are: 

(a) Protection for levels must be strong, to cany weight of broken ore, part of wliich 
is supported by footwall in inclined slopes and by friction between ore and walls in narrow 
vertical stopes; constant drawing of ore destroys any arching effect which might tend 
to make broken ore self-supporting, and may throw heavy sliock loads on timber or other 
level protection. The walls may also exert heavy laflend pressure when the ore is being 
drawn (20). 

(h) Method of protecting levels obviously depends on width of stope. In narrow 
deposits, simple or saddle-back stulls, stulls and posts, drift-sets, or level-pillars are 
Eulequate; choice is based on the same factors as for open stopes (Art 38); square- 
sets (Art 45) are often used for convenience instead of drift-sets. In wide stopes, 4 
arrangements are common: (1) One or more timbered or dry-wall gangways, like those 
rued in filled stopes (Art 64), may bo built on stope floor; for example, see Homestake 
mine (Art 68), alsj Bib (243). (2) Entire sill-floor may be timbered with square-sets; 

thoae sets needed for haulagewasu and chute-gates are kept open by lagging (see Cresson 
mine. Art 68). (3) Floor of stope may be opened 10 to 20 ft above the level, leaving a 

levd-pillar, through which chute ra»eb arc made at frequent intervals to draw off ore; 
aee Nevada-Massaohusetts and Rosiclare mines, Art 68. (4) Floor of stope may be ojjened 
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on the level, with no attempt to maintain haulageways through broken ore; ore is drawn 
off by shovelers working in numerous crosscuts, which connect edges of stope with haul¬ 
ageways driven nearby in walls of deposit or in pillars between stopes (King mine. Art 68; 
also Fig 451). Choice of method is based on a comparison beween first cost of opening 
stopes and subsequent cost of handling broken ore; these costs vary with size and character 
of orebody, wages and efiiciency of labor, and supply costs; no two mines present exactly 
the same problem. For variations, see Art 68. 

(c) The way in which ore breaks (or is broken) should bo considered in planning for 
handling broken ore at the levels. Large slabs clog ordinary chute-raises and gates and 
require blasting to dislodge them; this work is costly and often damages chutes; if slabs 
are numerous, the delays soon destroy the advantages of chute-gates for cheap loading. 

Trouble from last-named source is rarely serious in narrow stopes in small mines; drill boles are 
shallow, and the few slabs produred may be cheaply blockholed or spalled in the stopes. In such 
mines ore must be broken fine, for handling in small cars or skips. Under these conditions broken ore 
may be drawn through simple chute-gates, the iiistallstion of which does not materially increase first 
cost of opening slopes. Such gates are usually for handling pieces of ore not larger than 8 or 10 in. 

In wide stopes of large mines, deep holes and heat^ blasts are desirable to secure 
cheap breaking. Ores thus blasted rarely break fine, but contain slabs varying in number 
and size with structural characteristics of orebody. Cost of blockboling or spalling large 
slabs to 8 or 10-in size is high; amount of labor and explosive required may equal or exceed 
that needed for initial breaking. There are sfierial chutes and gates for handling largo 
slabs; bulldozing chambers with grizzlies over levels facilitate breaking up boulders; 

see Art 00 and Bib (562). But, as such devices increase devel¬ 
opment costa, the ore tuunago to be handled through them 
must be commensurate with their first cost to justify their 
installation. The alternative of abandoning chute-gates and 
shoveling the ore into cars from stofie floor eliminates clog¬ 
ging of chutes, and slabs need to be blockholed only to a size 
for handling by 2 men; in the U S, these advantages are 
usually overbalanced by cost of shoveling, and chute gates, 
etc, are in general use. For detail of various alternatives, 
see Examples of practice, Art 68. To prevent clogging, the 
minimum cross-section of chute-gates or of chute-raises should 
be at least 3 X max dimension of pieces of ore. At large mines, 
the crushers should be of ample size; crushing in large ma¬ 
chines is usually cheafM'r than bluckholing. Underground 
crushers are sometimes advantageous. 

(d) For convenience in mining level-pillars at top of 
stopes, haulageways are sometimes placed in the walls of the 
deposit (Fig 431), Stope is then opened from a stope-drift, as 
indicated by dotted lines; this device at>oures strong protection 
for levels, but is limited to deposits of moderate width; haulageways may be driven in 
walls on both sides of stope (Ariz Copper Co, Art 68). 

(e) Haulageways and chute-gates should be located with reference to effect produced 
on the surface of broken ore at top of sioiHs by drawing off below. In vert slopes, 26 to 
30 ft wide, the best location for a single row of chute-gates is in middle of stope; if placed 
along one wall, the surface of broken ore above tends to pitch toward that wall and shovel¬ 
ing or staging is required to reach the stopc-back on that side for drilling. In inclined 
stopes, ore tends to draw down on hanging-wall side, regardless of position of drawing 
points: some gates are placed on footwall, for drawing off ore there when stope is to be 
emptied. 

Chute-gates suitable for shrinkage slopes are described in Art 90. Distance between 
GATES should be small, to reduce amount of ore remaining between them when the stope 
is finally drawn, as empty stopes are often too dangerous for shovelers to enter. Close 
spacing i^so allows more even drawing of broken ore. Gates are usually 12 to 25 ft apart; 
use of A-shape'd pillars fFig 438) between gates allows larger intervals. Where leve’s are 
Btulled, ore reinadnintbetween gates may be recovered by cutting out lagging and dropping 
the ore on the level (260;. 

Access to shrinkage stopes is as follows: (a) Timbered manways are built up through 
broken ore; timbered, in nmre m stoiies, with 2 rows of lagged stulls; cribbed manwi^ 
are used in wider slopes. For greater security, manways are often at ends of stope; if 
elsewhere, cribbed manways should be midway between 2 chute gates, and preferably 
on footwall, where they are least affected by movement of broken ore during drawing, 
(h) Raises are driven in walls, or in pillars between stopes, and connected with stopes 



Fig 431. Crose-eee (alter 
Huover) 
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at vertical intenrala of 16 to 30 ft by abort drifts. This is common in wide stopes and 
affords slronc protection for traveling and air-ways (see examples. Art 68). (c) Raiseis 

through back of stope to level above. Access is then usually supplementary to forms (a) or 
(b), primary purpose being that of ventilation. 

Sorting in shrinkage stopes is not ordinarily feasible. (For exceptions, see Cobalt, 
Ontario, and Kennecott mine, Art 68.) 

Support of back and walls. Shrinkage methods are primarily for use where the back 
will stand unsupported and walla will stand while stope is being emptied (Art 69). For 
support of the teck in shrinkage stopes with chutes, see Chutes, p, 276. Loose slnbe 
in stopes without chutes (Fig 429) may be supiwrted temporarily by stulls, preterably 
tapered and set with their big ends up to facilitate recovery from al>ove; this is prac¬ 
tically the only form of support feasible during stoping. Occasionally the Imck and walk- 
of stopes of moderate width are timbered while ore is being drawn, to protect men in the 
stope or to prevent contamination of ore by slabs from walls (Ariz Copper Co, Art 68). 


H. H. Hodgkinson states in this connection (261): Timbering consists of lagging supported by 
tranaverse seta or frames spaced 4.5 to 8 ft apart. Fig 432 shows a good set for a highly arched 
back; a hitch is raquired at each enc, of the horis timber. Fig 433 shows 
support for a weotrwall at A. Uneymmetrical sets of this kind arc feasible 
where peak of arch is not in center of stope. Fig 434 shows a rafter aet 
for a stope with a flat back and poor wall at B. Timbers should be framed 
to conform to shape of back, a space of at least 10 in being left above the 
sets, for placing lagging and blocking; more space adds expense for extra 
blocking. Arched backs in general throw less weight on timbora and 
allow more space between sets than flat backs. Fig 435 shows extensifin of 
same general plan to the complete timbering of walls; successive stulls, 
uprights, and lagging are placed ns ore is drawn. (Such work is costly and 
rarely justified in shrinkage Btopes. Author.) 




W. W. Lynch atatoa that at United Verde mine, Aris, shrinkage stoping was employed in 1027 
to mine a block about 100 ft long and 50 ft wide. After carrying stope to full height of 100 ft, the 
back tended to slough on exposure to air. Before final drawing of ore, the entire back was gunitod 
after arching. Result was satisfactory in protecting men working at bottom of slope after drawing 
of ore and prior to filling. Procedure was one of expediency to meet an unforeseen condition. 


Waste filling is the only moans of supporting permanently the walls of empty stopes. 
Filling is dumped in through numerous raises put up to level above through the level- 
pillar at top of stope. Delayed filling operations of this kind are always cheaper than 
contemporaneous filling (Art 59), liecauae stopes ar^ open and much of the filling runs 
into place by gravity; shoveling is required only at top of stope. In long stopes, the 
length of wall left unsupported during drawing may be reduced by drawing all the ore 
possible from each chuto-^ate in succession, starting at one end of stope. As room is 
obtained, filling is duroi>ed into the empty end of stope from level above; toe of fill 
advances as the toe of ore pile recedes towards the other end of stope. Attempts made to 
draw ore uniformly over entire area of stope, and dump waste into the top at the same 
rate that ore is withdrawn, always result in loss of some ore and serious contamination 
with waste. See Ariz Copper Co, Art 68; Inspiration mine. Art 80; and Bib (262, 263), 
Further details of shrinkage stopes are given in Art 68, 84-87. 


68. EXAMPLES OF PRACTICE, SHRINKAGE STOPES 

Cobalt, Ontario (264. 265). Diatriet was formerly a famous silver producer. Native silver, with 
anenidea of Co and Ni, occurs in vert fissures in conglomerate, graywacke, and quartzite. Width of 
vrina, rarely over 6 in; assays up to 3 000 os Ag per ton were sometimes obtained; values often 
extended into wall rooks, forming 3 to 6 ft of milling ore on each aide ef vein. Entry was by vert 
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thafta, geoerally fallowing the vein; level interval, 60 to 76 ft; ehrinkege etopee were uaual; a few 
veine were mined in open etuUed etopee (Art 39). Practice at Buffalo mine was typical of ahrinkage 
methoda with flat-back etopee. The hard, compact ore was broken with 6-ft uppere, placed fairly 
close together to avoid need for spalling or blockholing. Before etoping began, 6 by 7-ft drifts were 
driven to the limits of ore; lei els were timbered with lagged stults after the cuttiiig-out and first back 
etope had enlarged the drift to a height of 13 to 15 ft. Ore from these openings collected in drift and 
supported miners while drilling holes for a second back stope. Chute-gates were 20 ft apart, and a 
cribbed manway was built at each end of stope. About 33% of ore broken was drawn during atoping, 
a fl-ft open space being kept under the back. In stoping, low-grade ore on one side of vein was first 
blasted. The high-grade streak was then broken with light shots, the ore being sorted, sacked, and 
sent direct to smelter. The remaining low-grade ore on opposite side was then broken (compare with 
Besuing, Art 61). At some mines no sorting was done in stupes. Fig 436 is a section through 2 levels 
of CoMiACiAS MINE, showing method of dealing with oreshoots with so flat a pitch that ore would not 
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Fig 436. Shrinkage Stope, Coniagas Mine, Cobalt, Ont 


run along the floor by gravity. Chute-raises A, with funneled tops, were put up from the level 
throurh barren material, they permitted control of the surface of broken ore during stoping and of 
the fanal withdrawal of ore. 

Hollinger mine, Porcupine, Canada. Data from A. W. Young (306) in 1935. Gold 
ore occurs in vert or steeply-dipping quart.z-pyrito veins, along fractures in altered and 
distorted igneous and sedimentary rocks, in which greenstone, porphyry, and "pillow" 
lava predominate. Wall rock is usually schistose with its planes roughly parallel to 
strike of veins. Vein widths vary widely; juncture of several veins sometimes makes an 
orebody 75 ft wide. Chief mining method is cut-and-iill (Art 62); in 1934, shrinkage 
stoping produced 27.4% of the total. As such, shrinkage is usually limited to veins 
thinner than 8 ft, and having strong walls, though the first few cuts of cut-and-fill stopea 
in wider veins are often made by shrinkage. DeveIiOPMrnt is by several vert shafts; 
level interval was 100 ft in upper part of mine, but low'er levels are spaced 150 ft. 
General plan comprises a main haulage drift on each level, roughly parallel to strike of 
veins, but not in ore. Crosscuts are 350-400 ft apart. Drifts are turned o/T in ore at 
intersections of the crosscuts with the numerous veins. SmiiNKAiiE stopinq. Preparation 
consists of silling out vein to full width of ore and to 17 ft above rail. Sill timbering 
usually consists of 12 by 18-in stulla, 7 ft c-c, set in hitchos and at slight angle to horiz; stulla 
are reinforced by one or more 9-in min-diam round posts. W'here vein is too low-grade 
to be workable at the level, but good ore is known to exist above, raises are driven from the 
drift to bottom of this ore before stoping starts. Chute pockets are in alternate seta, 
intermediate sots being lagged with 5-in poles. Stoping is in horiz slices 6-7 ft high. Holes 
8 ft deep, burden of 18 in, are drilled at 70°-80“ from horiz with wet stopers. Drillers 
work on contract and aver about 10 holes per shift. Contract rates vary according to 
width of vein and are graded in a manner that discourages miners from overb<'eaking. 
As stope advances upward, a stulled or cribbed manway is carried at one end. After stope 
roaches a height of alrout SO ft, a raise is driven to level above for ventilation and service. 
Level pillars are left at top of stope, their depth depending on width of ore and nature of 
ground. >Stope is scaled down during hnol drawing of ore, and weak walls are supported by 
stulls. On cuniploting drawing ore, slope is filled to within 6-8 ft of back. Costs. Following 
data apply to year 1934 and are aver for all shrinkage mining of that year; tons ore broken 
per hole, 2.55; direct stoping labor cost per ton broken: breaking, $0,423; timbering, 
$0,085; filling, $0,068; scaling, $0,137; stope development, $0,032; total labor, $0,745; 
explosives, $0,160; total direct labor and explosives, $0,905. 

Wright-Hargrearcs mine, Kirkland Lake, Ont. Data from L. B. Smith (176) in 1934. 
Gold ore occurs in fissure veins in porphyry. For gcol details see Art 39. Shrinkage 
stoping is used occasionally v. here ore is 6 ft wide or more, and walla are strong. Level 
interval, 150 ft; drifts are in ore. Stoping starts by taking down back of drift to height 
of 15-16 ft above rails. After broken ore is removed by shoveling, haulageway is estab¬ 
lished by use of stulla (Fig 429 C7). Stulls are 5 ft c-c, and set at right-angles to dip except 
where vein is ve<-t; in latter case stulla are given sufficient pitch to hold firmly. Chutes 
are built in alternate seta, or 10 ft c>e. Manways are at 90-ft centeis. In stopes under 
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10 ft widd, manwa;^ are of 2 lines of lagged stulls. If width exceeds 10 ft, cribbed man- 
ways are built against the footwall and fastened to it by eye-bolts and a piece of 16-lb rail 
(Fig 437). .Stopes are flat-back, with breasts 


8 ft high; drilling is by mounted hammer 
drills; holes flat and 6-7 ft deep. Stopes 
are worked through to level above without 
leaving sill pillars; stulls used instead. 
After stope is drawn, it is filled with waste. 

Nevada-Massachusetta Co, Mill City, 
Nev. Data from O. F. Heizcr (196) in 
1030. Tungsten ore with about 1 % WO 3 
occuis chiefly in thin limestone beds dip¬ 
ping 70‘’-75®. Most productive bed aver¬ 
ages 4.6 ft wide; walls stand with moderate 
amount of support and ore breaks well. 
Development, Two main veins are devel¬ 
oped by inclined shafts, 730 p.vd 800 ft 
deep in 1924. Levels are 100 ft apart; 
drifts untimbered. Rtopino. All mining is 
by shrinkage stoping without filling except 
that waste from development is dumped 
into enipty stopes. After exposing ore by 
drifting, a ventilation raise, which is also 
a manway, is driven to leA^el above. Mean¬ 
time, chute raises are driven to height of 
6 ft above back of drift, and belled out to 
connect with each other. Chute spacing is 
20 ft if ore is dry and draws easily; other¬ 
wise the interval is 15 ft. Manways are at 
80-ft intervals with 20 -ft chute spacing; 
with 15-ft spacing, manways are 75 ft apart. 
Stope back is advanced as in Fig 438, one 
miner starting at ventilation raise and an¬ 
other at the manway. Holes are horiz if 



Fig 4.17. Cribbed Manway pinned to WaU_ by 
Kye-boU and Rail, Wright-Hargreuves Mine, 
Kirkland Luke, Out 


ground is hard; otherwise vert, by hand-rotated stopers. As stope advances, excess broken 


ore is drawn, to leave about 6 ft between top of ore pile and back of stope. Weak spots in 



Longit Sec Cross-Sec A-A 


Fig 438. Shrinkage Stope in Nevadak-Massaebusotts Mine, Mill City, Nev 


lianging waU are supported by stulls or pillars of ore. If grade of ore is low, pillara are 
left permanently; otherwise they are blasted out after stope is completed. Floor pillars, 
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6 ft thick, are finely removed by underhand mining. In 1928, average output per 
man>ahift chargeable to underground work was 2.62 tong. 

Roaiclare, HI. Data from £. C. Reeder (197) in 1930. Shrinkage method is need in niining finer* 
■par. MineraUaed fault fissures occur in horiz or fist^ipping beds of limestone, sandstone, and ahale. 
Veina, nearly vert, aver about 12 ft wide; max width is about 34 ft, and 18-20-ft widtha are com* 



Fig 439. Shrinkage Stope in IVider Veins, Rosiclare, III (197) 


mon. In mine described, deposit is 1900 ft long; developed by vert shaft starting in footwall about 
70 ft from vein and near longit center of deposit. Levels are opened at 100-ft vert intervals by cross¬ 
cuts from shaft and drifts in vein. For the wider veins, chute raises are 25 ft apart and driven high 
enough for a sub-drift to be driven for connecting tops of raises; sub-drifts arc slabbed to full width 
of vein (Fig 439). In narrow veins, sloping starts just above drift timbers, as in Fig 440. Slopes vary 


Level 



Fig 440 Shrinkage Stope. Narrow Veins, Rosiclare, Ill (197) 


from 100 to several hundred ft long. The stope back is carried in benches, usually drilled with 
uppers; sometimes, 12 to 16-ft flat ho»es. Top of ore pile is kept 6-7 ft below back. The thickness of 
level piUar is computed on basis of t ft for each foot in width of stope, up to a depth of Ifi ft, which 
serves for atope widths to 34 ft. Tbese pillars are finally mined and dropped into the empty stope 
below. Production per mau-sbitt in 1930 averaged 2.93 tons for all men underground. 

Atizona Copper Co, Metcalf. Aria (152). Methods onoe used at King and Coronado 
atudied together, illustrate advancement in Arinkage practice. Fig 441 shows 
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method ^plied at King mine to oiebodies 600 to 700 ft long, with max width of 30 ft, 
Mcurri^ in a fault fi»ure in porphyry; walla were strong and well defined; dip, about 70“. 
On each level, haulagewaya wore driven in walla, the vein was crosscut at 26-ft intervals, 
and the entire rill floor of ahoot Mcavated^ae a breast stope (Art 30), the ore being aboveled 
into care. Stope was then carried up as 
a flat-back (^rinkage stope, 33% of 
broken ore being drawn through crosscuts 
by shoveling. Access to stope was through 
raises, at 100-ft intervals, to level above. 

Back-etopes were 10 to 15 ft high, miners 
working towards each other from adjacent 
raises; at some point the belly of ore 
between 2 parties generally broke off, and 
the block was blockholed if necessary. 

Occasionally, parts of vein were too weak 
to allow safe overhand stoping. Then 2 
raises, between which soft ore o'“cuiTod, 
were connected by a drift 20 to 30 ft PiANOFtevEt orosb-sccas 

above the back. Ore in the pillar so Shrinkage Stope, King Mine, Motoalf, 

formed was broken by holes in floor of 

drift, beginning midway l>etweon raises and retreating towards them; similar underhand 
methods were employed on approaching an upper level. 

Above method was later modified to allow use of chutes for noAniNC cars. Fig 442 


nss 
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Fig 442. Shrinkage Stope, Coronado Mine, Metcalf, Aria 

shows its application at Coronado mine, for an oreshoot 1 750 ft long, with a vert dip 
and aver width of 35 ft. Walls and ore were strong, ore broke large and could not be ran 
direct to cars without much blockholing in chutes. Stopcs were 150 ft long, separated by 

30-ft pillars; raises in centers of pillars, and con¬ 
nect^ with stopes at vert intervals of 25 ft, furnished 
ventilation and access. Chute-raises were 25-ft apart, 
those from hanging-wall drift being half-way between 
those from footwidl drift. Floor of stope was opened 
15 to 20 ft above level. Over each chute was s 
grizzly, on which shovelers broke up large pieces. 
Fig 443 shows another method permitting gravity 
loading of cars, and giving opportunity for breaking 
boulders -sdthout blasting in chutes. A level 2 sets 
high in middle of vein was squarc-setted. Inclined 
funnd-shaped raises, alternating to right and left from 
the sides of upper sets, communicated with the stope 
floor 20 ft above level. Ore collected on lagging of 
pj 4^3 lower sets, where it was spalled or blockholed, and 

load^ into cars. Cost of preparatory work was 
. loss in this system than in that shown in Fig 442, 

but finM drawing of stope was subject to more delays. "Stopes at the top of orebody can 
general^ be carried to cap rock, and then be drawn quickly without difficulty. Danger 
of an air blast from sudden caving of an empty stope makes subsequent fiUing always 


bb-sec 
Fig 443 
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desirable.'’ In one place, an attempt was made to cave overlying waste on a heavy mat 
of timber laid on the broken ore, and then to draw the ore below, but if the mat descended 
more than 30 ft, it broke up enough to cause a serious admixture of waste. In deeper 
parts of oreshoots, shrinkage stopes were stopped 25 to 30 below bottom of the overlying 
stope; the oie was drawn quickly, and the stope filled with waste. In weak ground, 
back of stope was arched and timbered before ore was drawn (Art 67). Level-pillars 
were mined with square-seta started on top of waste fill; then the pillars between stoi)es 
were top-sliced (Art 70 et aeq). 


Morris Lloyd mine, Marquette Range, Mich (184). Shrinkage stopes were used for mining a 
deposit of strong siliceous hematite, SOO ft long by 25 to 75 ft wide; dip, 70° to 85°; banging wall 
gave some trouble from falling slabe. Level interval, 150 ft; main haulage drifts were driven near 
footwall and timbered with 3-piece seta. Deposit was crosscut at 100>ft intervals, to determine 
width and grade; in wider portions, a second drift was driven later near hanging wall. Max stops 
width, 40 ft; greater widths were mined in 2 stopes parallel to waile, with a pillar between, or in a 
series of transverse scopes with piUais. Levels were connected by uutimbered raises 100 ft apart. 




CROSS-SEC A • 


Fig 444. Shrinkage Sloping, Morris Lloyd Mine, Marquette Range, Mich 


which ventilated and gave arress to stopes. Chute-raises, put up at 20-ft intervals to a height of 10 ft 
above back of level, were timbered with S-in plank and protected with 40-lb rails from injury by 
blasting. Tops of raises were connected by a sub-drift 15 ft above the level, stope was then widened to 
full size, tops of raises were tunneled out and stope w-as carried up os a stepped-fare shrinkage stope 
(Fig 444); 30% of the ore was drawn during mining Ore was broken with 2 stope drills per 50-ft 
length of face; 1 laborer per 100 ft of stope blockholed and sledged large lumps. On completion of 
stope, ore woe drawn as evenly as possible from chutes, as this seemed to reduce blocking. 

Reploglf mine, Wharton, N J. Lenses of magnetite in gneiss dip 55° and pitch 18°. Shrinkage 
stopes are made full width of ore (over 100 ft in places) by 400 ft long; transverse vert pillars 50-80 
ft ^ick are left between slopes. A sub-drift is driven close to footwall, leaving a 10-ft pillar over 
main level. Bulldozing chambers with chute gates below are put in at 40-ft intervals on the sub- 
level; grizzlies are of 105-lb rails, with 10.75-iii openings. Raises are driven fnim each bulldozing 
chamber to the hanging wall at an angle of about 40°. Ktope floor is opened from the raises in form 
of a series of transverse V-shaped ridges. Access to stupe is through manways in the transverse end 
pillars. Data from A. U. Uubbeil in 1U20 (582). 

Mt Hope mine, N J. Data from J. R. Sweet (529) in 1932. Magnetite occurs in 
tabular orebodies dipping BO^-SO®, and pitching 14° from horiz. Stoi>ing widths, fron, a 
few feet to 40 ft. Height of orebodies ^ong dip is 150-400 ft; length exceeds 7 500 ft. 
In'main body the ore is hard and tough, standing unsupported over at least 40-ft widths. 
Wall rock is hard, granitoid gneiss. Main 1 000-ft shaft, inclined at 64°, was started itt 
footwall, but cut through orebody below 250 ft. Former plan of development was by 
levels at intervals up to 260 ft. More recent practice is to drive inclines along pitch of ore- 
body and 2.5-30 ft beneath it, thus permitting high extraction without undue development 
exist. Stoping blocks are usually 340 ft long. Stopes are bounded by inclined pillars 36-40 ft 
wide (Fig 445). Access to stope is by manway raise to top of ore through center of pillar, 
and connected by short drifts to parallel raises forming a cut-off line between stope and 
pillars. Inclining of pillars permits low-cost driving of raises. Rbscent pbacticf, (1932) 
is to provide each stope with 4 chutes, 81 ft apart. Chute raises are belled out to make 
roron for grizzly charubers. From ends of grizzlies, undercutting raises are driven alonit 
strike at 4.5°, as in F'.g 445, leaving pillars over the grizzlies. Access to grizzlies is through 
a Bub-mcline in the hanging wall, parallel to main incline and connected to grizzlies by 
short crosscuts. Stope face finally becomes flat-backed. Benches are usually advanced 
from each end toward the middle. Height of benches is 6-15 ft, generedly inversely to 
ore width. They are broken with 14-ft flat holes, drilled by jackhammer fitted with 
stoper leg and lying honz on a 12 by 2-in plank, 12-16 ft long, the outer end of which rests 
on a rung of a ladder leaning against the back. Foot of drill extenrion leg is held in place 
by an eye pin inserted in 0.5-in holes bored along center line of plank, the pin being moved 
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forward aa required. This novel drillinc method is effective. Burden on holes, 3-6 ft. 
Explomve is 40% dsmamite. The 14-ft holes are loaded by first tamping in 12-15 cart¬ 
ridges, and distributing the remainder along full length of hole by alternating sticks of 
dynamite and wood. Some blockhoUng is done in the stope; the rest on grisslies. Tlus 
mining method does not permit economic recovery of pillars; 90% extraction is expected. 
Following stoping data are for year 1930: tons broken per machine-shift, 82.53; tons per 
man-shift chargeable to stoping, 57.59; av tons per man-shift underground, 7.09; av tons 
per man-shift on property, 4.52; tons broken per ft of hole, 2.58; powder per ton broken, 
0.384 lb. For methods at other magnetite mines in same district, see Bib (494, 633). 

Walker mine, Waikermine, Plumas Co, Calif (subsidiary' of Anaconda Copper Mining 
Co). Following data, from J. F. Dugan, Gen Supt Mines, Int Smelt and Ref Co, cover 
practice in 1939. Orebodies are fissure veins of quartz, carrying ixipper sulphides asso¬ 
ciated with pyrite, pyrrhotite, and magnetite. Veins are 600-1 400 ft lung, 10-60 ft wide, 
and dip SO^-SS**; iMth walls are metamorphosed sodiments and igneous flows. 



Fig 446. Shrinkage Stope Development and Mining, Mt Hope Mine, Mt Hope, N J (629). 
Numbers in circles indicate successive development steps 


Mine is opened by a 2-mile adit on 700-ft level. 2 inclined shafts to 1 000-ft level and 
one to 1 200-ft level. The 700 and 1 000 are haulage'levels, from which stopos are started 
(Fig 446). A sub-level A is driven 30 ft above haulage level B, and two 6 by 10-ft ore chutes 
C are raised 50 ft apart to bulldozing chambers D, counoctod with the sub-level by crosa- 
cuts E. Top of each raise is covert by 90-lb grizzly rails with 10-in openings. Above, 
and with enough brow to keep the grizzly from flooding, short finger raises F are milled 
out into a stope. Pillar raises 6 are driven to level aVxjve at 150-ft intervals, and from 
them are service drifts H every 30 ft vert, starting 50 ft above sub-level. Thus, stopes 
110 ft long are separated by 40-ft pillars, which are robbed by drilling from the service 
drifts. Depending on character of ground, pillar-raise center lines may be shortened or 
lengthened 50 ft, cutting out or adding one chute. This would leave stopes 60 or 160 ft 
long, separated by 40-ft pillars. Through the level-pillars arc mill holes from tops of 
finished stopes to the level above. These are covered with grizzly rails and then other 
stopes are opened directly above. Level interval is 100-300 ft vert, depending on the 
ground, and lifts of as many levels as desired may i^e opened from one haulage level. 
Pillar robbing starts at the far end of top level, retreating toward the shaft. 

In the Piute orebody, the vein below the 700 adit is flatter than 45** and most broken 
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ore muat be scraped to the level (Fig 447). Large chute mouths O an 70 ft apart, with a 
7 by 18-ft raise P driven from every third chute to level above. Service drifts Q are 
driven every 30 ft vert, starting 35 ft above the track, and then the raise is enlarged as a 
stope. Service, air, and water pipes supply 3 stopes and are brout^t through the raise 
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Fig 44C. Sbrinacage Stoping, Walker Mine (ideal lectiona) 



from level above. Pillars are robbed from the service drifts. This method is locally 
oalled “semi-shrinkage" stoping. Most stope drilling is done with 3.6-in Leyners, 
mounted on 4-in bars and arms, but heavy rotating stopers are used in raises and narrower 
stopes. Bits are detachable; hot-milled, and tempered in an elec furnace. Aver break 
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per xoachine^ift is 29 tons, with 1.9 sticks of powder per ton; 45% Gelemite is used to 
blast simultaneously large numbers of 6~12-ft holes. 

Application of shrinkage stopiag to large deposits is shown by following examples. 
Excepting Creighton and Homestske, the mines described have low-grade orebodies and 
methods used are designed to give cheap handling, largo output per roan sloping, and to 
require little timber; all essentiid for cheap mining. The methods are similar, but differ 



in percentage of orebody extracted, methods and control of ore breaking, and the handling 
of largo slabs that must be broken. Some of these examples might be classed under Com¬ 
bined Methods, Art 83; some have been wronidy classed in Bib (630) as Caving Methods, 
because the modes of breaking ground may involve caving part of the slope backs. 

CresBon mine, Cripple Cr, Colo. Data from R. L. Herrick (161) in 1911. County 
rock is granite; gold telluride ores occur either in massive shoots in fiMured sones, or in 
replacement veins in well defined sheeted zones alongside of or near basic dikes. 
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Fig 448 and 449 show method of mining an oreahoot on 600-ft level, which was 280 ft 
high and 60 by 120 ft in horia sec. On each level, a breast stopo (Art 30), 10 ft high, was 
carried over whole area of shoot, in which square-sets were erected, as in Fig 448, which 
also shows track layout and chute-gates. Open square-sets, which were inadequate to 
support the broken ore after stope had reached some height, were strengthened by lagging 
the sides of certain sets and then filling them with ore by shooting down the lagging 
overhead; sets behind chute-gates were left open for access in making repairs. Level 
timlx’ring and tracks were all recovered after stopes were drawn, starting at one end of 
stope and retreating toward the other. Flat-back shrinkage stopes were used. As soon 
as any part of the back reached a point 8 ft below floor of level above, it was caught up on 
cribs, wedged tight and in places filled with ore. Lc^vol-pillars were mined as in Fig 449: 
work began by drilhng holes in back around a crib in middle of stopo; the crib was then 
removed- and the holes blasted, making an op<;ning about 12 ft diam into the stope above. 
Work then stopped for seveial days to allow loosened rock to work and drop; then the 


flOO'Uvcl 



back ai'ound the opening was attacked. Cribs weie close enough together to allow all 
holes to bo drilled under tlicir protection. After 
center opening had reached a diam of 30 ft, the 

remaining pillar sagged and its wt was supported Empty stope 

entirely by the cribs; this wt and the resulting in- aoo'u-vfi ' 
cipient fractures materially reduced consumption IPZ. 

of explosive for mining rest of pilLar. Thi,s method is 
stated to be safe and to effect considerable economy 

in labor and dynamite, as compared with the drill- if; J vH'' 

ing of holes from bedow over the entire pillar and 
abooting them simultaneously. In one place a con- <,' - •; 
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Fig 448. Creason Mine, Flan of 600-ft Level (Fig 449) 




VERT CROM-&EC 

Fig 449. Shrinkage Stopes, Creason 
Mine 


tinuous shrinkage stope was carried to a height of 320 ft. This saved cost of mining level- 
pillars which, as the ground was fairly soft and required thick pillars, would have had to 
be mined by square-setting. Ore was drawn from this stope on several levels through 
chute raises from workings driven in the walls. 

Kennecott mines, Konnecott, Alaska. Data from B. Birch in 1924 (648). Property 
is now worked out. High-grade copper sulphide replacements are in limestone. Dip is 
usually steep. Width of orebodies was fiom a few ft to over 100 ft; length ISO to over 
1 (KK) ft. In some places entire width was high-grade ore, with only a little low-grad». 
In others high-grade was in streaks 1-10 ft wide, separated by poorer ore. Shrinkage 
stoping was the usual method; a novel feature was the “double” mining practiced when 
the high-grade portion of orebody was wide enough. As much as possible of the high-grade 
was mined first by shrinkage stope and the broken ore was drawn. Surrounding low-grade 
ore was then mined by ordinary shrinkage stope; if lenses of high-grade occurred in this 
second stope, they were broken with the mill ore. Care was taken not to overlook ore 
that made along bending planes, or on faults or cross fissures away from main body. 
Generally, as a stope was drawn, it was safe to follow and recover ore in the walls that 
might have been missed in stoping. Recovery of level-pillars was usually delayed, so that 
drifts could be maintained lor mining oreshoots that often came from below into what was 
thought to be barren giound. Wat.to from development was dumped into old stopes. 
Where possible, development drifts were kept in high-grade ore. Chute raises 25-35 ft 
apart and 20-25 ft high were put up from the level; they were connected*, leaving V-shaped 
pillars over the level. If ore in a drift became lean, the stope above was carried ahead from 
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the last chute raise to determine the direction in which the drift diould be driven. Where 
ore was wide, 2 or more parallel drifts were driven on the level. 

Alaska Treadwell mine, Douglas Island, Alaska, now flooded and abandoned, was 
formerly an outstanding example of large-scale shrinkage mining in U S, and many details 
of present practice elsewhere have been developed from work done there. Ore was low- 
grade, gold quarts, in a mineralised dike of irregular shape, 0^20 ft wide; dip, 

Limits of ore were commercial rather than structural; aver assay as mined, $2-$3 per 
ton. Ore was strong; footwall weak, but supported by leaving on it a strip of unmined 
ore; hanging wall hard and strong. Profitable mining was done in transverse shrinkage 
stopes, separated by vert pillars 100 ft apart e-c and 18-26 ft thick, which were con¬ 
tinuous through successive lifts and left as permanent support for the walla; horiz pillars 
were left below alternate levels. Level interval, 200 ft. Stopes were opened 18 ft above 
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Fig 450. Shrinkage Stopc, llomestake Mine, So Dak (former method) 


levels from tops of inclined chute raises driven 15-.30 ft apart along underlying drifts 
and crosscuts. About 20% of orebody was left in rib pillars. For full detail, see Bib 
(105, 273). 

Homestake mine, I.<cad, S Dak (104, 271, 272, 109). Production has been practically 
continuous since 1878. The mine is notable for large-scale shrinkage mining applied to 
massive orebodies. Orebodics carrying moderate gold values occur as huge lenses in an 
intensely folded formation of chloritic schist within a series of garnet-mica schists, quartz¬ 
ites, and slates. Individual “ledges” are 50-150 ft thick, but squeezing and folding in 
places have resulted in orebodies over 300 ft wide; dips, generally steep. Ore is hard, 
tough, and extremely abrasive, breaking in largo pieces unless drill holes are spaced 
closely. Tendency to break large inspired in early days a method of shrinkage in which 
all ore gravitated to sill floor and was mucked into cars. A. J. M. Ross states that under 
this system one “blockholer” was usually required to drill and break large boulders for 
every 2 muckers. Fig 450 shows general stoping method prior to 1917, as applied to ore 
wider than 80 ft. Transverse stopes were carried 60 ft wide, separated by 42-ft pillars. 
Level interval was 100-150 ft. Main haulageways H were driven in footwall about 20 ft 
from ore. Crosscuts were on center lines of pillars. Short drifts T (“break-throughs”) 
ran each way at 30-ft intervals from crosscuts to pillar lines. 8111 floor was then breasted 
out 8-10 ft high. Where deposit was very wide, a timbered gangway X was erected 
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near hanging wall. At end of break-throughs, shovding platfonns with sheet- 
steel covering were built, height being that of a mine oar. Stope was then carried up as a 

flat-back shrinkage stope, leaving 



an arched Icvel-pillar above, about 
20 ft thick at crown. Entrance to 
stopes was through raises to level 
above or through manways Jt. 
Final drawing oi ore began at one 
end of stope. As shoveling plat¬ 
forms became useless, they were 
removed and track was extended 
into stope (asatG). Filling with 
waste closely followed final draw¬ 
ing. Before filling, floor was cov¬ 
ered with a timber mat and sides 
of pillars were lagged to aid sub¬ 
sequent recovery of level and vert 
pillars by wpiare-setting. Rbcbnt 
PBACTicn. Data from A. J. M. 
Ross (190) iu 1931. Distance 
between levels is 100 ft above 
1 100 ft, and 150 ft below that 
level. Standard plan of develop¬ 
ment (h’ig 4.51) is to drive a hang¬ 
ing-wall drift D far enough from 
ore to make admost certain that at 
least 30 ft of barren ground is 
between the drift and ore. Cross¬ 
cuts X are driven through ore 
into the footwall at 102-ft inter- 


Fig 451. Flan of Sill-floor Operations in Wide 
Homestake Mine, Lead, So Dak 


vals, or on center lines of stope 
pillars, and connected within 
footwall to fonn a footwall drift E. 


Drifts F, along both walls, are also driven from these croiiscuts. After the crosscuts are 
connected by the drifts, sill floors are out out on lines given by surveyors for stopes 60 ft 
wide and pillars 42 ft thick. Fig 451 is a plan of sill floor development in wide orebody. 
After cutting sill floor, stope back 


is raised and arched in the sliape 
of the ore pile that would be left 
after the chutes have drawn all 
that is possible. Broken ore is 
shoveled out and a timbered gang¬ 
way G (“chute line") is built along 
each pillar line. Chute pockets 
are built within the acts for later 
use in drawing .shrinkage ore. The 
stope floor between chute lines is 
covered with timber mat, and 
waste fill is run in through inclined 
raises R (Fig 4.52). Shrinkage min¬ 
ing now starts and continues to 
within about 25 ft of level above. 
Access to stope is gained through 
drifts from pillar raises. Ground 
is broken with flat holes, and 
benches are kept shallow to avoid 
burying large piece'. All block- 
holing is done on top of ore pile. 
After final drawing of ore, stope 
is filled as soon as possible. Crown 
(level-pillar) is removed by square- 
setting. Fig 453 shows cross-seo 
through stope in narrower ledges. 
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Fig 452. Longit See showing Principal Stopir.g Method, 
Homestake Mine, Lead, So Oak 


through stope in narrower ledges. Where width is less than 60 ft, stopes are carried 
longit, some measuring 100 ft along walls. Dividing pillars are then 25 ft thick and 
one chute Uite, along footwall. suffices. 
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Craightoa mine, Ont. Data from O. Hall and R. D. Parker (216) in 1930. Large 
lenticular deposits, chiefly of massive chalcopyrite and nickeliferous pyrrhotite, occur in 
shear sonos in norite and granite at 
or near contact; norite is on hang¬ 
ing-wall side. Aver dip of main ore- 
body, 46®; of others, 35®-60®. Ore- 
bodies reach 1 000 ft in length; width 
to max of 300 ft. Entry is by 
inclined shafts in footwall. Level 
interval 120 ft in upper workings, 

180 ft in lower. For many years, 
mining was principally by shrinkage 
method; more recently, by cut-and- 
fiU and square-sets. For slirinkage 
mining, level development consisted 
of a footwall drift from which cross¬ 
cuts were turned at 75-ft interv.ds 
along center lines of pillars. 

In WIDE ORBBODiES stopes 60 ft 
wide extended across orebody from 
foot to hanging and were separated 
by 25-ft pillars. Intermediate cross¬ 
cuts were sometimes run under center 
lines of stopes to permit closer chute 
spacing (Fig 454). Footw’all raises 
along contact and on center lines of 
pillars served for manways and ven¬ 
tilation. Other raises within footwall 
were ore and waste passes (Fig 456); 
ore passes delivered from the levels 
to underground crushers above skip 
pockets. Inclined chute raises, 15 ft 
apart on alternate sides of main 
crosscut, reached cutting-out floor of 
stope along pillar lines (Fig 454). If 
intermediate crosscuts were driven, 
there were also chute raises along 
center lino of stope. Floor cutting, 25 ft above level, started by driving headings along 
pillar lines to connect chute raises. Headings were then slabbed on sides away from 
pillars and breast stoping continued until floor was completed. Stope was then carried 

by fiat-back shrinkage stoping to 
within about 25 ft of level above. 
Floor pillar (crown) was broken 
through at hanging wall and mined 
by retreating toward footwall, 
using deep vert holes. Recovery 
of vert pillars consisted of driving 
raises 30 ft apart along center lines 
,of pillars to within 10 ft of level 
above. At intervals in each raise, 
drift rounds were taken toward 
stopes, and along length of pillar to 
honeycomb it. Large sections of 
pillars, or whole pillars, were then 
drilled and blasted electrically (Fig 
456). Breaking vert pillars and 
final drawing of ore retreated 
from hanging wall and far ends of 
a level. Hanging wall caved in 
large blocks and followed down on 
broken ore in drawing. Chutes 
were drawn until waste appeared. 

In NARROW OREBODiBS, shrinkage stupes were carried longit and crosscuts from footwall 
drift were omitted. Length of stopes was limited by leaving 30-ft rib pillars at intervals, 
as required. Footwall raises served same purpose as outlined for wide orebodies. 



Fig 453. 


Crnns-sec through Stope in Narrow Ledge, 
Homeetake Mine, Lead, So Dak 
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Fig 4S4. Longit Sec showing Crosscut and Chute-raise 
Arrangement, Creighton Mine, Ont 
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BmIma min*. KeaneeoU Copper Corp, Letouohe, Aluka. (All miniag' at this property was 
abandoned in 1030). Data furnished in 1027 by J. L. Fosaid, F. M. Radel and J. A. iUohards. who 
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Fig 456. Sec through Pillar, showing Raises and 
Drill Holes, C.eighton Mine, Ont 
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Fig 457. Beatson Mine, Alaska. 
(Diagram of main and griasly levels; 
latter shown by dotted lines) 




devised the mining method. Orebody is a low>grade lenticular deposit of disseminated chalcopyrite 
in graywacke, containing mineralised bands of chert and slate; length of lens, 800 ft; max width, 
280 ft; ore aver, 1.6% Cu. Hanging wall is a fault dipping 40*-60*; there is 1-10 ft of gouge, assooi' 
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atad with & nuuaive pyrrhotita body, 1-12 ft thick. Footwall ia a eommart^I oaa; it rouahly paral- 
lab tha hahaing. Obkbbal vvatx. Prior to 1920, mining waa mostly opaneut. I^ma underground 
mining was done in trasaverae flat-back shrinkage stopee: max safe width of suchatopea waa found to 
be 20 ft; production in them averaged 20 tons per machine driU-ehift. Chi^ requiremanta for profit¬ 
able mining of lower lifts; large output; safety; cheap break¬ 
ing (large tonnage per driU-ehift); controlled breaking, to 
minimize dilution by waste; prompt support of walls; cheap 
handling. The method adopted (locally called the Beatson 
method) waa suggeated by results from enlarging raises. It 




comprised a aeries of 70-ft transverse shrinkage stopes, separated by 30-ft rib pillars; ore waa 
broken by blasting in deep holes drilled from raises put up tiirough the area to be stoped, so that 
miners need not work in a scope after it was undercut. Pillars were partly mined and partly caved; 
broken ore was drawn through bulldosing chambers into chute raises. Dxvei.opmient. Entry was 
by a vert shaft in the hanging wall, about 1 200 ft from the orebody; an S by 7-ft crosscut was driven 
through the orebody on each level; level interval, 200 ft. Fig 457-460 show development prepara¬ 
tory to Btoping. Haulage drift D was parallel to 
footwall and about 40 ft from it; crosscuts C were 
driven to hanging wall at 100-ft intervals; these 
constituted the main haulage openings and were 
equipped for motor haulage. An intermediate 
level (‘‘grizzly level”) was opened 60 ft above main 
level; this comprised: drift O, about .50 ft from 
footwall, with crosscuts H, 100 ft apart on center 
lines of stopes; drifts K, 23 ft long, giving access 
to grizzlies (bulldozing chambers) J ; and drift L, 
connecting with crosscut M, which was on center 
line of the pillar and contained 2 grizzlies X. 

Grizzlies J were 40 ft apart along the strike and 00 
ft apart across the deposit, starting 15-20 ft from 
footwedl; this arrangement proved satisfactory for 
a 70-ft stops, where the ore was 100-250 ft wide 
(Fig 458). From the haulage ci osscuts C, 5 by 5-ft 
chute raises R were put up to the grizzlies (Fig 
450); as the raises branched, each chute gate O 
served a pair of grizzlies J. Chute gates P (Fig 457) 
were connected by raises S (Fig 450) with grizzlies 
N and served to draw the pillar ore. Development 
was completed by driving the 5 by 5-ft undercut¬ 
ting raises T (Fig 458) from ends of grizzly cham¬ 
ber* J, and connecting chem above; 5 by 5-ft mining raises W were then put up to level above. In 
the example shown, mining raises were 45 ft apart, starting 15 ft from footwall; spacing was varied to 
auit character of ground and width of stope. Fig 460 shows similar openings driven from grizzly 
chambers N (Fig 467) on center lines of pillars. Bromna. Stope floor was fiiat out out 5 ft high; 
work atarted from the undercutting raises; drilling with etope drills. After undercutting was fia- 
ie^d, mioen did not work in the etope again; all drilling and blasting was done in the mining raisesi 
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to wbioh MOCBs waa gained from level above. Fig 481 ahowe mode of breaking ground. Drilling waa 
done with heavy jaokhammera. Starting 1&-23 ft above the atope back, 6-8 holee, about 8 ft deep, 
were drilled downward from aidee and cornera of the raise; holes were pointed to bottom on the 
boundaries of a 15-ft square, with the raise in center. They broke a chamber A, which gave room 
for handling steel up to 20 ft long; the ledges L formed supports for a plank platform from which 
subsequent drilling was done. About 20 holes, 12-20 ft deep, were drilled from each chamber (Fig 
401>; they were located to break to the pillar lines and cover an area about 30 ft by 33 ft. About 
10 ft of ground was left between bottoms of holes drilled from adjacent raises; this ground usually 
caved, but might be drilled if necessary. Each round drilled from a raise required about 12 man¬ 
shifts by 1 man and 2-4 man-shifts for springing and blasting. Stops backs were kept as nearly horis 
as possible; broken ore was kept close to stope back to support the walls; drilling did not need to be 
completed in all the chambers on a given horizon before any were blasted. The mining raises had 

water and air lines from tlie level 
above; also a ladder and chute 
slide, in which a small skip for 
steel and supplies was operated 
by a "tugger” hoist on the level. 
^IINlMO vtlIjAJls did not begin 
until adjoining slopes were com¬ 
pleted. A pillar was undercut 
like a stope; then a strip of ore 
was mined along the footwall by 
drilling from the raise (Fig 461) 
os in slopes. Most of upper pari 
of pillar caved; more mining 
raises might lie put up in pillars 
if necessaiy. iluLLDOzma cham¬ 
bers J (Fig 457) were 24 ft long, 
5 ft wide and 7 ft high; giiszlies 
had ll-in oiieiiiugs. Drawing. 
fitope and pillar ore were drawn 
simultaneously and as evenly as 
possible to prevent waste dilu¬ 
tion; drawing retreated from 
the end stupes on a level. An- 
VANTAGSa OP THIS METHOD of 

breaking ground compared with 
ordinary practice in fiat-back 
shrinkage slopes: (n) Since dan¬ 
ger from falls from slope back 
is eliminated, it permits wider 

slopes and a greater ratio between stope and pillar widths, (b) Drilling is efficient; all holes are 
wet. (r) Many delays eliminated, as, setting up and tearing down, barring down backs, packing 
steel, breakage of hose, (d) Uninterrupted drilling for 6 out of 7 or K shifts increases footage 
drilled per shift and hence output per man-shift, (e) Drawing broken ore does not interfere with 
drilling. (/) Any large movement of ground shows itself in the mining raises. Table 43 gives 
OFKBATiMa DATA. See also Itib (198). 



Fig 461. 


Beatson Mine, Alaska. (Vert sec AA, Fig 457, later 
stage) 


Table 43. Operating Data, Beatson Mine (a) 



Stope 

Pillar 

Total and a 

Machine-drill shifts. 

7 814 

1 047 

8 861 

Tons ore per machine-drill shift. 

172 

218 

188 

Labor shifts. 

12 733 

2 606 

15 339 

Tons ore per labor shift in slope. 

110 

131 

113 

Bulldozing shifts. 

14 507 

3 603 

18 no 

Tons ore per bulldozing shift. 

59 

70 

61 

Pounds powder per ton ore, drilling. 

0.27 

0. 16 

0.24 

Pounds powder per ton ore, bulldozing. 

0 18 

0.16 

0.17 


(a) Based on mining 1 672 888 tons by Beatson method to Jan 1, 1926. 


Alaska JToneau nitne, Juneau, Alaska. Data from P. R. Bradley (584) in 1929, and 
L. H. Metsgar (664) in 1932. Mining here might be classified as caving, but shrinkage 
principles are also involved. It represents efficient underground mining of gold ore averag¬ 
ing only about 90ff per ton. \ allies occur in quartz stringers and gash veins in slate con¬ 
taining numerous dikes and sills of metagabbro. Limits of ore are commercial; values 
are distributed irregularly in 4 ill-dehaed bands aggregating 755 ft wide, which, with intor- 
vening country rook, occupy an area 1 300-1 6(X) ft wide by 2 400 ft long. A cross fault 
divides mine into 2 parts, and a strike fault dipping 55^-60” practically marks the 
footwaJl of the ore being mined. Presence of*sulplddeB in the ore indicates values and 
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malfM flo?tixiK possible. Dbthlopmbnt. Topography is very rough; eatry is by 
hftulai^ adit (No 4 level) about 2 miles long and 950 ft below surface in the miun orebody. 
Levels above, at 250-ft vert intervals, are connected with haulage adit by ore-transfer 
raises (Fig 462). Btdldosing chambers may be on main or sub-levels. Srornro. Stope 
preparation consists of driving branch raises from ore transfers, to connect with bull- 



Ko. 4S1 
cone 


Bnlldozlnir 

chamber 




'0 300 200 300 

b- I I . ..mt 

Scale: feet 
Powder drifts 



Ora pocket 


Main haulage level 

Fig 462. Development, Alaska Juneau Mine 


Ko 2 level 


Sublevel 


tope raises 
tope cutout 
No 8 level 


No 4 level 


dosing level at 75-ft intervals along strike and 100-ft intervals across strike. Thus, 
grizslies are set at corners of a rectangle and serve a stope “cut-out" 130 ft along strike 
and 180 ft across it. Grizzlios with 25-in openings are of 15-in I-beams or H-beams, with 
l-in wearing plates and separated by wooden spacing-blocks; they are set on slope of 
1.25 in per ft. After placing grizzly, a 7 by 8-ft raise ("drawbolo”) is driven from upper 
end of grizzly at angle of 38° (Fig 
463). After extending raise 18 ft, 4 
branch raises (“cut-out raises") (Fig 
464, A) are driven on a slope of 38°, 
diverging at 90° from each other. 

Two branches extend to limits of the 
area to be undermined. The others 
connect with corresponding raises from 
adjoining grizzlies. Thus, the “cut¬ 
out" is outlined both across and along 
strike by a set of raises having form 
of a large letter W (Fig 464, B). Cut¬ 
ting-out begins just above each draw- 

hole and proceeds at a slope of 38° gee 

until the resultant 4 adjacent funnels 
meet at “peak" and outer limits of 
**out-out" are reached. Cut-out 
miners work on contract basis at 
36-38^ per sq ft (1932), measured on 
the 38° slope; heiidit of cut, 7 ft. 

Mounted drifters are used, miner 
averaging 8 7-ft holes per shift; 45 
aq ft per machine-shift is aver break. 

During cutting-out, stope-raisea (Fig 
462), about 100 ft apart, are driven Fig 463, Bulldozing Chambw and Grizzly, Alazka 
to level above. Upper level then uneau Mina 

SRvea as supply levd and means of 

access to “powder drifts" below. When stope area ia completely undercut, mining 
proceeds by large-scale blasting. Powder drifts (Fig 462, 464), 4 by 3 ft oross-aec, 
ate driven xadiaUy from stope raises and loaded with enough powder to break down into 
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ope^ below the block of ground beneath the oowder drifta _« 

» to d.Mk, dmctioo «<1 burfut. ^eorfioTto Id »ndlSL. 




Table 44. Alaska Jtmeao Mine. Data for 1928, Units of Labor. Power and Explosives 


Under¬ 

ground 

aew 

liSbor (man-hr per ton of ore) 


Development. 0.030 

Stoping. 0.001 

BuUdosing. 0.064 

Tramming. 0.064 

< Total. XlM 

. Tsas per man-abift.. SO, 10 


All labor 
charged 
to mining 

0.048 
0.003 
0.083 
0.132 
0.266 
30.10 


Under¬ 

ground 

. _ ‘avw 

Explonvea (lb per ton of ore) 


Development. 0.06 

Stoping. q [05 

BuUdonng.. o |29 

. 0.40 

Power, fcw^ per ton. I.6I 
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of iwwde'* vary aeoordiog to experitsmoe. Pig 465 typioid powder'<irift layout and 

diatribution of charge. Explosive is 40% ammonia dynamite; it is fired by Cordeau- 
Bickford fuse, whidi is detonated by No 8 caps and two 30-ft lengths of safety fuse 
Through 1928, aver break in powder-drift blasts was 20 tons of ore per lb of explosive; for 
secondary breaking, powder consumption is 1 lb per 4.2 tons of ore. As stops progi esses 
upward, the area is increased; pow- 
drifts are driven alongside open¬ 
ing to enlarge stopc and to induce 
caving. Grizzlies below' are worked 
aotiv^, BO that ore broken by 
powder-drift blasts will fall consider¬ 
able distance and break further by 
impact on ore pile. Mining con¬ 
tinues thus until back attains such 
height and area that caving without 
blasting begins (Fig 464 D). Table 
44 summarizes costs for 1928. Of 
total cost, development accounted 
for 20.6%, and mining, 79.4%. 

Alaska Gaatineau mine, Juneau, 

Alaska. Operations ceoHed in 1921. o 00 
Data, relating to former mining, from 
G. T. Jackson in 1920 (530). Orcbody is 
an extension of the adjoining Alaska 

Juneau, described abo\e. The ore bands Side View 

are in schist as well as in slate and 



metagabbro, near a contact with green- 
stone. Theie is a well marked .shear 
zone along footwall, partiruLvly m 
slate. Dip, about 60°. General plan. 
Mming was by large shrinkage slopes 
separated by permanent rib pillars. 
Btopes were first undercut. In schist 
areas, ordinary flat-bark shrinkage 
slopes were carried; all ore broken by 
drilling and blasting. In slate areas, 
narrow flat-back slopes were carried up 
the footwall and across ends of stope; 
rest of the back caved by its own weight. 
P. 11. Bradley (598) states tliat the 
method assumed continuous and uni¬ 
form ore bands and that caving could 
be confined to a single band. Neither 




Llinll of I 
cutout area I 


of stopc—».j 



/ 


assumption was correct, and the com- 

bined effect of irregularly distributed “ 

values and dilution from waste pro- Fig 465. Typical “Powder Drift” Shot, Alaska Juneau 
duced ore too low in grade to mill Mine 

profitably. Development. From a vert 

shaft there was an adit haulage tunnel about 2 miles long. Ia^vcI intorial, 200 ft; there were 2 main 
ore passes in footwall connecting with the adit. Fig 466 shows the development for opening a slope; 
manway raises A, cross-sec 5 by R ft, were in the foot wan opposite center lines of rib-pillurs; short 
drifts D, driven to the pillar lines, gave access later to the slopes. Main levels were in footwall: ohuie 
raises, 35 ft apart. Bulldozing chambers were reached through small vert raises and crosscuts tndi 
oated by dotted lines at A; these openings were half-way between 2 chute raises and connected tc 
bulldozing chambers by short drifts. Tojis of chute raises w-ere connocted on footwall by small raise* 
run upward at 40®. Some chute raises, continued across the orcbody on a 40® angle, were points of 
attack for cutting out the slopes; they wore sampled to determine stopc width. A sniall raise was 
driven at each end of stope to connect with first breakthrough from manway raise. rfroi'E'- in slate 
were 200-300 ft long; in schist, to 400 ft; rib pillars, 40 ft thick, width of slopes, 10-120 ft. Cut¬ 
ting-out stopc was about 7 ft high. In slate, stopc floor was cut out about 20 ft naiiower than width 
of ore shown by assays in the rni.scs; triachines started at each end of stope and took a cut 7 ft high 
by 12 ft wide along footwall (Fig 466) ; then the same size cut w.'t', taken aoio.s.s each end of stope. 
These cuts weakened the oie so that it began to cave over the rest of the bark. Men woiked in the 
footwall cut while caving went on, very few .accident' from fall- of groiind occiirri'd. .''Successive 
cuts were taken until the back was 40-50 ft below a worked out stopc above, then work ceased and 
the Ztope caved throu’jh to level above. In schist, ore did not cave readily or cave'l in blocks too 
large to handle. Slices about 7 ft high were blasted from the back, starting at footwall and working 
toward hanging. Backs were safe to work under if care was taken to keep them perpendicular to dip. 
About 125 tons of ore were broken per muchine-shifi in slate and 45 tons in schist; costs for labor, 
explceives, supplies, and general expense in state stojies were about half those in schist. Aver cnets 
(4 per t«n> for 1015-1918, inclusive, during which period about 6 5U0 UUU tons were delivered to mill 
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tw«; orebreaUnSi ISATrbuUdosias, 7.46; traibminc, 6.66; orewaya and ehuics, 1.01; OMfruto* 
portation, 3.«56; prepariac atopee, 8.0; developmeDt, S.O; total, 47.864. 

limaitona qcamaa. For applioation of abrinkage atoping undargrouad, aea Bib (862, 568). 


Faotwaff cut advancing ^Occ ready to cava 
.from both ends, betunid footwall cut 


Caving of arabody at right angles 
to airatificMion takas placa 
feUeving eutatong ^ 

footwall and pitlara > 



Sueocaaivc cuts dong 
foetwafl and piOara 


TMnuning level' 


Fig 466. Alaska Gaatineau Mine (530) 


69. SUMMARY, SHRINKAGE STORES 

Umitgtions. Application of shrinkage methods is limited by their rigid requirements 
as to dip, shape, strength, and character of orebody and its walls. These are desiratde 
methods, because simple, requiring little timber and practically no shoveling in gtopes, 
features which tend towards low costs. Under proper conditions, shrinkage stopes may 
be used in either narrow or wide veins; as auxiliaries to other methods they are also used in 
large, massive orebodies (Art 83-88). In some districts in Canada, as Kirkland Lake, 
Porcupine, and Budbury, there has been a recent tendency to change from dirinkage to 
more selective forms of mining, involving higher costs per ton, but possibly lower costs 
per unit of metal produced. Statements in Art 69 concern only shrinkage stopes without 
chutes (ore-passes); their application to those with chutes is obvious if read in connection 
with the limitations of that form of stope (Art 67). Following discussion is based largely 
on a summary by H. C. Hoover (20). 

Requirements for successful application of shrinkage methods: (a) Dip of stope walls 
should generally exceed 60'*, for ore to settle freely; tendency of broken ore to draw down 
first on hanging-wall side decreases as dip steepens, (b) Orebody should be regular in 
shape, otherwise loose ore will lodge on footwall. Empty or partly drawn stopes are often 
too dangerous for shovelers to enter. Walls of narrow stopes may be timbered during 
drawing (Art 67), but this is costly and suggests possibility of using open stulled stopes 
(Art 38, 39). Irregular oresboots are difELcult to mine in shrinkage stopes, even if in 
steep-dipping veins with regular walls; sudden flattening of a shoot necessitates either a 
sub-level or else long chute-raises through unpayable ground (see Coniagas mine. Fig 436. 
Art 68). Regular and fairly continuous orebodies are essential, because shrinkage stoping 
must be carried on considerably in advance of output requirements, (c) In overhand 
shrinkage stopes, ore should be strong enough to stand over back of stope, oceasionBl slabs 
being stulled. Possible width of stope in a given orebody may be increased by working 
underhand, as in Beatson method or at Alaska Juneau (Art 68), where miners do not work 
in stopes after finishing undercutting. Conversely, weaker ores may be mined in stopes 
of given width by underhand than by overhand. But conustently weak ore cannot be 
mined in idirinkage Rlo,>cs. (d) Ideally, the ore should be of uniform value; at least 
payable throughout. Except in narrow stopes, patches of waste can not be left unbroken, 
and sorting in stopes is rarely feasible (note exceptional conditions at Cobalt, and at 
Kenneoott mines. Art 68). (e) iValls should stand without crushing or spalling off into 
^the brcfiien ore when stopes are drawn. Friction between ore and walls during drawing 
"‘^Increases any naturid tendency of walls U> slab off; the hanging wall especially should be 
strong. (/) Prospecting openings can not be run in the walls of shrinkage stopes, hence 
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limits (webody ^ould be well defioed. ( 2 ) J^yeioal or mineralogical peculiftritiee of ore 
may prohibit shrinkage atoping. for example: Some broken ores tend to "pack" in stopea, 
and must be blasted out; ordinarily this occurs only when stopea uw left undrawn for a 
considerable time; frequent drawing prevents packing. Packing may be due to pressure 
or to cementing action of mine waters on pyritic ores; it may be controlled if siae of stopea 
and plan of work can be regulated for drawing stopea promptly. Pyritic ores may oxidiae 
so rapidly that heating occurs in shrinkage stopes; danger of fire may preclude use of 
shrinkage in such cases. More often, oxidation is less rapid, but may affect recovery in 
flotation process. 

Advantages of shrinkage stopes: (a) Cost of development is usually low. (b) No 
shoveling or tramming is required in working space at top of stope; if ore can be drawn 
through chute-gates, there is no shoveling (see Art 67 for conditions justifying shoveling 
in drawing off ore), (c) Little timber is used; staging for miners and shoveling plats 
are unnecessary; timber for manways is recovered when stope is drawm. (d) Ventilation 
can usually be maintained at little expense, (e) Compared with filled stopes, shrinkage 
stopes sometimes wholly save cost of filling; filling an empty stope in one operation is 
always cheaper than contemporaneous filling. Shrinkage stopes avoid loss of fines in 
filling, and cost of ore-passes, and of shoveling ore to them. (/) In narrow veins, sh rinkag e 
stopes compete with stulled stopea (Art 38, 39), and are preferable for wide veins and 
heavy w'alls. They furnish firm working floor for minors; timber staging may reduce 
effic by causing feeling of insecurity. (See Art 43 for comparison with sub-level stoping.) 
(g) Shrinkage stopes afford large reserve of broken ore, but see disadvantage (d) below. 

Disadvantages of shrinkage stopes: (a) If chute-gates are used, fine brecdcing is 
required; some large pieces may bo buried in broken ore, and make trouble in chute-raises 
and gates. For alternative mode of dealing with this problem see Arrangements for 
protecting levels. Art 67. (b) Some spalling of waste from walls into ore always occurs; 
a given amount reduces aver value of broken ore more in narrow than in wide stopes. 
Much ore is lost if walls crush, (e) Ore can not be selected from different stope faces, 
for maintaining a uniform grade, (d) Ore left in stopes until they are finished ties up a 
considerable investment for labor, explosives, etc, to break it, and added working capital 
is neccssai-y. At a given mine, tonnage of broken ore eventuaOy reaches a fairly constant 
max. Interest on money required to break this tonnage is an operating charge against 
shrinkage methods; it represents cost of utilizing broken ore for support. H. C. Hoover 
cites an example where, on 250 000 tons annual production, the interest (5%) on capital 
represented by broken ore amounts to 7^ per ton treated (20). A large reserve of broken 
ore is advantageous in insuring a regular output; but, on^ the ore in completed stopes is 
available for this purpose. In the few Lake Superior iron mines using shrinkage stopes, 
tiiis storage feature may be availed of to save cost of stock-piling and reloading 60%-70% 
of the ore mined while navigation is closed, (e) Shrinkage systems are not flexible. 
When once started, they are difficult to alter, owing to lack of frequent raises; especially 
true if filling is the only alternative. Change of method may be required by change in 
dip, or in character of ore or walls in depth. (/) Walls of shrinkage stopes, unless very 
strong, can be re-stoped for lower-grade ore only when stopes are filled promptly and 
filling is left undisturbed; walls often crush when filling is drawn for use in lower stopes. 


CAVING METHODS 

# 


Caving methods, strictly, are those in which ore is first undercut and then broken 
down by its own weight, or by weight of overlying rock, or by a combination of both. 
But, as a result of custom, operations involving caving of the material overlying an ore- 
body, as a systematic and essential part of the work, are also classed as caving methods, 
though practic^ly all the ore is broken by drilling and blasting. Three distinct methods, 
BUB-UBVBL caviNO, BLOCK-CAViNo, snd TOP-SLiciNO, result from this classification, each 
having many modifications. For comparison, see Art 82 and 83. 

70. TOP-SLICING 

General. Top-slicing practice in the U S was developed from the "North of England 
Caving Method," used in certain English iron mines. Term top-slicing is sometimes 
erroneously applied (270) to sub-level caving (Art 75). Descriptive terms “Top- 
slicing and Cover-caving" and "Top-slicing and Partial Ore-caving" (286) have been 
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proposed to describe the two methods accurately, but have not been generally used. Top* 
slicing method is also called simply "Slicing.” 

Field of use is in wide veins, masses, or thick beds of weak ore, where clean minin g and 
high extraction are desired and where the overlying surface need not be supported; for its 
limitations and oonditicHis, see Art 74. 

General plan. Ore is mined in horis floors or slices, taken in descending order from 
top of the deposit. Each floor is mined in small sections, the roof of each being allowed or 
forced to cave before an adjacent one is attacked. Work on each floor retreats from limits 
of ore toward points of entry; ail ore is broken by blasting. The principle is illustrated by 



VERT LONGIT SEC PQ VERT CROSS-SEC XY 


Fig 4G7. Top-slicing, Lake Angellne Mine, Mich 

Fig 467. showing top-slicing at Lake Angcline mine, Mich, 1894; J. P. Channing describes 
it as follows (287). 

Ore was soft hematite, averaging about 75 ft wide and overlain by glacial drift. First level was 
opened 75 ft below top of orebody by driving adrift /> about midway between walls; 2-compartment, 
cribbed raises R were put up to the overburden at 100-ft intervals. From top of caeb raise a 7 by 8-ft 
drift A was driven 50 ft each way, meeting caved ground, as shown, or a drift from the next raise. 
Drifts were timbered with 3-piece sets and were advanced by spiling, where necessary, as under loose 
overburden at top of deposit. Slicing began by driving 7 by 8-ft crosscuts C to the walls, at points 
half-way between raises or at ends of drifts alongside caved ground, as shown. Crosscuts were tim¬ 
bered with 3-piccc sets of 6 to 10-in round timber, spaced 2 to 4 ft apart. Ore was shoveled intc cars 
holding 1 500 lb and trammed to chute compartment of raise. When a crosscut was finisheil, its 
floor was covered with split lagging F, laid close together on 3 S-in round stringers. The orosscu; sets 
were then blasted dow-n, allowing overburden to drop. Contiguous crosscuts were driven and caved 
in succession, working back toward each raise until a slice 8 or 9 ft high had been removed from top 
of orebody. Other slices of same height were successively mined below the first. After taking severtd 
slices, the work assumed the form shown by Fig 467. A mass of twisted timber the mat, collects 
at the top. Its thickness increasing as work descends. The mat forms an artificial roof between ore 
and overburden; its subsidence may be controlled and it is easily pieked up on timbers of tbs slice 
below it Sli(*iiig usually liegins on a now flour ae soon as it will not interfere with work on floor 
above, and before the latier is fini.shed; this maintains steady output. Simultaneous w.irk on 
several floors is shown in Fig 489 and 491, Art 72 Cipenings like drifts (A, Fig 4U71, driven on each 
floor ae a preliminary to actual sli.-ing, are called snB-i.EVEL,B. I'hey are designated by number. 
No 1 being highest on each lift f'erm slice means a hoiiz layer of the orebody; also an opening 
driven tor removing blocks of ore outlined by sub-level development. Thus, crosscute C, Fig 467, 
are elioee; exact meaning of .he word depp;,de upon the context. 

Modiflcatioiis. All top-slicing resembles in general Fig 467, but details vary widely in 
different orebodies. Variations in timbering of slices give rise to terms drift-bucinq, 
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PIIOP-6UC1NO, and squass-bst suomo, denoting work in which slices are timbered with 
drift-eets, stuUs, and square-sets respectively. Drift-slioes may be driven 2 or 3 sets wide, 
or squari!)-Bet slices may be 2 sets wide and 2-4 sets high, if conditions allow. Such excava¬ 
tions are called rooms, this work being someiimos termed “top-slicing by rooms’’ to dis¬ 
tinguish it from "top-slicing by drifts" (or crosscuts), as in Fig 467 (286). Other modi¬ 
fications are to secure cheaper loading; thus, eific use of mechanical loaders (usually 
scrapers) in sUces modifies the layout of raises and slices. In some cases, slices are made 
with sloping fioors, for loading by gravity; called ircunxd toi'-sucimo (Art 73). Art 
71-73 show details of modifications of top-slicing. 

Development. Entry. Shafts must be located whero they will not be affected 
by caving. If the position of property linos compels sinking in ground overlying the ore- 
body, pillars of ore must be left for shaft protection, and these are not minable unless 
they can be reached from adjoining property. On Mesabi Range, Minn, auxiliary shafts 
for handling timber are sunk at points over the orebody, the shaft pillars being mined lust; 
even then, much ore may be lost through wearing away of the outside of pillars as the 
mat descends around them. Levei, interval. Table 45 summarizes practice at mines 
described in Art 71-73; levels are usually 50 to 100 ft apart. The intervals must be smaller 
in wide deposits and in heavy soft ore than in narrow orebodies or stronger ore. In 
moat ores soft enough for top-slicing the maintenance cost for levels and raises is an 
appreciable expense tending toward a small level interval; cost of hoisting slice timbers 
in raises also increases with height of lift. In some districts, a balance is struck between 
these costs and that of driving and equipping haulage levels, as follows: Levels for 
mechanical haulage are spaced 100 to 300 ft apart vertically, or, where conditions allow, 
only one such level is driven at bottom of deposit. Intermediate hand-tramming levels 
are then opened as required, 35 to .‘>0 ft apart vertically; they are often connected with a 
sliaft in the country rock, through which timliers are lowered. Lateral development. 
Levels may consist of a single drift (Fig 467), but in orebodies of large horiz section a 
rectangular system of drifts and crosscuts is often driven, arranged to allow proper spacing 
of raises for handling ore from slices. Layout of intermediate levels, where used, follows 
the latter plan, tramming distances being then determined by location of raises con¬ 
necting with main level; even in wide orebodies short trams can bo secured with relatively 
few raises put up from a haulage level consisting of 1 or 2 drifts (Fig 401); similar factors 
determine the most offic layout where loading in slices is done with scrapers (Fig 486). 
Raises should be so located as to strike an economic balance between cost of handling 
ore in slices and cost of development; close spacing cheapens the former but increases 
the latter. Table 45 indicates that the commonest raise interval is 50 ft, but this does 
not indicate the distance that ore is trammed or “slushed,” or scraped and trammed 
in dices, unless taken in connection with area of orebody and design of rmses. Raises 
often provide the only means of entrance and of handling timber to dices, and then must 
have 2 compartments. Scb-levels. Where slices are 11-12 ft high or more and ore is 
strong enough, sub-levels may be driven as untimbered drifts, say 6 ft high, instead of 
full height of dice, as in Fig 467. This increases si>eod of sub-level development; the 
sub-levd is then enlarged at entrance of each slice, just before starting the latter. Usually 
sub-levels opened long before they are needed are costly to maintain, as caving of the mat 
on the overlying slice throws great pressure upon them. See Fig 489 for one method 
allowing simultaneous work on several flours, without opening sub-levels until caved 
ground above has come to rest. Development plana should l>e as simple as possible. 

Breaking ground in drift-slicing is a form of breast-stoping (Art 30). In high square- 
set slices, some ore is broken overhand. For examples, see Fig 475, 4’/7, 478, 490. 

Timbering in slices supports comparatively small areas of mat for only a short time, 
hence light timbers of poor grade are adequate; to'cheapen costs, round timber is used 
wherever possible. 

Three-piece drift-sets with vert i>osts and simple framing are most used for dices, 
because; (o) they are generally strong enough; (b) floors laid without sills are easily picked 
up on the caps in the underlying slice; (c) in working alongside of caved ground, posts of 
sets are lagged along the solid side before the slice is caved, to keep back the gob. SquARS- 
sbtb have die same advantages, but require more timber. I’hey are used in ground too 
heavy for drift-sets, or in high slices where single drift-sets would require posts of unman¬ 
ageable length and superposed drift-sets would not support the side pressure of caved 
ground. Props (vert stuUs) are employed where fioors are laid on sills, the latter taking 
the place of the cap of a drift-set. Props are also used in .slicing under rock capping at 
top of an orebody, and under peculiar conditions in Minnesota iron mines (Art 71). 
For light pressures and under a thick mat, “tee-pieces” (i e, stulls with head ^ards of 
two 2 by 12-in plank, 4-5 ft long) form cheap and satisfactory supports for plank floors 
laid without sills (66). See Art 71-73 for details of timbering. 
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Table 45. Top-dicing Deteile 


MixM or district 

Interval in ft between 

Method 

of 

timbering 

slices 

Height 

of 

slices, 

ft 

Width 

of 

slioes, 

ft 

Ds- 

taila 

in 

Art 

No 

Haul¬ 

age 

levels 

Inter¬ 

mediate 

levels 

Raises 

Mesabi Range, thick ore- 


1 






bodies. 

(a) 

(c) 

50(6) 


12-18 

8-10 

71 

Mesabi, thin bodies, Hib- 








bing-Chisholm Diet. 


(n) 

(n) 

da 

3-18 

10 

71 

TTflML . 


26 

50 

da 

11-12 


71 

Caspian. 

50-75 (t) 

in) 

40 

da 

10 

mM 

71 

Menominee Range, Iron 








Rivfir Diat. 

150 

75 

60-100 

da 

12.5-14.5 


71 

Marquette Range. 

100-125 

(n) 

50-65 

da 

13-14 

HIHH 


Negaunee. 

100 

(n) 

60 

da 

II 


71 

Bluebwry. 

100 

(n) 

100 

da 

II 



Armour No 2. 



30 

da 

10 


1 71 

Low Moor.... 


(n) 

50 

da 

12 

12 

71 

Morend. 

(d) 

50-100 

25-40 

da 

7-15 (a) 

6-10 

72 

Copper Queen. 



50 

aq (i) 

11 

7 

72 

Miami. 

150 

50 

50 

da'& bh 

10 

7-12 

72 

Judge. 

200 

33 

50 

air 

7 

3-20 (/) 

72 

United Verde. 

ISO 

(n) 

35 

pr 

11 

35 

72 

Oceanic. 

50-70 

(n) 

35-40 

pr (k) 


15-40 

22 

Calumet A Aris. 

100 (g) 

(m) 

45 

pr (6) 

8-10.5 

1 5-6 

i 23 

rt/M^naHn. 


55 (1) 

50 

pr C/t) 

II 

i 10 

73 

Humboldt. 

55 

(n) 

i 15 

7>r (f>) 

to 

10 

1 73 


(a) See Art 71. (b) For parallel slicing; may be greater for radial slicing, (c) Not required 

until Uuokness of orebody approaches lOU ft, when 1 intermediate may be driven; for greater thick- 
neesee, epaoing of intermediates averages 60 ft. (d) See Art 72. (e) Economic heifibt 11 ft. 

(J) Aver 10 ft. (g) Max. (h) Sills are laid under floors and caught up on m-ops in shoe below, 
(t) Aptnrox. (k) Sub-gangway method. (1) Or other multiple of 11 ft. (n) Not used, da > drift 
sets. 3-pieee. aq — square-sets, bh a bulkheads, air a stringer sets, pr a props or stuUs. 
xfote.—Before using this table consult details of w«rk in Art 71-73. 


Floors may be of lagging or plank. Plank is best, because it may be laid with tight 
joints to keep out fine waste; it is also easier to lay and to block up from below than round 
lagging. Usually, one layer of 2 by 10 or 2 by 12 plank, in 10 to 16-ft lengths, makes a 
good floor; double layers may be needed in a few slices at top of orebody; on Mesabi 
Range, single layers of ^/g-in resawed or 1-in hardwood boards have been found adequate; 
wire fencing laid on poles is now in common use (see Art 71). 

Sills uadei plank floors arc generally omitted in horix slices, but are used in inclined slicing. Art 
73. On the Mesabi, 3-in poles 8-16 ft long are sometimes laid 1-2 ft apart to help support the boards 
when they become the back of the slice below. To avoid breakage, the plank ^ould lie directly on 
ore, hence sills must either be sunk in the floor or embedded in a layer of broken ore supporting the 
plank. Cutting grooves for sills is slow and costly, and, as it is practically impossible to have alices on 
attcoessive sub-levels directly under one another, theie may bo trouble in picking up sills from below. 
Silis allow use of props instead of drift-sets in slices, but this is not a compensating advantage, as it 
saves little timber. Occasional omission of floors on certain sub-levels is possible only under a thick 
mat, and is not feasible in high-grade ore. It was successful at Miami; at Canonea it increased costa 
in spite of saving timber. 

Handling timber. In top-slicing, as in Fig 467, all timber for alices must be hoisted 
up the ladderways of raises; column-mounted, air-operated hoists (tuggers) may be used; 
where scrapers are used for moving ore, scraper hoists often serve also for hoisting timber. 
See Mesabi practice and that of Iron River Distr, Menominee Range (Art 71) for modes 
of arranging work so that timbers may be dropped to sub-levels. 

Blasting down timbers in slices to force mat to cave is done by simultaneous firing of 
small charges of d 3 mamite in holes bored in the posts. Holes are usually near the middle 
of posts, and are 4 to 6 in deep; in large-scale work, much time can be saved by having 
1 or 2 men bore all holes with air-driven augers. Half a stick of dynamite or less is used per 
poet; it is often unnecessary to bl'ist aU the posts in a slice. 

Some engineers hold that msi settles in better shape if the supporting timbers are allowed to 
fail by pressure than if they are blasted down; some binsting is almost always required. Top-slicing 
is possible only when the mat caves promptly and rests solidly on top of slice; this condition is apt 
to be met when posts in slices are shot down. For handling small areas of mat which “hang up,” ses 
Morend-Metcalf distriqt. Art 72. 
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Reoovwy of timber ia rarely attempted in top^oinc. largely becauM ehaap timber ia uaed, which 
will not atand removal and reuae. But. poaaibilitiea of salvage are indicated by following atatement 
from P. B., Scotland, Qen Supt Aria Copper Co, Morenci, in 1914. 

“In mining coal by longwall method (Art 108), 26 to 60% of the atulla supporting the roof are 
recovered. When mat becomes thicker in our top-elice stopes, a sin^ar saving might be made. At 
present, the mat is often penetrated and broken by vertical stuUs, which would not occur if they 
were removed. In longwall working, it ia . . . more economical to timber closely and make large 
recovery of atuUs than to reduce the number of supports and lose aU of them.’’ 

Height of slices, (a) Height of drift-slices and of those where sills of the floor above 
are picked up on sttUls is limited by max length of piost that can be handled; this is de¬ 
termined partly by sise of openings through which timbers must pass and partly by com¬ 
parative costs of handling and erecting timbers of different lengths. Usual height of 
drift-slices is 10 to 12 ft (Table 45), which represents an economic mean of all the factors. 
Art 71 gives examples of high drift- and prop-slices, and reasons for their use. (5) In very 
heavy ground, height of slice is generally reduced to avoid need for heavier posts, which 
cost more to handle and often more per bd ft than the 6 to 10-in diam commonly used. 
Long posts also tend to fail by “swinging’’ under heavy pressure, (c) Mode of timbering 
influences possible height of slices. Square-set slices may be several floors high; slices 
17 to 20 ft high are sometimes limbered with 2 superposed tiers of drift-sets. Lateral 
pressure from caved ground limits use and height of such slices (278). (d) Higher slices 

are possible under a thick strong mat than under a poor one. Low slices are often taken 
at top of orebody until mat is well formed, then the height is increased to its economic 
wiavimiim. (e) Character of ore may limit height of slice. At Miami (Art 72), ore 
sloughed off the top of faces higher than 10 ft faster than it could be mucked out and the 
bottom shot; this caused mat to cave prematurely (285). (/) Height of slices should be the 
economic max, to reduce the number of sub-levels and amount of flooring timber. 

Hand loading. In horix top-slicing, all ore broken in slices is shoveled. This is a 
disadvantage of the method and shoveling plats should be used. Ore is shoveled direct to 
raises or into barrows or small cars. Direct shoveling is cheapest, but requires raises 
spaced 2fl-30 ft apart throughout the orebody. Factors involved in choice between 
barrows and cars, for transport to raises, are illustrated by the following extreme examples: 

At Bingham, Utah, ground wa.s very heavy, slices were narrow and timbers required 
much reinforcement. Barrows holding 350 lb were used on sub-levels. 1 000-lb cars were 
found unsatisfactory; they could not make the short turns required, nor reach far corners 
of stopes, nor pass distorted timbers in narrow runways. It was found that leads for 
barrow work should not exceed 75 ft (66). Before the general use of radial slicing and 
scrapers on Mesabi Ranc^, Minn (Art 71), ore was handled in cars at much lower cost 
than in barrow's; sub-levels were straight and usually stood without timbering; slices 
were wide and laid out systematically; tramming distances on sub-levels reached 300 ft. 

Mechanical loading (Sec 27). Scrapers or other mechanical loaders usually reduce 
cost of handling ore broken in slices. Scraping is usually called slushino in Lake 
Superior district when done with a single-drum hoist. Ore may be scraped directly into 
raises (Fig 481), or up a slide into cars for tramming to raises (Fig 469), or there may be 
2 scraping operations: (a) to got the ore out of the slice; (b) to scrape it to a raise (see 
Copi)er Queen mine. Art 72; Utica Extension mine. Art 71). In Lake Superior iron dis¬ 
tricts, ore in slices is now handled almost entirely by scrapers with double-^um hoists. 

Gravity loading. In high square-set slices, ore from upper floors is handled through 
chute-gates (Fig 479). In inclined top-slicing methods (Art 73) the floors of slices are 
driven on an upward slope of causing broken ore to slide out of the slice into 

funneled chute raises, or into a narrow square-set or shrinkage stope opened as part of the 
development preparatory to slicing. * 

Ore-storage. Chute-compartments of raises provide for this, which aids in maintain¬ 
ing steady output. Storage capac decreases as slicing approaches a level. Close coopera¬ 
tion between minora and trammers on levels is then necessary to avoid delays. "Hanging 
chutes’* sometimes provide storage, while slicing on lowest sub-level of a lift (Art 90). 

Sorting. Waste unavoidably broken is thrown back and becomes a part of the mat; 
top-slicing is not adapted to ores requiring systematic underground sorting. 

Formation of mat. Slicing may begin directly at the top of orebodies overlain by 
SOFT GROUND, using Spiling, where necessary, to advance sub-levels or slices. In heavy 
ground, this work is slow and costly, and causes unavoidable mixture of ore and waste. 
An alternative, which may be cheaper in spite of the ore sacrific^, is to start slicing 5 or 
10 ft below top of orebody. Pillars thus left cave on the floors in highest sub-level, uid 
aid in holding back line waste during flrst stages of work. 

Top-slicing is used also for mining orebodies overlain by a bock capping; contacts 
between ore and capping are often irregular. It is then essential that the capping shall 
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cave and not hang up over large areas, which may give way suddenly with disastrous 
results; a fiat surface under which to begin slicing is also necessary. Hence, irregular 
tops of orebodies are usually mined as open square-set stopes (Art 45). Following are 
examples of practice (see also Mesabi square-set slicing. Art 71). 

At Detroit Copper Co’s mines, Morenci, Aria (Art 72), tops of highest raises were con* 
nected by drifts and crosscuts, from which an open square-set stope, usually 10 to 20 ft 
high, was carried to capping. Stringers of ore extending into capping were followed by 
raises, which also weakened the back. Stope floor was covered with 2 layers of 2-in 
plank, at right-angles to each other. Deep uppers were drilled at short intervals in 
back of stope; holes were also drilled in posts of square-sets; all holes blasted simul¬ 
taneously (279). 

At Aris Copper Co’s mines, tops of orebodies were mined by open stopes, square-set 
stopes, or sub-level caving (Art 75). A double floor of 2-in plank was laid; overburden was 
caved either to surface or sufficiently high to make it safe to work under the mat (178). 

At Cananea, Mex, tops of orebodies were mined with square-sets. Flooring was of 
2-in plank laid on 5 by 10-in sills, 10 ft long. Capping sometimes stood long enough to 
allow salvage of some timber. When capping hung up, sets were not blasted down, but 
filled with waste to form a cushion atxivo the mat on which large slabs might fall without 
endangering work in slices below (282). 

In this work a continuous Bquare-.set stope over whole area of orebody is unnecessary. 
As 1 or 2 floors of cat'cd sets sufficiently protect the slices, stopes of this height are opened 
at different elevations in different parts of the deposit, as required by irregularities in 
lower surface of capping. This avoids high square-set stoi)es of large area, and does not 
interfere with slicing. Where contact between ore and capping is regular, simpler methods 
of starting a mat are feasible. If capping is very soft, slicing begins at top of orebody, 
usually with double floors in first few suLv-levels to build up mat quickly. In harder 
ground, a breast stope 8 or 10 ft high is carried acioss top of deposit, with stulls and head¬ 
boards to support the back. After laying a floor, the timbers are shot down. Foregoing 
operations are also preliminary to other caving methods in which weight of caved ground 
above the workings is an essential. 

Ventilation is generally poor in top-slicing unless fans arc used. Slices often form 
“dead ends”; decaying timbers in mat give off heat and some CO. For example of arti¬ 
ficial ventilation, see Miami, Art 72, where the installation of blowers caused marked 
increase in effic of labor (285). 

Percentage extraction by top-slicing is high; usually only 5-10% of total ore is lost. 
Further details are given in Art 71-73. 


71. TOP-SLICING IN IRON MINES 

Mesabi Aange, Minn, thicker deposits. In essentials, the following data on top-slicing 
(contributed anonjTiiousb in 1938 by one of the Mesabi mining companies) apply to, and 
are typical of, any underground mine on the Mcsalii Range, when the orebody is thicker 
than can be mined by one slice. Drilling and blasting are done in timbered slice-drifts, 
extending to the predetermined limit of the orebody, and retreating toward main haulage 
drifts. 

Conditions affecting choice of method. Orebodies of the Mesabi Range are flat-lying 
deposits in shallow troughs, of great lateral extent os compared to depth; usually overlain 
by slate, taconiie (ferruginous chert) and glacial drift, in places, by glacial drift alone. 
The orebodies are generally less than 200 ft thick, max 400 ft. Overburden varies from a 
few ft to over 300 ft. Underground mining is adopted when open-pit methods are not 
physically or economically applicable. Such factota as form and dip of orebodies, varia¬ 
tions in strength of ore and wall rock with depth, and structural irregularities, as faults, 
slips, fissures and fracture zones, have little influence in the choice of mining metbods, 
as they are of minor imr>ortance on the Mesabi Range. 

Main development. Shaft locatio.v. When the size, shape, and depth of an ore- 
body to be mined undergrotmd has been determined, the shaft is located in rock n«ur 
deepest part of orebod.., so that as much ore as possible will be tributary to it, and the 
deposit will be completely drained by it. Shaft pillars in ore are avoided; possible dis¬ 
turbance by subsidence receiver careful attention. On surface, consideration must be 
given to topography, adequate space for plant, timber storage, stockpile ground, I'allway 
connections; also to adjoining operations, present or future. Main haulagb lbvjci.. 
In many Mesabi Range mines, it is possible to develop the mine with only 1 main haulage 
level, which is located in ore, on or near the bottom rock. If the tonnage is large and a 
long life assured, economy of upkeep and repairs favors the driving of main drifts in the 
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bottom rock. If the orebody ia 100 ft or more thick, 1 or more tramming levels are driven 
to avoid choking of ore in long chutes, and facilitate movement of timber and supplies. 
The plan of the main level conforms with the shape of orebody and contour of bottom rock. 
A system of parstllel drifts in direction of the long axis of the orebody, connected at intervals 
by cross drifts, is desirable because it promotes ventilation, more rapid drainage, permits 
a greater number of chutes, and the routing of traffic in one direction. The main haulage 
drifts are usually 8 by 8 ft (inside) if timbered, or 9 ft wide and 8 ft high in rock. In 
timbered drifts, sets are 5 ft c-c, the back lagged with round 3-6-in timber; sides are lagged 
when necessary. These drifts are generally on a 0.5% grade, in favor of load. 

Sub-level development. The top sub-level is located to provide a height of ore of 
12-14 ft above its floor. Vert cribbed raises, 5 by 5 ft if to serve as chutes, are driven 
on one aide of main haulage 
drifts, are usually 50 ft apart, 
and are carried to top of the 
ore. From these raises, 8 by 
8-ft crosscuts, usually timbered, 
are driven at right-angles to 
main-level drifts, at the clev of 
the sub-level, until the extreme 
edge of the orebody or property 
line is reached. If the bottom 
rock is encountered, the drifts 
ore continued at a higher elev, 
involving a transfer of ore from 
beyond the rise. At intervals, 
the sublevtil drifts ai'e con¬ 
nected by crosscuts, for ven¬ 
tilation. 

Mining by parallel slicing. 

Slice-drifts are started at the 
far end of each crosscut from 
the chutes, by blasting out the 
full height of ore and erecting 
an “opening” 3-piece sot of 
timber (No 1, Fig 468). Capa 
are lengthwise of the crosscut, 
and the slice-drifts are driven 
at right-angles. Set No 2 is 
next placed, as opening set for 
the second slice. Sets 3-9, on 
approx 6-ft centers, are then 
mined, the breiist of the slice- 
drift now being within 2 sets of 
the corresponding sublevel 
drift to be driven from the ad¬ 
joining crosscut. Sets 10-16, 
and 17-20 are then removed, 
in order. The room thus opened ^*8 ^68. Details of Top-slicing, Mesabi Range, Minn 
is now 2 sets wide and, if under 

a loose back, it carries considerable weight. If*so, poles are laid on the floor irr 
longit rows at 24-in centers, and covered with 42-in diamond-iticsh wire fencing. Sides 
of the rooms next to solid ore are also covered with fencing, stapled to the posts. The 
inside posts and caps arc then blasted out, allowing thepoom to fill ith waste from above. 
The fencing prevents intermingling of waste and ore, and protects the minor when working 
underneath or alongside the caved room. If the back is of sand and gravel, as wire 
fencing will not prevent contamination, 3/g. to ^/s-in hardwood Ixiards are used; some¬ 
times with wire mesh to reinforce the boards. This operation is repeated until entire 
sublevel is mined. Meantime, the second sub-level, 12-14 ft below, is developed so that 
mining can begin there under the cave when the work above has retreated far enough to 
mine safely. The order of removing the slices, as describ'd, may be varied to meet local 
conditions. If the ground above is heavy, the order in the second slice-drift might be 
No 15, 16, 14-11, leaxung No 10 to support the entrance until 19 and 20 are removed. 
In very heavy ground, a slice-drift is dropped as soon as completed. The upper surface of 
the orebody ia often vei'y uneven. Should the ore extend higher aliove the sublevel than 
can Ijo mined by 1 slice, a second slice-drift superimposed upon the first is driven, dropping 
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tlw ora down to the floor of the first (X, Fig 468). Near the boundaries, some ora usually 
remains between the sub-level floor and the bottom rock; as its thickness is not great 
enough for slicing from the sub below, this ore is recovered by stoping up the bottom 
before caving {Y, Fig 468). 



Rssr Elev of Side Elev of Slice Drift 

Slice Drift 


Fig 469. Slice-drift, Scraper-loading to Car 


Loading and traxisport Formerly the ore was loaded by hand shoveling into barrows 
or cars. Now, scrapers are generally used. If distance to chute is great, sub-level cars 
are loaded as in Fig 469; otherwise, the ore is mechanically scraped to chute (Art 91). 



Caved gronod 


Fig 470. Radial Sliouig, Mesabi Range, showing 
Sucoessive Stuges of Removal 


Elec haulage is general on main 
levels. 

Mining by radial slicing. The 
adoption of power loaders has 
caused a change, under certain 
conditions, from the usual methods 
of top slicing to “radial” slicing. 
Scraping to cars or chutes with 
single-drum air hoists, as early 
practiced in parallel slicing, re¬ 
quired snatch blocks to turn cor¬ 
ners, or else the movement of ore 
in 2 or more operations. The first 
step towards radial slicing was the 
use of more chutes, 20-83 ft apart 
(Fig 481). This permitted a direct 
pull from the slice-drift at right- 
angles tu the chute and from drifts 
radiating from either side; and 
also the blasting of ore in the first 
2 sets directly into the chute. 
With the adoption of double-drum 
elec hoists, returning the scraper 
to the working face mechanically, 
the length of slice-drifts was in¬ 
creased to as much as 100 ft, 60-70 
ft being common, and close spac¬ 
ing of chutes l>ecame unnecessary. 
By starting a new slice-drift from 
the side of a completed slice, and 
lengthening the caps as the dis¬ 
tance from the chute increases, a 
fan-shaped .'u-ea is mined with the 
chute at its apex. Advantages of 
radial over parallel slicing are; (a) 
high production per miner; (b) 


unnecessary to maintain a cross¬ 


cut for a considerable time; (c) reduced wear on ropes and snatch-blocks; (d) hoist 


operator has full view of scraper most of the time. Fig 470 shows successive stages in 
mining by radial slices; Fig 471, 472 show variations in method. There is no standard 
plan, because after preliminary development the mode of attack depends largely upon 
character of the ground, and weight and movement of the cave above. 
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Tlniber. Top-elioing requires relatively cheap timber and lagging, such as round 
green timber with the bark left on. Capa are 8-10 ft long and 10 in min diam; 
posts up to 18 ft, 7-in top diom. 

Laggmg in main drifts is 6-8 ft 

long, with 3-m top, live tamarack i q' ^ 1 

being beat; in the slices, split cedar j- 

with 3.5-in min diam. Timber \ ® ® m 

consumption per ton of ore depends \ - K 

on: the sub-level interval, whether j' @ / ■v 

bottom and sides of slices are / / ' p. _©_ M 

covered by boards or wire fencing, / !® ! '^v 

and height, width, and spacing of X /l^ ®irN' N 

sots in slice-drifts. Aver consump- lw| 1 

tion in the mines of one large gj /j |/ / © ^\ ''v©''£■?> 

Mesnbi company is approx 3..50 / / /®/'^ 

bd ft of round tinilier and 0.0046 ; , I / / 

cord of 6 -ft lagging per ton of ore. I © ^,^ \ ^ \/ / ^^ 

Expixisive is a semi-gelatin 45'o- 5''s^ s \\ y 

60% dynamite: consumption is \ \ y'‘^' -”® 

about 0.5 lb por ton of ore. Out- a ___ 

PUT PER MAN-SHiTT Underground is ^ ~ ^ ^ 

from 8.25 tons in multi-suWovel pig 471 . Radial Sliring, Mcsivbi Range, showing 
operations to 13 tons in thin one- Variations in Plan 

slice mines. 

Mesabi Range, Minn, thin deposits. Data from .1. V. Claypool in 1937 (26^ and 
1938 refer to slicing of deposits averaging about 10 ft thick in tlie Hibbing-Cliisholin 
r—. —,—,—. district. Capping is usually a bed- 

vVI®'® 1 ®'“'^''^!'“ ® ded, lorruginous, slaty paint rock. 
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Fig 471. 


Radial Sliring, Mnsivbi Range, showing 
Variations in Plan 


® ded, lorruginous, slaty paint rock. 

\ \l i 1 / / Total overburden is 70-240 ft deep, 

\ \ ! ! \ '' / 4 r'' '' which glacial drift may compose 

W 1 l/ \ '' ''' ' f /W 70-100 ft. Nature of capping is 

\ \ • I/® '^x '' / 1 ^ mining becomes dangor- 

\ \^ ^ ' / \ V ous unless done under skilled super¬ 
's, X j \ \ \ vision and in accord with practice 

\ 'v ' / \ \ bas(*d on experience. Orebody is 

'S X. } \ I dixddcd into slicing panels (“pillars'’) 

\ \ I 11 100 ft wide, through the center of 

-r--:nr 7 -- ~i -- each of which an 8 by 10 - or 10 by 

Katse-nSI H^-2' IS _ 10 -f I timbered drift A (Fig 473), pre- 

Fig 472. Radial Sliring, Mesabi Range, showing ferably at right-angles to haulage 
Variations in Plan drift, extends to the ore limit, a dis¬ 

tance of 400-700 ft. Slicing starts at the outer end and runs 50 ft each way from the ent^ 
drift. Slices are 10 ft wide and from 3 ft high on Ijoundaries (“shorelines") to 18 ft in 
the main orobody. Drift sets are 6 ft 4 in c-c, with round tamarack sprags of 3 to 6 -in 
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Fig 472. Radial Hlirin 


Radial Slicing, Mesabi Range, showing 
Variations in Plan 



yig 473. Parallel Slicing, Bibbing-Chisholm Distr, Minn. If 6-c is a shore line, the 2 cap. .. 
and all poets except those along b-d and d-e are blasted; if b-c is a face of niinable ore, this side 
abo is wire-fenced and ite posts are not blasted 














10-306 


CAVING METHODS 


diam. For safety, TnaBBK used is of good quality. Posts are of green Norway, jack, or 
white pine, with 7-12-in top diam; caps, of same material, are 10-14-in. Caps were 
formerly 8 ft long, but experience showed that 10-ft caps afford better control of caving. 
Back poles are of live tamarack, 8 and 10 ft long and 3-5 in at small diam. Split lagging, 
of live white-cedar, is 7 ft long, with min diam Of 3.5 in. For lagging above the back poles, 
6/g-in hardwood boards are used. When starting sucinq in a new “pillar” of solid ground, 
a room 3 slices wide and 100 ft long can usually be opened before the wt warrants blasting 
down. .4 room should show considerable press before attempting to cave it. When a 
room is ready for caving, its sides and ends next to unniined ore are covered from top to 
bottom witli 42-in diamond-mesh fencing. Strips of fencing overlap a little, so that 
openings do not occur when press is exerted by debris following blasting of the timber. 
After a room has been fenced, the inside posts (all except those against solid ore) and the 
caps a of the 2 opening sets in the outcimost slice are bored and blasted. Beat results 
are when posts and caps of tlic 2 oi>oniiig seta, next to the room entrance, are fired first. 
After caving the initial 3-slioe tckhii in a given, “pillar.” the following rooms are only 
I slice in width. \Vt and diagonal press are lusually troublesome in the second and third 
slice of a group, as the capping i.s strong enough to hold togetlier until the third slice is 
blasted down; it then sliears off and eomos down eompletcly. Retreat in one pillar usually 
precedes that in the adjoining T>illar by 3 or 4 .slices, or more if the back is hard to control. 
Slicing stops at 50 ft from haulage drift, after wliieh the pillars of that drift are similarly 
sliced, retreating towards the shaft. Transfer of ore from ilie breast into chutes (as required 
when irregular bottom makes a footwall li.'iulfige drift desirable), or into cars for transport 
to shaft, is done with power scrapers. Slices are well lighted with 100-w flood lamps, so 
that miners can see the back at all times from a safe distance. Output per man-sliift 
undergrouml a^'orages 13 long tons. Kxplosive, G0% senii-gelatin, 0.5 lb per ton. Timber, 
2.5 bd ft jicr ton. 

Miscellaneous data on Mesabi practice. Following notes arc based on data published in 1912, 
1913, and 1924, by C. K. van Hsrneveld (35, 4b21; W. ISayliss, E. D. McNeil, and J. S. I-utes (275); 

L. D. Davenport (276); A. L. 
Gerry (277). The descriptions 
appl.v chiefly to hand loading, 
now laigely displaced by power 
BciapiTb, but are suggestive in 
showing vaiiatioiis in .slicing de¬ 
tails used to meet special con¬ 
ditions. Dhift-.si.icin<i at enoR 
Olt “shore link” Of’ PBPOhlT. Fig 
474 shows method, 3 by 3-ft twt 
raises H were first put up .50 ft 
apart, to determine height of ore 
over the sub-level. At C, where 
ore was about 7 ft high, crossrut 
DE was driven, 7 ft wide and full 
height of ore; hrst slice ISP' woe 
then taken. CToa.scut and slicea 
were timbered with 3-piece sets, 
with 7-ft caps and vert posts of a 
length to suit height of ore. Slice 
EP' was advanred until ore became 
Fig 474. Starting Slices at Edge of Deposit, Mesabi too thin to work; poste of last seta 

were usually 24 to 30 in. Other 
slices were driven alongside (sec dotted lines). Ore una shoveled or wheeled to a our in ciosscut DE. 
As the rock at shore line usually rose at a ateep angle, it did not pay to turn the track into the 
slice. For this kind of work, sets are liest placed with their cajis along the sides of/>5', instead of 
across it (Fig 47.5). Thi>ugh slicing could have been sfaried diiectl.v from the sub-level drift, a dis¬ 
tinct gam resulted from driving :i pichnunaiy cros.-scui, and slicing up the slope of the bottom 
rock, ore eainc down grade, posts of .slice-sets weie of about equal length, and the whole layout was 
mure flexible. When ground in slices In'c.imc licji’’y, tlie timbers were shot down and new slicee 
started alongside: all ground to right of DPS woe thus mined and caved 

Square-set slicing. Top of orebody i.s usually rolling, height of crests frequently reaching 30 or 
40 ft. Square-set slicing i been iiscfl in such cjises, especially w'heii the area was small. Jtaiseii 
could be put up, and aunt her siib-le\cl opened for iniiiing in 2 drift-slices, but this involves costly 
development, diffieiilt veiililution, ai',1 dcluj in ore pioduction Square-set slicing was done in 
rooi’is 2 or 3 sets wide and 2 to 4 sot- high; coiiiplclr’il rooms were boarded up and caved as in drift- 
slicing. The method wtis elastic. Fig 474 .shows typical conditions; the roll at G was 26 ft high, and 
would be sliced from exintiiigsii) -level. The cl ange fiom drift-Blicingwoiild begin where ore wes about 
17 ft high. The first squ,are-set slice was taken in tlic solid, leaving 1 set of ore standing between it and 
last raved drift-slice, to insure that the square-sets were m line and at right-angles to sub-level drift. 
This slice, 2 sets high, v/ae timbered as it advanced; the pillai between it and the drift-slice was then 
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mined, the order ci removing eete depending on weight of ground. In euoeeeding equare-set rooma, 
the firet aUce was token alongside the cave, the caps connecting with the timbers on wall of previous 
room. Chisholm set (Fig 334, Art 49) illustrates sise and type of square-eet used. Fig 476 shows a 
room next to the cave; ground was first excavated for set A, which was firmly blocked; top was 
.lagged, except a space 18 in wide across the set, which was covered with 
cross-boards, and served as a chute-gate for loading ore broken above. caved,i« ' 

Ground over A was then broken into with a hole as in Pig 477, and exoa- 
vation was squared up to take set B; set C was then raised, teoken ore 





Pig 477. First Hole 
for B Set, Fig 476 




Fig 478, First Hole for 
D Set, Fig 476 




Fig 476. Chute for Square- 
set Slicing, Mesabi 


on set A, so that the long dimension of chute opening would be parallel to the track turning from A 
into D. Seta E and F were then mined, fioui sets B and C. ork was resumed on sill-floor in set O, 
and continued until a slice 1 set wide had been mined along the cave side of room; set H and those 
over it were taken last. Hccond slice was taken in same way, 
starting with set A' (Fig 476); ground in sets over A', D', G', 

etc, was attacked from open sets over A, D, G, etc. Truck j afiSs 

was run into the first slice only; ore from upper sets of second j lH ^ Ks-;'* 

slice was handled to cars through rough chule-gutcs (Fig j K§).' 

479). Usual length of rooms was 61.67 ft, which took 7 sets, 

including set in suli-lovel drift; caiw of odd length were used I 

at ends of connecting rooms. Square-set slices rarely exceeded \ g 35 

4 sets high; if liighcr, the side press,ure from caved ground Mw/Aw. 1 O j 

made it difficult to prevent timbers from swinging. On 

finishing a room, all lagging was dropped to sill-floor, and • dak iBKi 

used for boarding up posts along the solid side and end (Fig ^ 

48U). In upper sets, posts next to ore wen* boarded with horia ]( y/////////.-'/M I 

1-in boards, and the room floor covered with the >ame. Holes k ' 'V!!*' 1 | 

were then drilled in some of the tirnliers and charged; en- Drift ' bM?.' ^ 

trance to room was boarded up and tirnliers wore shot down. ^ .... Tygr ^ I 

Rooma might be blasted with or without system; Fig ^0 I ** 

shows a systematic method; timbers marked by arrows were w///////////m J, 

blasted; caps and posts at A, B, and G were expected to act 

as props and allow room to cave without disturbing timbers ^''"fw///////////ff//v^^ 

against solid ore. fiome foremen shut down posts next to PLAN 

eave, 1 or 2 center pests and a few caps, claiming it caused FIR iswiff —a 

better settling and left timber in better shape for working ^ 

adjacent slice. Some timbers on the ore side of room often Bl* ii 

fell when the cave occurred; they were replaced as ground drift Ilk 

was timbered in taking the slice alongside. / jWV jj 

Prop-slicing. In extensive areas where ore was overlain 
by considerable thickress of firm taoonite, slice at top of VERT SEC XY 

deporit hM been taken out vntb props spaced “fp; 480 . Boarding-up Rooms and 
max length of prop, 20 ft. Some orebodies 5-18 ft thick Blasting Timbers, Mesabi Square- 
lay between 2 layera of taoonite, the roof layer being 40-60 set Slicing 

ft thick, very hard and tough and caving only when a large 

area was mined out Such ground was developed by a main haulage road, from which drifts were 
ruD 60 ft apart to the “shore line"; pillars were then mined in 10 -ft slices. Drifts were timbered with 


Sub-leveL 

drift 


mm 

PLAN 




VERT SEC AY 

Fig 480. Boarding-up Rooms and 
Blasting Timbers, Mesabi Square- 
set Slicing 
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3-pieae Mta; alioea. with 10 to 18*i& props, placed 3-6 ft apart on cave side of slice. Where heii^t ot 

ore exceeded 12 ft, 1 floor of equarensets was erected 
and 2 props were set on each cap. This form of 
prop^lice is an open, stulled slope; it gave cheap 
ore and left larise rooms which were not caved un¬ 
less roof required it; the roof came in large blocks 
when it caved. 

Scrajnng into raises. Early development 
plana, for hand loading into cars, required long 
trams on sub-levels. Better adjustment between 
these and haulage by elec loco or mule on main 
level was secured by type of development in Fig 
481. At intervals of 50-100 ft along main drifts, 
crosscuts are driven to reach all ore above by vert 
raises, liaises from crosscuts are 25-35 ft apart, 
and connected by crosscuts on each sub-level. 
In parallel slicing, slices extend both ways from 
raises to lines midway to adjacent sub-level cross¬ 
cuts. Scraper handling has replaced hand loading. 
Each raise serves slices 1, 2, 3. Top of raise is 
funnelcd toward slice 3 (T, Sec A A, Fig 481), and 
the corners of slice 2 are removed near orosacat 
to allow ore from shoe 3 to be scraped into the 
VERTICAL SECTION AA raise. After elice 2 is mined, the raise is funneled 

Fig 481. Drift Slicing, _ Scraper Loading towards slice 1, as at F. Single-drum hoista were 
(diagrununatic) formerly used, with 25- to 36-ft hauls to raise. 

With double-drum hoists, slices 50 ft long on each 
(ride of raise are common; these hoists, with radial slicing, made close spacing of raises unnecessary. 
Adaptation of power scrapers (Sec 27} to development plans, origin^ly laid out for hand load¬ 
ing, has been done in 2 ways: 

(a) ore is scraped up slides 
at entrances of slices and 
into cars (Fig 469) Iramnied 
by hand to raises: (5) ore is 

scraped out of slices to the Timber drift 

entry or “transfer” drift, 
and thence to the raises by 
another scraper. Fig 482 
shows general plan of such 
an installation, where aver 
length of transfer drifts is 
340 ft (268). For further 
details of this installation, 
see Art 01. 

tltica mine, Eastern Me- 
sabi Range. Data from C. E. 
van Barneveld in 1924 (482), 

Orebody was a bed of hema¬ 
tite, 10-45 ft thick; dip, 
slight; capping, paint rock 
and taconite. Fig 483 shows 
development and illustrates 
difficulty of applying top- 
slicing in thin orebodies with 
flat dip; see “Requirement 
(/),” Art 74. 

Mine was opened by a 
vert shaft V, placed to cut 
t he deepest ore near projicrty 
line. Main level comprised 2 
haulage drifts F, H, con¬ 
nected at intervals by loops 
L. Drift F followed or cut 
into foot-wall; drift 11 was 
kept as near hanging^ wall 
ns depth of ore perroitt.d. 

Raises R were 50 ft apart 
along main drifts. Sub-level 
interval, 13 ft; sub-level de¬ 
velopment comprised a senes 
of parallel crosscuts from I'ig 482. Use of Scrapers in Tnp-slicing, Utioa Ext Mine, Mesalri 
the raises, connected by Range, ^liiiu 

timber drifts T (See A A, Fig 

483). To meet problem of handling ore to the shaft from top sub-level (52 ft), the 26-ft sub-level 
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wu de\ sloped as an intermediate motor- 
haulage levelf eonaieting of 2 drifts V, E, 
oonneoted by oroBscut X with a transfer chute 
C leading to a shaft pocket on main level. 
Raises B were put up 50 ft apart from drifts 
D, E. and from them crosscuts were driven to 
limits of ore on the 39-ft and 52-ft sub-levels. 
Sub-level crosscuts were timbered with 6-ft 
posts and 7-ft caps. Development on lower 
sub-levels was not undertaken far in advance 
of the time when it waa needed. Slicino 
began at top of orebody, as indicated at S, 
Drift-slices timbered with 11 to 12-ft posts and 
8-ft caps were run half way to adjoining cross¬ 
cuts. Entire breast was drilled and bloated 
at one time. Before caving, poles 16 ft long 
were laid lengthwise on floor of slice and 
covered with boards laid crosswise. In work¬ 
ing under hanging wall, some areas required 
slices 2 seta high. Timbeh consvu 'riON per 
ton of ore; lumber, 1.413 lin ft; poles, 1.868 
ft; plank, 2.963 ft; lagging, 0.0027.S cord. 
Development as in Fig 483 w’as planned for 
hand-loading; length of slices could have been 
increased for scraper work. Some ore was 
scraped into cars with slip scrapers and single- 
drum hoists; sometimes low headroom under 



Fig 483. Top-slicing, Utica Mine, Minn (diagram- 
inatic) 



Plan of 7th Sub Level 



Vert SecA-B 


Fig 484. Top-eliciug, Iron River Distr, Menominee Range 


hanging wall interfered with 
free dumping of scraper and 
iuoreased leading time. 

Iron River District, 

Menominee Range. Data 
contributed in 1938 by C. 
D. Bailoj', Di-atriet Engr, 
Pickunda Mather & C7o. Fig 
484 shows present methods 
of top-slicing. Ore is mas¬ 
sive hematite; it stands un¬ 
supported in most sub-level 
drifts and raises, though 
some of these and parts of 
the main levels require 
tiniliering. Orebwlies being 
top-sliced either extend up 
to the overlying sand or 
have weak hanging wall. 
l^BVELOPMENT. Entry is 
by vort shafts; usually of 3 
eompts, for 2 ore skips in 
balance and a man cage. 
Main haulage levels are 1.50 
ft apart. When a new level 
is opened, it is customary 
to drive the intermediate 
Bub-levcl (Fig 484) at such 
clev as to halve the length 
of the main raises. The 
sulvlevel interval is 12.5 ft, 
increased to 14.5 ft when 
possible. Single raises are 
used as ore passes, with 
additional ones fur ladder 
roads, timber ways or 
handling machinery. The 
raises are rarely cribbed. 
Main ore raises arc 60- 
100 ft apart. Mining. 
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Where orebodioa are wide enough, a “square" system of slicing is used. The ore is 
dropped down one or more sub-levels through small raises, to a transfer drift whore 
it is scraped into a main raise. The slices are parallel and 6(>-100 ft long. Irregular 
remnants of ore are mined by radial slicing. Slices are timbered with 3-piece hardwood 
sets, of 10-ft posts with 8-10-in caps; 12-ft posts are used where tlie mining height is 14.5 
ft. Forepoles and lagging are used for holding the back. When a slice is advanced 6 ft, 
floor is rovcied with 1-in lioards 16 ft long, overlapping floor in 2 preceding sections and 
making a triple layer under entire slice. Timber, lagging, and boards are trucked in on the 
abandoned haulage level, and thrown down to the suWevel where they are to bo used. Wet 
jackhammers, with '/g-in hex steel, are used in the harder ground; dry auger macliines in 
soft ore. Hoe-type srrapers, operated by double-drum a-c motor hoists, move broken ore 
into the raises. Each power scraper has 2 extension elec light cords, and permanent 
lights are installed in levels and raises. When starting a new iilace, 2 slices are driven 
before blasting them down, but when slicing alongside a cave, each slice is blasted when 
finished. This is done by shooting each post on the caved side of the slice in 2 places. 
Miners are paid by contract, on basis of number of cars of ore produced, or number of 
feet of development driven; the pay is never less than the district flat rate. Forced 
ventilation is required. In addition, 2-lip a-c fan.s, with ventubing, are used for each slice. 
The ore is drawn from main ore raises into 3-ton rocker-dump cars, hauled by d-c trolley 
locos to the hoisting shaft. Air gates p^e^’cnt sticky ore from sliding into the shaft 
after the skip has left the station. Where main ore raises are wet, ore is scraped from 
bottom of the raise into the cars to minimize the danger from rushes of soft ore and water. 
Gbnbbai. opeeatino data (aver for district). Production jier miner, 22-25 tons per 
day. Explosive, 0.6 lb per ton; boards, 1.87 bd ft per ton; timber and lagging (variable), 
3.7 lin ft per ton aver. 


Caspian mine, Menominee Range, Mich. Data from W. A. McEm-hern in 1911 (288). Early work 
at this mine is of interest in showing application of lop-sIicing under difliciiH conditions. Urehody 
was massive hematite, overiain by 130 ft of drift conluiinng niucli water Etdry was by vert shafts 

sunk in wails. First level was 25 to 30 ft below 



PLAN ON SOb LEVEL B 


overburden, level interval was 50 to 75 ft; 
lateral development on each level comprised a 
cro,s.Heul from shall, and a drift along deposit 
from ahjvli ero.ssf'uts were run to walls at 60-ft 
intervals. Ore at top of depo-sit eould not be 
mined until (iverlying sand had been drained, 
'nhirh was done a.s lollows' 48 biiiidl raises were 
pul up from 1st level (sub-level C, Fig 4S5). at 
dilTerent points. In each raise a 12-ft test hole 
was drilled ahead, then a round of 6-ft holes 
was blasted; 1 round was blasted after test hole 
reiieheit sund, leaving 5 to 6 ft of ore at top of 
rai.se, 3 more holes were drilled through this 
pillar to h.'isticii drainage, which took over a 
year. Prior to and during drainage operations, 
production was begun by opening shrinkage 
stopcs between 2iid and 3rd levels: Ore was 
strong enough to stand in slopes 25 ft wide, 100 
ft long and .50 ft high, with 26-ft pillars. Suc- 
INO (Fig 4S.‘). (’ribbed, 2-coinpartment raises 
It were put up from sub-leve.l about 40 ft 
apart. Hub-level .1 was opened about 5 ft below 
top of ore by driving drifts and ciosscuts, as 
shown on plan of sub-level Ji. Crosscut I? was 
driven to No 2 sliaft for ventilation and han¬ 
dling timber. Rlocks between crosscuts were 
mined m drift-slices, 8 ft wide by 10 ft high, 
retreating from walls toward central drift. No 
attempt was made to recover the 5 ft of ore left 
over sub-level A ; it aided timbers in forming a 
mat to prevent sand from mixing with ore. 
Central drift and crosscut to shaft were kept 
open for transport of timber to the 2 succeed- 


Fig 485. Top-slicing, Caspian Mine, Mich sub-levels, by leaving 10-ft pillars on each 

side. l.ower sub-levels were similarly mined. As 
pillars between shrinkage stope'i were sliced, ore was drawn from stopes to let mat settle evenly. 
Method resembles “panel slicing" at Mc’-enci (Art 72). .Scrapers of reversible hoe type (See 27) 
were introduced here in 1922 for loading ore in slices. During last 6 months of 1923, output per 
man-shift scraping averaged 12.53 tons, for 18 826 tons of ore; aver output per man-shift in 
hand-loading 94 000 ions daring same period was 7.41 tons (482). 
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Marquette Range, Mioh. Data contributed in 1938 by Carl Brewer, Chief Engr, 
Clevclanf'-Cliffs Iron Co. Orebodies of soft hematite occur generally in flat-dipping (15®) 
troughs; width to 1 000 ft; thickness, 20-50 ft along the edges, to 300 ft in the center; 



Fig 486. Top-slioing in Nogauuee Diatr, Marquette Range, Mich. Typical Plan. Small numbaie 
indicate sequence of alioes. Hatched areas are caved 


length, 2 000 ft or more. The trougl^s are of 2 characters: (a) synclines intersected longi¬ 
tudinally by vert intrusive dikes; (b) Y-shaped troughs between nearly vert dikes and 



10-312 


CAVING METHODS 


flatter footwalls. Footwalla are elate or Jasper. Hanging-wall cappings are usually 
a leached ore fonnation Gasper) which, on caving, breaks into gravelly aggregate, requiring 
careful mining to prevent contamination of ore. Dbvslopmbmt. Entry is by vert 
shafts in footwall, with main levels 100-200 ft apart (usually, 100-125 ft). Orebodies 
are developed by crosscuts X, Fig 486, spaced 150-170 ft apart, driven from a footwall 
drift D, and connected by a similar drift in or near the hanging wall. These crosscuts 
are parallel on all levels, but those on consecutive levels are offset horiz about 30 ft, so 
that the bottoms of raises on a lower level will lie about 30 ft to one side of crosscut on the 
next level above. The orebody is thus divided into blocks, parallel with crosscuts, approx 
150 ft wide, and reaching across the entire deposit. Blocks are mined in stops, beginning 
at hanging wall and working towards footwall. The mining of these blocks is kept not 
more than 2 subs apart in elev. Inclined (G5°-70°) 2-compt cribbed raises JS, 4 ft 2 in 
sq inside, are spaced 50-05 ft (usually, 55 ft) along crosscuts for sub-level development. 
Ore compts are lined with 2-in hardwood plank to prevent excessive wear. Position of 
crosscuts and raises provides pillars approx 55 by 150 ft to be mined from each raise on 
each sub-level. Under heavy press, this arrangement is better than a closer spacing of 
raises. Minwo. Sub-level interval is 13-14 ft. Blocks are mined by radi^ slicing, 
advancing in only one direction where possible. First development on a sub-level is to 
make connection between raises for ventilation and safety. Mining on an individual 
sub-level is usually done simultaneously at all raises along any one crosscut. Not more 
than 2 slices are allowed to remain open before being blasted. Before caving the back, 
the floor of each slice is cov'ered with 10-ft poles of 3-in or larger diam, about 1 ft apart 
and nailed to 3 underlying cross-pieces. Under a new hanging, floor poles are laid side 
by aide and covered closely with one or more layers of lagging with 4-ft wire fencing on 
top. Where new hanging does not cave readily after blasting the slices, small raises are 
put up at one side, long holes are drilled into the back, and shot to break down enough 
covering for safe mining underneath. £;ub-level slices take all ore up to floor poles of the 
overlsring sub, which are then blocked above sets of 9-ft caps and logs, 5 ft apart. Legs 
have batter of 2-2.5 in per ft. Sides and back are closely lagged. Miners work in pairs 
on contract basis, usually making 1 complete cycle of drilling, blasting, mucking, and 
timbering in an 8-hr shift, mining 20-30 tons per man-.shift. The flat footwall causes an 
exceptional amoimt of main-level drifting and raising in rock, but the method is usually 
preferable, since sub-level transfers are unsatisfactory where excessive wt may cause 
openings to fail before all overlying ore is extracted. All mucking is done with 42-in box 
scrapers, operated by 15- to 25-hp, elec, double-drum hoists. Main-level haulage is 
done with 6- to 10-ton elec locos, pulling 6-8 4-ton rocker-body cars. Excessive wt of 
groimd due to caving usually makes it necessary to retimber raises and main-level cross¬ 
cuts once or twice during &oir life. At Negaunee mine iu 1937, timber consumption 
sveragpd 1.2 bd ft per ton. 

Blueberry mine, Marquette Range, Mich. Data from R. S. .(Vrchibald and L. S. 
Chabot, Jr, in 1935 (269). Hematite ore is a secondary concentration in a brecciated zone 
of iron-bearing sediments. Aver width of ore, about 50 ft; length, 2 000 ft. Dip, from 
7d° to nearly vert. All development openings require timbering. Mine is served by a 
5-compt vert shaft in slate footwall; depth, 1 100 ft (1935). Main levels are 100 ft apart; 

an intermediate sub-level proved 
unnecessary and a source of trouble; 
haulage drifts arc in orebody; drift 
sets have 9-ft caps and posts, latter 
set with batter of 1 in per ft. Two- 
compt, cribbed raises, 4 ft 4 in 
inside timbers, are at lOO-ft inter- 
vaia, closer spacing having proved 
unsuitable. Radial top-slicing is 
the principal method of mining. 
Miners work on contract; a crew 
of 2 men do all work in a block. A block extends 50 ft longit on each side of raise and full 
width of ore, making block 100 ft long and about 50 ft wide, in which the longest slicte will 
not exceed 100 ft. Slices are 11 ft high, timbered with lagged sets 5 ft apart; caps and posts, 
of 8 to 10-in green hardwood, are 9 ft long. Forepoling is used in advancing slices in loose 
ground. Slicing starts from a raise by crosscutting to one wall. On completing a slice, it is 
floored with 9.5-ft 3 to 4-ia tamarack poles, spiked to cross pieces; bottom and solid side are 
then oovered with wire netting. Posts are bored and Masted down before next slice is 
driven; the ground is too heavy to allow 2 adjoining slices to remain open. Slicing 
proceeds radially from raise (Fig 487). Broken ore is handled to raise by 42-in 
•erapers. 



Fig 487. Radial Top-slicing, Blueberry ^fiD«, Mich 
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Iidand Steel Co, Cuyuna Range. In Armour No 2 mine. Crosby. Minn, idle since 1932, 
a deposit of hematite was formerly mined by top-slioing. Development was similar to 
Fig 481; sub-level interval, 10 ft. Crosscuts were spaced 70-ft centers, with raises 30-ft 
centers. As Cuyuna ore is harder than Mesabi, hand-loading was preferred for handling 
broken ore containing much material over 4-in size; elsewhere loading was done with 
single-drum hoist and shp scrapers. In older development, raises were 70 ft apart and 
scrapers were used to load cars trammed to raises. H. T. Middlebrook, in 1938, states 
that most recent practice on Cuyuna Range adopts radial slicing and use of double-drum 
hoists with box scrapers. Aver output per shift per miner working in slices ranges from 
16 to 20 tons. 

Low Moor mines. Vs. Data from C. Dixon in 1912 (291). Shallow, veinlike deposits of soft 
brown hematite were top-aliced; irregular and sudden changes in both dip and strike are common. 
Country rooks are soft and cave readily. 

Fig 488 shows work in a deposit about 
12 ft wide. Entry was by shaft in foot- 
wall or by adits. A main level was 
driven 7 ft high in the clear and 6 ft 
wide at top; timbered with 3-piece»ets, 

4 ft apart. Lagging was required on 
top of seta and usually on sides. Cribbed, 

2-compt raises were driven on footwall 
at 50-ft intervals; 1 raise was holed 
through to surface as quickly as pos¬ 
sible. Sub-levels were driven from raises 
at 12-ft intervals; they averaged 1 ft 
less in dimension all around than main 
level. Slicing (locally, robbing) started 
on the top sub-level, when it reached 
the ore limit; back and sides of sub¬ 
level were shot down and sets with 12-ft 
posts erects. As work retreated, floor 
was covered with 8-ft lagging laid on 
cross-sills of round timber 12 ft long, 
spaced 4 to 6 ft apart. Sets were blasted, 
down after a section 50 to 75 ft long had 
been robbed; then robbing could begin 
at end of next lower sub-level; silla 
were picked up on 12-ft posts in sub¬ 
level below. Drilling was done with 
2.25-in piston-drills. Sub-levels were 
BO crooked that barrows had to be used 
to transport ore to raises. This method, Fig 488. Top-slicing, Low Moor, Va 

which extracts about 95% of orebody, 

is open to the objection that oil sub-levels must be driven to boundaries before robbing begins, 
and muoh retimbering is necessary for their maintenance. 


72. TOP-SLICING IN NON-FERROUS MINES 

Morenci-Metcalf district, Ariz. The properties meutioued here are now owned by the 
Phelps Dodge Corp; the work described stopped about 1923. Data from P. B. Scotland 
(152, 178), J. R. McLean (279), W. L. Tovute (280), and notes by L. Johnson in 1915. 
Obebodies, usually carrying 2-4% Cu, aro dissominatod deposits in porphyry or fissure 
veins in granite. Top-slicing was formerly used for shoots of soft ore, some of them 
very large; thus, the Humboldt orcbodies were 80 Ijy 600 ft and 200 by 700 ft in horiz 
sec. Disseminated deposits are overlain by leached porphyry capping; oresboots rarely 
exceed 300 ft in vert dimension. DeveijOpment. A haulage-drift for electric or muie 
haulage was driven near bottom of shoot; intermediate hand-tramming levels were opened 
above as required at vert intervals of 60-l(K) ft (Fig 491). Raises connecting with main 
level were spaced to limit tramming distance to 150 ft. Tramming levels consisted of a 
rectangular system of drifts and crosscuts which proved shape of deposit and allowed 
raises to be spaced over whole area on corners of rectangles usually 25 by 30 or 40 ft. 
This might be done by raising at 25-ft intervals along crosscuts 30 ft apart, or, where 
deposit was wide, by parallel drifts 30-40 ft apart with rai.ses along them. Raises had 
a 4 by 4 or 5 by 5-ft chute compartment and 1.5-ft ladderway; they wore spaced so that 
ore could be shovelrd direct to chutes, and alined accurately to obviate necessity for con¬ 
stant surveying in sUces. Inclined slicing was also used {Art 73). 

SUchif. Irregular tops of oresboots were equare-setted (Art 70). Height of eliaee, 7 to 15 fi; 
eeoDomic height, 11 ft. Slices were timbwed with 3-piece, unframed sets. Aril Copper Co used round 
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raps and posts, both 10 It long and 7.6 to 9.6-in diam; Detroit Copper Co used similar poets, with 
an 8 by 8-iu cap 6 ft long; slice-sets were about 6 ft apart. liaises at end of oresboot were connected 
by n crosscut L, timber^ with slice-sets (Fig 489). Drifts K, connecting with adjacent raises, might 
be as in Fig 489, or else carried full height of slice and timbered with sets to support mat; they pro¬ 
vided exits in case of a sudden cave. Ore on right side of L was then mined; the direction of slice- 
drifts here would depend largely on shape and extent of this area. When this work was completed, 
slicing began at left of crosscut L, and was carried to other end of deposit; the face was advanced by 
slicing 6 to 10 ft wide across orebody, as indicated by dotted lines MN. Sec EF shows appear- 


M M 



VERT SEC A B 


Fig 489. Top^dicing, Morenci-Metcalf Distr, Aris 
(diagrammatic) 



Fig 490. BreakiM Ground ip 
Slices, Detroit Cupper Co, 
Morenci, Ariz 


ance of the work after a slice was well started. Working facen on adjacent sub-levels were usually 
kept at least 60 or 60 ft apart. Details varied widely. 

Fig 490 shows timbering and method of ukeakinu iirouno at mines of Detroit Copper Co. Nor¬ 
mally a round of 10 holes, 5.5 to 6 ft deep, broke a block of ore 11 ft high, 6 ft wide, by about 5 ft deep. 
All drilling was done with hammer dulls. Double floors of 2 by 12-in plank were laid on several 
sub-levels near top of orebody; a single floor was sufficient after a good mat W’as formed. Floor- 
jilank were 10 to 15 ft long, placed at right-angles to caps of slice-sets. Posts were blasted down m 



Fig >91. Top-eUcing, Arizona Copper Co, Morenci, Aris 


slice advanced, only enough space t^mg kept open for shoveling to raises. Some barrow work was 
necessary in workings arranged as Fig 489; to avoid this, Aris Copper Co used the following modi- 
heation: When the face had advanced so that direct shoveling was not feasible, miners were trans¬ 
ferred to the next raises, where a new breast was opened and worked back to old one. This obviated 
barrow work, if raises were spaced so that each eerved an area not exceeding 25 by 30 ft. If orebody 
widened it was followed into the wails by square-setting, and a mat formed over the new area like 
that at the top of the deposit. Patches of waste were broken, thrown back from breast and left on 
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floor. If the mat caved dose up to breast, a crosscut was driven parallel to the old face and about 
10 ft from it; when the new breast was under way, the 10*ft pillar was shot down and drawn. Should 
mat come down over a large area before floor was laid, or in case it hung up, the succeeding shoe 
was started 15 ft below; 7 or 8 ft of this slice was mined and a floor laid; the overlying ore was broken 
with uppers, starting at end of area and retreating towards face of new slice; the broken ore from 
each round was shoveled away until waste appeared. The weight of mat in wide shoots was con¬ 
trolled by taking each slice in sections (Fig 401); slices were 3U to 40 ft wide; tramming levels, 55 ft 
apart. Slicing directly over a tramming level caused crosscuts and drifts there to crush; this was 
avoided by mining ore on and over the level in a slice of double height, timbered with 11 floors of 
square-sets. Following plan was used by Detroit Copper Co: Ends of 2 adjacent crosscuts on tram¬ 
ming level were connected by a breast stope, timbered with 1 

floor of square-sets, 2-3 sets wide. The back of ore remaining - >J lO' Wr; 

over the sets and below the mat was then blasted with long 
uppers; broken ore filled the sets and was shoveled out, allow- 

mg the mat to settle gradually on the set timbers. While one f 

section was being shoveled out, another was opened and tim- 

bered; posts of seta in first section were then shot down, 

and the procedure was repeated. Panel slu’ino. Fig 492 

shows a method devised by Anz C-opper Co to eliminate the 

heavy expense of driving and main! iiiing raises 25 ft apart. 

On each slice a central main drift pns.sed lengthwise through 

the oreshoot, and crosscuts were turned off at 40-ft intervals. lu'j'fiFi'’*' 

The main diift, and crosscuts for 20 ft on each side of it, moriz ^ 

were timbered with 3-piecc sets, G.5 ft high; elsewhere, 

cro.vscuts were opened to mat abo\c and timbeied witli slice- 4 * 

sets. Slices 40 ft wide wcie then worked ficiiii the walls back >>1 

toward main diift, leaving a central pillar 40 ft wide which | 

was sliced back from end of oicbody after slices on each side \ I'W' I' 

of it were finished. Ore was shoveled into cars and trammed | s '/U-'// 

to raises spaced at 80-ft intervals along main diift and con- | I AA' 

nectmg with haulage level below. While one floor or panel 

was being w'orked, the next, 11 ft below, w.as in iireparatioii. | > A,'//// § t § 

This system dispensed with need for tiamming levels. Com- | ''§'/• A/ v''A4'- i i 1 

1 PP?V"* Scotland states 

that limber consumption in top-slicing, including chutes, p ^ihiuluuUz,Uni 

ladders and reinforccniciita, was about 9 bd ft pci ion of ore; vert becw v 

most of it wa.s round Texas pine and squared Oregon fir, but Fijf 492 . Panel Slicing, Arizona 
much cheap cull lumber was also used in top-slicing (178), Copper Co ifaces under attack 
Detkoit CoerEB Co. J. R. McLean gives following data for shown thus' 

Jan, 1914 (270): 124 088 bd ft of round and 322 661 bd ft of 

square timber were used. Table 46 shows details. Figures in Table 47 do not include 498 tons oC 


^hohiz sec X V 


\‘V' a a'// 7' A '77//. 

%'S' 

liiiinr 


P bkuUz, Uni 

VERT BEC W V 

Fig 492. Panel Slicing, Arizona 
Copper Co ifaces under attack 
shown thus' 


Table 46. Timber Consumption, Top-slicing, Detroit Copper Co 



Top-slicing. 

Square-sotting. 

Development in mines. 
Outside development.., 
Repairs, etc. 


Totals and averages . 


Tons of 
ore 
mined 


45 395 
1 294 
I 353 
498 


48 540 


Round timber 


I.inear ft 
per toil 


0 5240 
0.6576 
0.4205 
0 3373 
0.0146 


0 538S 


Ud ft * 
per ton 



2 5564 


Sq tim¬ 
ber, bd ft 
per ton 

Total tim¬ 
ber, bd ft 
per ton 

5.5022 

7 9955 

6.3833 

9.5069 

33.3924 

35.3898 

20.6104 

22.2128 

0.1894 

0.2587 

6.6473 

9.2037 


* On basis that 1 linear ft of timber = 4.75 bd ft. 


Table 47. Duty of Underground Labor, Top-clicing, Detroit Copper Co 



Ryerson. 

Yankee. 

Copper Mountain. 
Ariz Central. 


Total 

output, 

tons 


24 017 
8 394 
12 025 
3 606 


Number of men 
working 


Output, tone per 
shift 


Totals and aver. 
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or« from outside properties. Shifts were nominally 8 hr, aetually 7.5 hr; 28 working days per month. 
Output per man-s^t underground and on surface, inoluding outside properties, 1,86 tons. Oyna- 

Tnble 48. Explosive Consumption, Detroit Copper Co 


Kind of work 

Tons ore 
mined 

Lb 

dynamite 
per ton 

Ft fuse 
per ton 

No caps 
per Ion 

Slicing... 

45 395 

0,435 

1.729 

0.361 

Square-setting. 

1 294 

1 043 

3 091 

0 772 

Totals and aver. 

46 689 

0.451 

1.767 

0.372 

Development. 

1 353 

4 820 

16.038 

4.175 

Outaide claims. 

498 

24.299 

58.433 

12.319 

Totals and aver. 

48 540 

0.818 

2 746 

0 601 


mite was of 1 f/g and 1 l/g-in diara; 40% dynamite was 'used wherever possible; 00% was required 

to break some ground. Blasting in slices was done with 5-X 
caps and double taped fuse. Table 40 covets the mining of 
48 042 tons of ore at the 4 mines in Table 47, Mines were 
compaiatively dry; there w-as little artificial ventilation; 
underground hoisting item includes cost of hoisting timbers 
from tramming levels to slices with small tugger hoists. 


Table 49. Distribotion of Costs 
Top-slicing, Detroit Copper Co. 


1 

; Item 

Per cent of 
total cost 

} abor. 

45. 19 

1 Supplies. 

6.11 

' Timber. 

17.70 

Tool sharpening ... 

2 25 

Machine-drill reps. . 

2.97 

Ventilation. 

0.52 

. Und'g’d hoisting... 

0 28 

' Hand tramming... . 

2.64 

1 .Mule tramming.... 

5 45 

1 Hointing. 

5 85 

' Und’g'd repairs.... 

3 51 

1 Mine drainage. 

0 70 

1 Miscellaneous. 

1 

6 83 


100 00 


Copper Queen mine, Bisliee, Ariz. Data from G. 
J. Young in 192G (51):j), and C. E. van Barncveld, 1924 ' 
(482). Some areas wore top-sIiccd and tlie oro seraped 
into a drift or crosscut (“sub-gangway”), which con¬ 
nected raisc.s on the floor Ixdow the slices (rig493). 
Dbvelopmevt. Twf)-oonipt raises from the levels 
were preferably on corners of oO-ft stiuares and con¬ 
nected by sub-gangways. .Slicinii began at the ore 
limits, or next to caved ground. In h’ig 493, the first 
slice, ], would start from top of raise B: broken ore 
was scraped directly to the raise by a hoe-typo scraper 
operated by a double-dnim hoist on floor of slice near 
the raise. In places, it might be possible to leave 
T>art of slice 1 open, while slice 2 was being taken; if 
not, slice 2 was started by raising from the sub-gangway. Ore from slice 2 might be 
scraped into raise B. and from slices 
3, 4, etc, into the sub-gangway; then 
the hoist was turned 90° and the 
ore rc-Bcraped to raise ('. This was 
locally called the Scott system. 

Slices were 7 ft wide by 11 ft high, 
timbered with 10 by 10-in ^uaro- 
sets, caps 7 ft, girts 5 ft. Sets in 
sub-gangway were 3.5 ft c~c. Out¬ 
put per man-shift reached 10 tons 
where slices could be laid out 50 ft 
long, as in Fig 493, but decreased 
to 6.5 tons in shorter slices. 

Southeast Extension mine, Phelps 
Dodge Corp, Bisbee, Ariz. Data 
from H. M. Lavender in 1939. Top¬ 
slicing is used only in some small 
high-grade areas in this orcbody 
That are not suited ti.. block-caving. 

The ore is a aeconcariiy enriched 
porphyry; soft and easy to drill; 
quite wet. but otherwise ideal for 
the method. The orebody had been 
dcveloiped for block-cawiig on the 
1 000, 1 100 and 1 200 levels and, 
wherever possible, this work was 
utilized in the top-slicing areas. 



Fig 493. 


SECTION AA 

Top-«licing in Copper Queen Mine, as Modified 
for Scraper Loading 
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Fig 494 diowa one aectiotiL of the 1 000 level. Two 2-conipt raiaea A, from the 1 200 
main haiilage level, were extended to the 1 000 level. Connections were made between 
the raises, and to existing work on the level, for ventilation, supplies, and access to the 
top-slice stope. From raises A on the 1 000 level, 2 transfer “scram-drifts" B were 
driven to the ore limits and timbered with 5-ft sq-sets with 8-ft posts; all timbers, 10 
by 10 in. l>’rom the scram-drifts, two 2-compt raises C, 40 ft apart, were driven to top of 
the ore, where 2 drifts or "leads” D were driven to the ore limits. The raises were lined 
with 6 by 8-in cribbing; rompts, 4 by 4 ft in the clear; the leads were square-setted, 
with 9-ft posts, 10 by 10-in caps, and 4 by 6-in girts 4 ft 2 in long. 



Fig 494. Top-slicing, Bisbee, Ari* 

Slicing starts near edge of orebody; slice-drifts are driven at right-an^es to leads D. 
Drilling is done with pluggcrs and the slice-drift is carried to the ore limits, or to a section 
line. Slice-drifts are square-setted with 10 by 10-in timber, 8-ft caps and 9-ft posts spaced 
6 ft o-c. After the first slice-drift reaches the limit of the section, work starts at that point 
in an adjoining drift and retreats by slabbing successive sets to the main leads D. The 
areas sliced before caving occurs may be 1, 2, or sometimes 3 sets wide. Sequence of work 
is indicated by numbers in Fig 494. When a section is cleaned out, it is floored with 2 by 
12-in plank, 10 ft long and parallel to length of slice-drifts; then the section is allowed to 
cave. A slice rarely has to be shot down; with the length of cap and post used, the section 
usually caves soon after the ore is mined. Broken ore is scraped to leads D by 7.5-hp 
air hoists; when enough ore has accumulated in the leads, the hoist headblocks are shifted 
for scraping ore into chutes C, in which it drops into scram drift B. Here it is scraped into 
transfer raises A by lO-hp elec hoists, and falls to haulago level. When slicing reaches 
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the first raise C, the air-hoist is moved to the next raise. OpsouLTmo data: output per 
man-shift, 12.57 tons. Direct costs per dry ton; labor, 52(&; explosive, 8yl; timber, 14^; 
total. 74^. Wages: miners, $5.48; muckers, $4.84. 

Miami Copper Co, Miami, Ariz. Data from E. G. Deane in 1916 (285). Orebody is a 
largo disseminated deimsit of ‘chalcocite in schist, overlain by a leached capping about 
200 ft thick (Art 10-b). Top-slicing was employed in an area about 800 ft square, in which 
the ore was soft but considerably harder than the siliceous capping, which breaks into fine 
particles and runs like sand. These conditions, and the fact that ore in this section was 
richer than usual, led to adoption of top-slicing, which was partly preparatory to other 
methods for the lower lifts (see Art 80 for other mining systems). Development. Haulage 
levels were 150 ft apart vertically, with 2 sub-levels between at 50-ft .‘ntervals, which 
facilitated building of chutes, and, in connection with artificial ventilation, aided in dis¬ 
tributing air to the slices. Haulage levels comprised a series of drifts 50 ft apart, along 

which cribbed raises were put 



Srd Stage Stag* 

PLAN OF WORK ON > FLOOR AT DIFFERENT STAGES 


Fig 495. Block Method of Top-slicing, Miami, Aria 


up on 50-ft centers. Slicing. 
Attempts to carry a slicing 
face from 50 to several hun¬ 
dred feet long failed; the 
long drifts from an auxiliary 
shaft, required for bringing in 
timber and supplies, were 
difficult to maintain, and 
slicing faces advanced irregu¬ 
larly, duo to varying condi¬ 
tions. The.se troubles wore 
overcome by slicing ore in 
blocks 250 ft S(iuare; locally 
called ULocK method of top- 
BLiciNO. At middle of each 
block was a supply raise li 
(Fig 495) with a hoisting 
compartment 4 by 4..^3 ft and 
a ladderway 2.5 ft wide; tim¬ 
ber, steel, etc, were hoisted 
up this raise by a stretcher- 
bar hoist. Station sets of 12 
by 12 timber with 9 or 10-ft 
posts were erected at top of 
rai.se, which wa.s further pro¬ 
tected by tiinlier bulkheads 

10 ft high; two bulkheads 
were 7 by 7 ft and two 7 by 

11 ft in plan, as shown. 
Drifts A, B, and C, usually 


untimbered at first, were run 


in the order named. Slicing began at end of B and C; Fig 495 shows 4 successive 
stages of work in same block. New slices were started as soon as those alongside had 
advanced a few ft. As many men as could work to advantage were put on; ore was 
mined with greatest possible speed, until only 4 central pillars around the supply raise 
remained (.see 3rd stage). Inclined raises F were then put up to aliout tlie middle of each 
pillar: crosscuts (not shown) were driven to raises F from drifts A and C; slicing then 
continued, working fiom outside of pillars back to bulklieads, which by this time had 
squeezed down to a height of 4 to 6 ft. On completing this work, the last of the slope 
was caved; it was found best to let ground .settle several weeks before starting another 
floor. Slices were 10 ft high, timbered, accoiding to the ground, either with single sets, 
of 2 8-ft posts and a 12-ft cap, or with double sets, of 3 8-ft posti, and 2 7-ft caps, aJi round 
timber. No floor w»-- laid if mat was thick enou^ to prevent runs of capping; elsewhere 
a 2-m floor was spiked to 2 by 10-in sills; 5 by 10 and 4 by 8 sills were tried, but seemed 
to be no stronger than 2 by 10-in, after subjection to the heat and pressure of a ccmpleted 
slice. Bulkheads of old tim’ier were built where necessary to aid slicf*-sets; the posts 
were shot down as soon as possible. All drilling was by plugger-drills, using a water spray. 
Ore in slices was shoveled to raises or handled in Imrrows. This method gave good results; 
weight on timbers did not get beyond control during the time that slices had to be kept 
open. It was found that pressure on central pillars was not intensified by caving around 
them. But ore in pillars was fractured, so that lifters were the only holes needed to 
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Fig 40fi. 


Ore V’ ’ \ 

Vert Cross-Sec 

Toiv-slicc Stope, Judge Mine, Park City, Utah 
Uwookitig at face of stupe; 


break it. This fact, combined with the handling facilities provided by raises F, made 
pillar-on cost less than that from outside slices. Ventilation of the blocks was impor¬ 
tant; without it the heat from mat was excessive and reduced efficiency of labor. Air 
from a 60 000-cu ft fan was taken to the sub-level below the slicing floor and forced through 
raises into the slices as desired. Production per shoveler was 20 tons and per total man¬ 
shift, 10 tons, these figures being about double those obtained in slicing on long faces 
without artificial ventilation. 

Judge mine. Park City, Utah. Data from G. S. Krueger and E. A. Hewitt (147) in 
1938. Ag-Pb-Zn ore occurs as bedded limestone replacements and as fissure veins cutting 
a series of folded and faulted 


shales, limestones, and quartsites. 

Bedded deposits dip about 20° 
undulating in conformity w'ith 
bedding pianos; they are 2-20 ft 
or more thick; width, from a few 
to 100 ft or more; length, as 
much as 6 000 ft; hanging walla, 
usually firm limestone, do nc, 
require top-slice methods. Fis¬ 
sure veins dip 38‘’-60°; thick¬ 
ness, normal to walls, about 10 ft. 

Walls of the fissures are usually 
limestone, but one important 
vein has a weak shaio hanging 
wall, wet and heavy. DeveIj- 
OPMENT comprises 2 vort shafts, 

2 100 and 1 600 ft deep, and 2 
tunnels. Main-level interval is generally 200 ft; numerous local intermediate levels are 
driven as required. Drifts and crosscuts are 3 by 7 ft, timbered with 8-in sets. Stop- 
INO. Overhand stopes, timbered with .stringer sets, are geiicralJy used where walls ai'e 
strong. Top-slicing is adopted where hanging wall is heav'y, and is most effective on 
the flatter dips; widths of 3 20 ft favor 10 ft) have been top-sliced successfully. I'ig 496 
.shows ground condition.s of a typical top-slice slope in a fissure vein. Fig 497 shows 
general plan of stope de\'i‘lopinent and older in which slices are taken. In this case, 
orebody is developed by main-level drifts D at 100-ft vert intervals, with 2 sub-level 

drifts E at 33.3 and 66.7 ft 
above main levels. Double- 
rompt raises R, n by 11 ft, 
timbered with 8 by 8-in sets 
spaced at 3 ft, arc 50 ft apart, 
(jrenoral plan of retreat is 
from both cuds of oiebody 
toward a central main raise. 
Individual slice sections, ex¬ 
cept at ends of orebody, 
extend from raise to raise. 
Face of a slice is advanced by 
a pilot heading, broken by a 
drift-round with back holes 
omitted; slabbing rounds 
complete breaking the face. 
Where waste inclusions are 
large or numerous, a pilot 
heading, be.st along hanging 
wall, is curried to end of block 
being mined, t^hce is com- 





Fig 407. Top-slicing in Judge Mine, Park City, Utah 


pleted by slabbing on retreat, thus affording space for storing hand-sorted waste. Slices are 
timbered (Fig 496) with stringer sets 5 ft apart. Sills H, 8 by 8-in, are laid at right-angles 
to strike, and covered with 2-in lagging. Posts P are round timber, 8-in diom by 6 ft 
long. Sills become caps for the next lower slice. Sloping timbers T, faced with 2-in 
lagging and sometimes reinforced by angle stulls S, hold hanging wall where it is weak. 
Scrapers were tried for moving ore to chutes, but as sorting could not be well done, they 
were abandoned. Ore is shoveled into 0.5-ton cars and trammed to chutes. Caving 
usually follows without blasting of posts, promoted by fact that hanging-wall press is 
diagonal to seta. Operations are at such depth that subsidence has not reached surface. 
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United V«rde aiiiM» Jerome, Axis (227). Data from T. W. Quayle in 1931, and from 
W. W. Lynch, formerly mine supt. For geol features and general deecription of orebody, 
see Art 62. Mining underground was generally by horia cut-and-fiU, lately changed to 
inclined cut>Bnd-fill, as in Art 65. Top-slicing was used only in a special instance. An 
attempt had been made to mine as a single horis cut-and-fill slope a block about 200 ft 
square, starting at 1 650-level. After the stope had been carried up several cuts, a large 
block of ground, over nearly the entire horis area of the stope, fell from the back. This 
left the stope back in the shape of an arch (Fig 498, vert sec C D). Continuance of cut- 
and-M was deemed unsafe, and top-slicing was substituted. The block in question was 
overlain at the 1 500-levcl by a waste-filled slope, extending to the 1 200-level. Oppor¬ 
tunity was afforded to add more 611 at the 1 200-level, as the filli ng dropped due to top¬ 
slicing. Pbbparation. All broken ore from the fsU of ground was first removed. Then, 

before starting top-slicing, as firm 
a foundation as possible was estab¬ 
lished beneath the unmined block 
by complete back-filling of the 
open space with waste. It was 
realized that, as the block was 
thinned by slicing, it would even¬ 
tually fall. But, with filling tightly 
packed against the old stope 
back, settlement occurred gradu¬ 
ally, causing no accident to men, 
nor much interference with slic¬ 
ing. Dxvelopment. Raises R, 
Fig 498, for dispoang of sloped 
ore were driven in ore from the 
1 6.50-level on 35-ft centers near 
both hanging- and foot-walls. 
Service raises iS within both walls 
and connected to each slice by short 
crosscuts were used to bring in 
timber and other supplies from the 



Ore br-passes to baulage level 
Eoriz seo 



Fig 498. Top-slicing at United Verde Mine, Jerome, Ariz (227) 


1 500-level. Stofino. Slices were 11 ft high. On each slice-floor, 4 by 6-ft sub-level 
crosscuts T were driven from each chute-raise to center of the block in upper slices, or to 
the edge of filling in the lower slices. Retreat proceeded from one end of the block to the 
other, and from a middle line to the walls. Mining was by breasting with mounted 
drifters. The broken ore was hand-shoveled and delivered to raises R in 18-cu ft scoop- 
body cars, running on sectional 16-lb rails. A double flooring of 2-m plank was L'tid on 
4 by 12-in sills, set 5 ft 4 in apart at right-angles to the sub-level crosscuts T. Posts 
of 10-14-in native pine, unpeelcd, with 6 by 12-in headblocks, were placed 5 ft 4 in c-o 
directly under sills of the floor above; bottoms of posts rested on the ore, sills and flooring 
being laid after standing the posts. Generally, 3 lines of posts, lei^thwise of 6ub4evel 
crosscuts, were stood before blasting the posts. Posts were bored with air-driven augers; 
to minimize fire hazard, they were blasted with permissible explosive and elec caps. 
Top-slicing here proved more advantageous than square-setting, as to both cost and speed 
of mining. During first 10 mos of 1929, powder consumption was 0.71 lb per ton; timber, 
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0.91 bd ft per ton. Duty of labor was as follows, in man>hr per ton: breaking;, 0.383; 
mucking..0.651; timbering, 0.837; haulage and hoisting, 0.234; supervision, 0.120; general, 
1.020; total, 3.245. 

Oceanic quicksilver mine, Cambria, Calif. Data from A. W. FroUi (266) in 1937. 
Cinnabar occurs disseminated in sandstone. Main orebody is about 600 ft long by 
15-40 ft wide; dip, nearly vert. Walls are not well defined; ore and waUs are highly 
fractured and hence weak. In early work, surface ore was mined by open-cut; under¬ 
ground mining was by square-setting, with and without filling. Top-slice method was 
adopted because broken condition of orebody and walls made most other systems unsafe. 
Dxvsjuofmbmt. As topography is steep, entry to mine is by tunnels; main haulage tiumel 
is about 350 ft below outcrop; from it a vert shaft was sunk to 750 ft. Level interval is 
generally 70 ft in upper workings, 50 ft in lower. Stopino. IVo-oompt cribbed raises 
Ji (chute and manway) are driven 35-40 ft apart (Fig 499). Slices are horiz and are usually 
10 ft high; sometimes, in bad ground, 8 ft. In starting new slice, a drift, usually l^e 



Longit Vert Sec 


Fig 490. Top-elice Stops, Oceanic Quicksilver Mine, Cambria, Calif (266) 


height of slice, is driven from the last raise to end of the ore. Stoping begins by widening 
the end of the drift to the ore limits. General plan is to retreat from one end of orelrady 
to the other. Sills, of 2 pieces of No 2 common rough Oregon pine, 2 by 10-in and 12 
ft long, are laid crosswise of the stope on 6-ft centers. On these, and lengthwise of the 
stope, single sills are laid for flooring. Silling and flooring closely follow the removal of 
ore, to prevent dilution from sloughing of walls. Roof or mat is supported by pine stuUs, 
8-in diam, placed 6 ft apart and directly under sills ol slice above. When possible, raise 
cribbing and stulls are salvaged for reuse. When stoping has advanced about 30 ft, or 
to a point where timbers show wt, timbers are bored with 1.2.5-in holes 4-6 in deep, about 
4 ft from the floor. Holes are loaded with naif a stick of dynamite, both instantaneous 
and delay elec caps being used for better control of caving. Drilling is generally by 
breast-holing with jackhammers; due to broken nature of ground no systematic round is 
used. Explosive is 30% dynamite. In 1935, with miners’ wages at $4 and muckers' 
wages $3.50 per 8-hr Ehift, mining costs per ton, excluding development, weie: labor, 
$1.43; explosives, $0.08; timber, $0.14; other supplies. $0.08; power, $0.08; compensation 
insurance, $0.12; total, $1.93. 


73. INCLINED TOP-SLICING 

In this modification of top-slicing, the ore is mined in blocks or panels, and the slice 
floors, instead of being horiz, are driven on a slope sufficient for broken ore to slide or roll, 
either to narrow stopes or funneled chute raises on edge of the block. The method was 
designed to reduce cost of shoveling. It has had a limited use in the Morenci-Metcalf 
district, Ariz; attempts to use it at Bisbee, by Calumet A Ariz Mining Co, were unsuc¬ 
cessful. Following are examples. 

Coronado mine, Metcalf, Ariz. Work suspended about 1923. Data from W. G. Scott 
in 1918 and P. B. Scotland in 1917 (595L Inclined top-slicing was used in a vein 29-40 ft 
wide (Fig 500). Ore was mined in blocks 50 ft long, separated by narrow shrinkage stopes 






















10-322 


CAVmO METHODS 


through which the ore broken in alicm was handled. Dsvbusfmbnt. Sub-level dnftB 
Y were driven 55 ft apart vertically (or other multiple of height of slice, 11 ft); raises R, 
at 50-ft intervals, connected sub-levels and main haulage levels Z. Crosscuts S, timbered 
with square-sets, were run to walls or limits of ore at 50-ft intervals along sub-levels; 
they extended into han^ng wall far enough to leave 5-ft pillars between manway and 
timberway raises X, which reached sub-level above. Breakthroughs B, 11 ft apart, gave 
access to the shrinkage stope as it went up and to the slices as they descended. Vert 
shrinkage slopes 4 ft wide were opened from the back of each crosscut B to top of 
the ore or to the mat above. Chute gates and slides, in crosscuts S, delivered broken 

ore to rais^ i2; 2 gates suf¬ 
ficed for a slope 40 ft wide. 
SuciNO. Ore in shrinkage 
stope was drawn down 11 It, 
as at A, Fig 500; then the 
top of shrinkage stope was 
widened as at B; grizsly stuUs 
G (Fig 501), 10 ft long and 
spaced 12 in apart, were laid 
across the stope. The stuUs 
of the overlying slice were 
caught up by caps, paralleling 
the sides of the stope and 
supported by battered posts, 
which stood on ore and were 
braced apart at top by 
stretchers. The slices, begin¬ 
ning at footwall, were 10 ft 
wide and ran upward at about 
33°, which caused the ore to 
roll or slide into the stope. Transverse 10-ft sills M wore laid 5 ft apart (Fig 501), with 
a floor of 2 by 12-in by 12-ft plank, spiked to them. Sills of slice above were supported 
by posts, set on the ore at 17° from the vert, which proved best to prevent them from 
riding and with minimum chance of being shot out. As many as 3 contiguous slices 
might be taken before timbers were blasted and mat allowed to drop. The method, as 
applied here, requires ore strong enough to 
stand in the shrinkage stopes; in weaker ore, 
close-spaced chute raises may replace shrink¬ 
age stopes between blocks (see Humboldt 
mine, below). Operating data. Production 
from blocks 50 ft long in a 40-ft vein width 
averaged over 2 000 tons per month, with 3 
men per shift, 2 shifts per day. The stope 
crew drew ore from shrinkage stope as re¬ 
quired, hoisted its timber and did all other 
work. Output per man-shift in inclined slic¬ 
ing in mining 29 000 tons in 1917 was 11.2 
tons, compared with 4.64 tons for flat-slicing 
25 600 tons in 1916; material costs for the 2 
methods were about equal. From 1918 to 
1923, a number of fires in the mats caused abandonment of to];>-slicing in favor of block¬ 
caving and a combined method described in Art 87 (599). 

Humboldt mine, Phelps Dodge Corp, Morenci, Ariz. Operations at this property 
were suspended in 1932. Data from J. P. Hodgson and J. Kiddie in 1922 (594). Inclined 
top-slicing was used for some large shoots of soft ore; see Art 73 for ore occurrence. 
Method was similar to that at Coronado mine (see above), but with chute raises instead 
of shrinkage stopes between blocks. Ore was mined in blocks 50-60 ft long and full 
width of deposit. In one shoot, 230 by 750 ft horiz sec, a main haulageway was driven 
in one wall and from it parallel untimbered crosscuts were driven through the deposit 
at 60-ft intervals, winch brought them on center lines of blocks. From each cross¬ 
cut, at 15-ft intervals, vert untimbered chute-raises were put up to the mat above 
(44 or 55 fO; in the walls at ends of each crosscut were raises for handling timber and men. 
f^g 502 is a vert sec through part of a crosscut L. First work on a sub-level was to 
connect tops of raises with heading Af, starting at far side ot the ore; tops of raises were 
belled out (see sec. Fig 602, and plan. Fig 503); 10-ft cross sills were set in hitches on 
2.6-ft centers across floor of heading. The mat was picked up on posts and stringers 



Fig 501. Coronado Mine, Ariz, Longit Seo 
through Slice 


i*-i) 



VERTICAL LONGITUDINAL SECTION 0-D 

Fig 500. Coronado Mine, Inclined Top-slicing (505) 
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Fig 502. Humboldt Mine, Ariz, Inclined Top-elicing. Sec A-A, Fig 603 



Fig 503. Humboldt Mine, Ariz, Inclined Top-elicing 

(Fig 604), aa at Coronado. After 
heading had advanced about 50 ft, 
slicing could begin. Slices wore 10 
ft wide, carried upward from head¬ 
ing at 33® until they reached caved 
ground or the limit of the block. 

A comparison covering 4 years 
showed a reduction in costs of 15% 
in favor of inclined slicing over 
horiz slicing. Timber consump¬ 
tion, 1918-1921 incl, for all inclined 
slicing was 9 bd ft per ton, 
against 7.9 bd ft for 1915-1921, all 
flat slicing. In another stope, 285 
by 420 ft, crosscuts were 60 ft apart 
instead of 50 ft, v/ith less satis¬ 
factory results. Inclined slicing 
at Humboldt mine was replaced 
(600) by another caving method pj- 504 . Humboldt Mine, Crosz-sec through Wings of 
(Art 87). Stops 
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Prince Leopold mine, Katanga, Belgian Congo, uaea a modified form of inclined top- 
slicing, differing somevbAt from that at the Humboldt mine. For details, see Bib (274). 

74. SUMMARY OF TOP-SLICING 

GeneraL Top-slicing is essentially a method for mining deposits with weak ore and 
walls. Though it may be used under many different conditions (Art 70-73), its com¬ 
monest application is in orebodies of large horis section, overlain by material which caves 
readily. It is well adapted to easily broken, heavy ground, requiring strong timbering 
and filling if mined overhand (132, 286). 

Advantages common to all forms of top-slicing: (a) safety; chief danger is that men 
miQr fall down raises; (6) clean mining; (c) high extraction (90-98%); (d) it allows close 
sampling during mining; specially important in certain Lake Superior iron deposits. 

Disadvantages are those common to all caving methods (Art 78, 82). Also, much 
timber is required, natural ventilation is poor, and fire hazard is high. In the older applica¬ 
tions of top-slicing, all ore was shoveled by hand. Recent scrapmg practice in radial slices 
largely overcomes this disadvantage. 

Requirements for successful application: (a) Subsidence of overlying ground must 
neither destroy valuable property nor make mining dangerous; see Art 113 for full state¬ 
ment of these conditions, (b) Capping, if of rock, must be weak enough to cave either 
to surface or sufficiently to cover tlie mat with a cushion of broken rock thick enoucdi to 
protect the workings below, (c) Ore should be of uniform grade; small amounts of waste 
may be left on floors, but extensive sorting is not feasible. Large horses of waste may be 
left unmined, but are troublesome; square-sets must be used to form a mat below the 
horses, as at top of a deposit (Art 70). (d) Ore should break easily, since working faces 

are small and cost of narrow work increases rapidly with hardness of ground. Also, the 
heavy blasts required in hard ground dislodge timbers and cause premature caves (284). 
(e) Boundaries of orebody should be regular; irregularities do not prohibit top-slicing, 
but increase cost, as they usually involve square-setting. (/) Top-slicing is best for 
orebodies the shape, size, and position of which allow slopes with vert or steep-dipping side 
wails. Trouble arises in vein-like deposits dipping less than 60°, because the hanging wall 
must be caved and the mat extended under it on each floor; these difficulties increase with 
strength of hanging and flatness of dip. See Bib (277) for use of top-slicing in a bed 36 ft 
thick, dipping 9-12°; also Utica mine. Art 71. 

Alternative methods. Top-slicing has been substituted for filled square-sets (Art 46) 
at several mines where it is needless to support the surface or ground containing unworked 
orebodies. The method then has the following comparative advantages (see ^so Art 54): 
(o) It allows mining in ground too heavy f(»r economical square-set work. (6) In very 
heavy ground, where square-sets require much reinforcement, it saves timber; elsewhere 
it may require as much or more timber than square-sets. But, cheap grades of timber 
are always used, with less and simpler framing, and its erection in stopes takes less time 
(132). (c) It saves cost of filling, (d) Rich fines are recovered in slice below; some fines 

are always lost in filled square-set stopes (Art 47). (e) More unskilled labor can be 

employed; more shovelers and fewer timbermen are needed. (/) Stoping may stop tem¬ 
porarily, with a lower cost for renewing or reinforcing timbers. 

Relative disadvantages of top-slicing, besides the general disadvantages stated above, 
are: (a) it is less flexible; (6) ground is broken by breast stoping, which usually costs 
more than overhand work; (c) a much greater footage of drifts, raises, etc, is required for 
a given block of ore, and this delays production from any area; (d) mining is confined to 
top of orebody; stopes can not be opened on lower levels; hence, top-slicing in orebodies 
of small area may not produce the desired output; (e) cost of bringing timber into .the 
stopes is usually higher in top-slicing than in square-setting (Art 47). Sub-level caving 
is the usual alternative caving method (for comparison, see Art 78). 


76. SUB-LEVEL CAVING 

General. Sub-level caving, n logical development of top-slicing (Art 70), is largely 
used on the Lake Superior Irrm Ranges, but rarely elsewhere in the U S. Other local 
terms: sub-sbift cavino. bub-uevel, bucino, bub-bucino, bxjbbino, sucino aitd 

CAVmO, ST7B-UlVEI.JSUCIN>i WITH OBE CAVING, and TOP-SUCING WITH PABTIAL OBE CAVING. 

Suitable orebodies are wide deposits of moderately soft or moderately firm ore, over- 
lain by ground which will cave readily but coarsely, to form a capping which will arch 
and support itself temporarily over small openings. Latter condition is neither necessary 
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jutt daoiiwbto in totHslioiiis. Fot limitations and requirements of sob-level caving, see 
Art 78. 

Oenerd plan. The method resembles top-slioing in that the ore is minwl in horis 
slices in descending order, so that the overburden, or capping, will break up and subside 
as tbe ore beneath is removed. Fundaments difference is that the height of slices in sub- 
levS caving is usually 15-25 ft, as agunst 10-12 ft in top-slicing. Timbered slice-drifts 
are driven as in top-^cing, but a back of ore 7-15 ft thick is left between top of the sets 
and bottom of the mat, this back of ore being removed mining and caving, starting at 



Fig 505. Diagrammatic Vert Croas-eees through Slice-drifts, comparing Top-slicing with Various 

Methods of Sub-level Caving 


far end of the slice-drift and retreating toward the entrance. The slice-drifts are 
often 18-25 ft apart horizontally, the “caving-back" operation in a given slice-drift 
then reaching out on each side to lines midway between adjacent drifts. Fig 505 indicates 
the similarity between top-slicing and sub-level caving, and shows progressive variations 
in amoimt of ground taken per slice in the latter meth<^. 

Fig 506 also shows the resemblance to top-slicing in general plan of development, 
formation of mat, and the manner of retreat in a wide vein. Main ixykim consist of 
drifts D and crosscuts C, planned to facilitate haulage 
and for proper spacing of raises B. Sub-uvuu 
(“ subs”), opened from raises as needed, consist of 
timbered drifts S and crosscuts T, cutting the ore 
into pillars (Fig 517, Art 76). This development 
work leaves pillars P between the back of one sub¬ 
level and floor of that above (Fig 506). 

Mining begins on the highest sub-level, the end 
pillars being attacked first; work retreats toward 
some central point, as in the longit sec VW, Fig 506. 


LONGIT SEC V W CROSS-SEC M N 

Fig 506. Sub-level Caving in Wide Vein (diagrammatic) 

Work on individual pillars may begin at the hanging ‘wall and retreat toward footwaH 
(cross-sec MN), or may retreat from both hanging and foot to raises in middle of vein, 
or may retreat in a direction parallel to the strike. 

In Fig 506, a slice-drift or slice FF is driven from crosscut T, next to caved ground and 
half-way across adjacent pillars; it is timbered with drift-sets and usually floored with 
lagging or plank. The overlying ore is caved into the slice-drift in small sections, from 
points F (horiz sec XY), and retreats to crosscut T. Ore is shoveled into either barrows 
or small oars and tranuned to raise, or loaded mechanically into cars, or scraped direct to 
raises. Scraping has largely supplanted other means of handling ore. Contiguous 
slices are successively driven and caved in retreat. Mining of ore alongride and over 
alioe-drifts is called “stoping back," “caving back,” or "stripping.” Fig 508-512 show 
details of different modes. Set-timbers and flooring are not recovered; as work descends, 
a mat of timber and waste (qob) accumulates above. Method requires that gob shall 
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haiig temporarily ov«r small exoavations, long enougli for safe removal ol caved ore. 
Sub-level drifts and crosscuts connecting the raises divide the ere into blocks or 
which are usually mined one at a time. Sevend blocks may be mined simultaneously by 
keeping adjacent working faces in advance of one another (Sec X Y, Fig 606). In the 
same way, slicing and stripping may proceed simultaneously on severai sub-lev^. Main 
levels are mined like subs, the ore passing through raises to next lower main levdL 

Variations. Above plan may be adiq>ted to orebodies of various shapes and siaes «tnti 
to ores of different character by modifying layout of subs, raises, and main lev^, the 
interval between subs, and the details of slicing and stripping (see below; also Art 76, 77). 

Development. Entht (see under Entry, Art 70). Intbbval bktwebn main utVELS 
is 76-200 ft; it depends upon same factors as in top-slicing (Art 70), but the relative weight 
of these factors is different because: (a) ores mined by sub-level caving are usually stronger 
than those worked by top-sheing; (6) timber consumption per ton of ore is less in sub-level 
caving, less timber has to be bandied through raises, and cost per ton of ore for hoisting 
timber to the subs is lower. Hence, somewhat greater level intervals are allowable in 
sub-level caving. Interval between main haulagbways may be increased by empiosring 
intermediate levels, as in top-slicing. 

At Chapin mine, main levels were 200 ft apart vertically, because of cost of cross¬ 
cutting from the shaft under difficult drainage conditions (153). At some places, inter¬ 
mediate levels were opened 60 ft apart; at others, raises were offset at 50-ft intervals to 
break the fall of ore and avoid excessive wear in chutes. Layout of main levels at thia 
mine favored mechanical haulage. Oblique crosscuts allowed easy curves into crosscuts. 
Cars were hand-trammed in must of the cros.scuts; only a few contained trolley wires. 
The disadvantage of oblique crosscuts is that some diamond-shaped pillars are formed 
on main levels, and idso on subs, if these are directly over the main drifts. Slicing and 
caving are more difficult in diamond-shaped than in rectangular pillars, especially on 
reaching a stage where a triangular area remains to bo mined. Also, ore is apt to be 
forgotten and lost when drifts and crosscuts are at oblique angles (183). 

Main levels are planned to 
facilitate haulage and allow proper 
spacing of raises for handling ore 
on sub-levels. In very narrow 
orebodies, development often com¬ 
prises a single drift; in wider ore- 
bodies, 1 or more drifts parallel to 
strike, often with crosscuts at 50- 
to 100-ft intervals; for examples, 
see Art 76. Original layout should 
cut ore into pillars suitable for 
slicing and stripping, or into pillars 
which can be subdivided system¬ 
atically for this purpose by sub¬ 
ordinate drifts and crosscuts. 
Haises are usually close-cribbed; 
drift-sets (“opening-sets”), I'ig 
507, are placed in the cribbing op¬ 
posite each sub-level as the raise 
goes up; sub-levels are started from 
these as needed. Chute ai d lad- 
der\vay compartments are required 
in nearly all raises. Raises are 
usually put up from main-level 
drifts at intervals of 30--50 ft; 
branched raises are sometimes used to secure close spacing for hand and scraper loading; 
see Art 76 for various arrangements. Factors governing raise interval are like those for 
top-slicing (Art 70); see also below under Sub-levels. 

Sub-levels, (a) Plan of sub-level development depends on shape, size, and nature 
of orebody, and chaiacter of capping; sub-lev'el plans should guide main-level develop¬ 
ment rather than vice vnaa. (6; To facilitate slicing, sub-level drifts and crosscuts should 
intersect at right-angles, the pillars thus formed being rectangular. This practice is 
followed even where slice-drifts are oblique, as in Radial slicing. Art 76. (c) Regardlem of 
method of loading, max lt.-ngth of slice-drifts for economical driving and stripping is about 
100 ft. Economic length of slice-drifts also obviously influences interval between raises. 
See Art 76, 77, for various sub-level layouts. 

Sub-levels should not be opened far in advance of mining requirements; to maintain 



LONQIT VERT SEC CROSS-SEC A B 

Fig 507. Timbering for Itaises, Sub-level Caving 
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tbma <lor loluc pmoda may requim eztennva renewals of timbering. New sub-levds can 
genemUy bf developed qmekJy, as raises furnish numerous points of attaek; but, when 
the (»e from sub-level development is needed to maintain a certain output, the subs are 


run. as somi as they are reached in the 
raises (76, 270). Drifts on a sub4evdl 
are sometimes crushed by pressure caused 
by mining on the sub above, especially 
when drifts on adjacent subs are directly 
over one another, instead of being stag¬ 
gered. 

Vert interv^ between sub-levels is 


^ III 

m 



12-25 ft; in a given orebody it is a com¬ 
promise between following factors: (a) 
a large interval increases proportion of 
ore broken caving and hence reduces 
aver cost of breaking ore for the whole 
deposit; (5) small intervals allow closer 
control, cleaner mining, and higher extrac¬ 
tion; (e) max possible interval is a func¬ 
tion of strength of ore, pressure of the gob, 
and time required to open and mine a 



sub-level. Depending on relative weight 
of these factors, the normal interval of 
15-18 ft between subs is increased where 
possible and decreased if necessary. For 
unusual case where interval is SO ft, see 
Montreal mine. Art 76. 

Methods of slicing and stripping pil¬ 
lars formed by sub-level development 
vary with character of ore, pressure from 
cav^ ground, and thickness and strength 
of mat; local custom also influences the 
choice (270, 76, 293, 153, 482). 

Fig 508 shows a plan suited to heavy 
osoxTND which, in narrow excavations, 
can be supported temporarily by timber. 
A slice-drift A is driven across pillar H, 
and timbered with lagged drift-sets; when 



VERT SEC X Y (DRIVING SLICE-DRIFT A) 



completed, floor F of lagging or old timber is laid. Stripping begins by removing top 
lagging from sets at center of pillar and allowing the ore to run into the drift; the mat 
follows the ore down as indicated. Stripping retreats each way to crosscuts B and C, 
and the process is repeated in continguous slice-drifts until the pillar is mined out. 
Ore in back of crosscuts F and C, at D and E, may be broken as a final step in stripping 
each slice-drift, or when the adjacent pillars 1 and J are mined. The latter plan pre¬ 
serves crosscuts B and C, so that slice-drifts in pillars I and J can be driven from both 


ends. This increases speed of mining and shortens distance between working faces and 
crosscuts, but the cost of maintaining crosscuts may be prohibitive. An arrangement 
which avoids this difficulty is shown in Fig 506. If ground to left of KL (Fig 508) 
had been mined and caved, slice-drifts in pillar H ceuld be driven from one end only, 
that is from crosscut C; stripping would then begin at inner end of slice. 


In f'ig 508, lagging on sides of the slice-sets holds back the gob wlule sUce-drifts are 
being driven and stripped. Fig 509 shows a method permitting close contbol of both 
lateral and vertical pressure. A slice-drift A A is driven as shown, leaving a 8 or 8-ft pillar 
of ore PP next to gob. Work of removing pillar and stripping the slice begins at A and 
proceeds as follows: crosscuts 1 are driven through pillar PP and ore over 1 is caved; 
ore over 2 is then caved, and crosscuts 3 are driven and stripped; then ore over 4 is caved, 
and BO on. The back of sub-level crosscut C, at 10, is stripped last; the next slice-drift 
is driven at FF and process is repeated. Fig 510 shows a systematic method sometimes 
used on Gogebic Range for stripping pillars and slices v.482). Sub-level interval is 18 ft; 
slice-drifts, on 15-ft 'inters, are 10 ft wide at bottom, 7 ft at top, and 8 ft high. Starting 
at face of riice-drift S, a section of the pillar 1 is broken, usually bj' blasting; then cuts 2 
and 3 are taken by blasting or barring. Without removing tlie top lagging, holes are 
drilled in the back of the slice-drift, and cut 4 and the lagging are blasted down; cut 5 
is blasted or barred down as conditions require. This work is done in small sections, 
retreating toward entrance to slice-drift. 






HOmzaEOtHRO' PART OF A kua>LEVtL 
Fig 509. Slicing and Stripping Details 




Fig 510. CroBS-seo through Slioe-<lrift 


this, some slice-sets may be reinforced and others shot down; similarly, some parts of the 
back may require blasting and others not. Ore caving into slice A is loaded by men who 
work mostly under protection of timbers in B. Broken timbers are thrown back and 
become part of the mat; idightly damaged timber may be used for reinforcing weidc sets. 

Vert sec LM, from B. W. Vallat (76), shows 



work while stripping is going on in slice B. A 
thick mat will often hang up until stripping 
is completed; P. S. Williams states that, on 
the Gogebic Range, Mich, the gob sometimes 
takes a week to close in (270). Obviously, 
details may l)e greatly varied. If parts of 
pillars crush before they can be mined out 
systematically, drifts are driven to the crushed 
area, and ore is drawn as long as it will run. 
Some of the ore which can not thus be re¬ 
covered is obtained in stripping the sub-level 
below; such work is necessarily irregular. 

Sometimes work is planned so that the 
weight of gob will crush part of the ore in sub- 
level pillars. Fig 512 shows this method at 
CiiANDLEK mine, Ely, Minn (see Art 76 for 
description of orebody). Stripping on any sub- 
level retreats from the ends of the deposit. 
Drifts D cut ore on the sub-levels into pillars 
say 10 ft square. Weight of the caved ground 
alx>ve breaks down ore in the back, and splin¬ 
ters the pillars so that they can be mined 
with pick and bar, without blasting. V,'here 
neccasary, long props with head-boards sup¬ 
port the mat temporarily, as at C. 

For more recent practice on Gogebic Range, 
see Art 76. 

Breaking ground in slice-drifts is similar to 
that in top-slicing (Art 70), except that there is 
no free face at the top; slices like those in Fig 
509 are driven as ordinary drifts (Art 20). 

Timbering. Cheap timber is used for same 
reasons as in top-slicing. Simply framed 
3-piece sets are nearly always employed for 


Fig 511. Slicing and Strippii,g Details slices. When slicing under a thick mat, VLOOSS 


are often omitted. 


P. S. Williams, ctmimenting on Gooebic Range practice in 1910, indicated a growing 
tendency to cover floors of slices with boards, even where gob is compact enough to allow 
good extraction without them. Use of floor-boards sets a definite limit for men to work 
to in stripping and helps to prevent mixing waste with ore (270). Handpino toibeb. 
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Much dice timber must be hoisted up nises. Where sub4ovels ere opened in advance of 
mining requirements, timbers for sub-levd drifts and crosscuts can be lowei^ from main 
level above. When a pillar of ore is left opposite a hoisting shaft in the footwall. raises 
can be maintained in the pillar, through which timber for development and slicing is 
lowered to sub-levels (270). Sxxr 
TAon OF TiMBKB is not feasible. 

Handling ore. Problems resemble 
those in top-slicing (Art 70). With 
hand loading, all ore broken must be 
dhoveled. Barrows, or ears of 0.5-1.5 
ton, are used on sub-levels. Some 
^rect shoveling to raises is possible. 

Mechamical loading (usually with 
BOrapers) is nheaper, increases duty of 
labor, and shortens time for slicing 
and stripping. Most of the loading in 
nearly all Lake Superior iron mince is 
now (1938) done mechanically, everi 
where original development was 
planned for hand loading. For exam¬ 
ples, see Art 76, 91. Small amounts 
of waste can be sorted out and left in 
the slices; floors should be laid where 
this is done, otherwise, the same 
waste will appear when dice below is 
stripped. Extensive sorting is not 
feasible. 

Mat Is Started at top of orebody 

by one of the methods described 
in Art 70; see also Fig 518, Art 76, 
and accompanying text. 

Ventilation problems in sub-level 
caving are like those in top-slicing. 

For eflScient mining, powder smoke. Fig 512. 

and the heat and gases from decaying 
timber in gob, must be swept from the working places. Doors and brattices (Sec 14) are used to 
control natural air currents; working places which can not be thus ventilated have motor-driven 
pressure fans. Sub-levels are kept connected with main level above as long as possible, to facilitate 
handling timber; these connections and those with the timber-rsisee in shaft pillars greatly aid 
natural ventilation. B'or full discuesion of ventilating problems in Lake Superior iron mines, see 
Bib (298). 



VERT SEC X Y 

Slicing and Stripping Details 


Extraction. Some ore is lost in the gob, especially near top of orebody. Loss is 
materially reduced by using floor boards; it becomes less after some thickness of gob bos 
been formed. Pillars crushing prematurely can not always be entirely recovered; such 
caving may cause further loss by preventing access to other pillars. Different engineers 
estimate that 5-20% of ore is lost in sub-ievel caving; no accurate data available. 


76. SUB-LEVEL CAVING ON LAKE SUPERIOR IRON RANGES 

Gogebic Range, Mich and Wis. Data from C. F. Jackson (281) in 1931. Orebodies 
occur in several productive horizons in cherty and slaty beds, dipping 55°-75°, as concen¬ 
trations of hematite in V-shaped pitching troughs forme'd by intersection of dikes with 
footwall quartzite or impervious slates (Fig 513). Deposits, irregular in shape, vary 
from a few ft to several hundred ft in width and thickness, and from several hundred to 
several thousand ft in length. Hanging-wall capping usually consists of bands of slate 
and partly leached, cherty iron formation. On caving, hanging wall breaks into blocks 
or slabs tending to interlock and arch over openings of moderate size. Devei/jpment. 
Entry is by inclined or vert shaft in footwall (Fig 513); rrcent practice favors vert shafts. 
Main levels, 110-300 ft apart measured on dip of formation. Orebodies of the smaller 
widths are developed on mun levels by drifts parallel to strike (Fig 514); wide orebodies, 
by longit drift near footwall, with crosscuts about 100 ft apart (Fig 514). Bub-level 
vert interval is usually 18-25 ft, sometimes greater; at Montreal mine, 50 ft. Sul)-le\'cls 
are developed froin a series of raises from haulage drifts. Where baulage level comprises 
one or more longit drifts, the raises are on lines parallel to strike; slices usually run across 
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orebody, with raioM 18-20 ft apart at the Bub4eveLB, to provide for diieot aoraiiHna 
Bhoes. In very narrow orebodies slices generally 
run strikewise, with raises sometimes 200 ft apart. 

Where longit haulage drifts are used, raises are 
at same inclination as footwall; generally of 2 
cribbed oompts, an ore-pass and a manway contain¬ 
ing a timber slide, compressed-air line, and some¬ 
times a flexible ventilating pipe. If ore has been 
blocked out by crosscuts on haulage level (Fig 514), 
raises are crosswise of orebody, and slices parallel 
to strike. These raises may be vert, but are often 
inclined at right-angles to the crosscut and driven 
at on angle of 65°-^70*'. Regardless of haulage-level 
layout, raises are often 50 R apart in starting, but 
are branched at some point above to give spacing of 
18-25 ft at sub-levels (Fig 515). For exceptional 
procedure, see Montreal mine below. SuciNo AKp 
CAViNQ. Slice-drifts ai-e about 8 ft wide at top, 10 
ft at bottom, and 10 ft high. Rounds about 5 ft 
deep are drilled with hand-held hammer drills and 
auger'bits. Slice-drifts are’timbered with battei^ 
sets of round timber 5 or 6 ft o-c, lagged with 
split or pole lagging. Posts and caps are 7 or 8 ft 
long; diam from 8 or 10 in to 12 or 15 in. Timber is 
usually unpeeled tamarack; sometimes hemlock or 
hard wood. Where line of raises is parallel to 
strike, slice-drifts are driven from center line of 
raise to both walls; if crosswise of orebody, slices 
are parallel to strike in both directions to point 
halfway through block of ore between the raise lines. 

When slice-drift reaches hanging or footwall or to 
the predetermined mining limit, the sloping or 
“caving-back” operation starts at end of drift (Fig 
515). A side cut is first taken next to caved ground, 
followed by several others, the last out being always 
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Fig 513. Typical Cross-sec of a Gogebic Range Mine, 
snowing Scheme of Development 



Fig 514. Main- and Sub-level Development, Gogebic Range 
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ov«r the b»ok of the drift. In mak^ these cuts, lagging is removed from 1 or 2 sets, as 
required, to permit drilling. The side cuts are at an angle of 45°-50'* from horis; in 
blasting them, care is taken not to injure the pillar over back of drift. In starting the 
oaving'back work, it may be necessary to mine several sets before the gob will come 
down. During advance of the slice-drifts and the caving-back operations, the ore is 
scraped by power scrapers into the raises. Floors are not covered as carefully as in top- 
slicing before caving of gob, 
but some covering, often old 
timber, is usual. The “hog¬ 
back" between slices may be 
blasted before caving the gob; 
if it is not mucked out, a mat 
(poles covered with wire fenc¬ 
ing) is laid over it to prevent 
its mixing with gob. Caving- 
back operations are repeated, 
retreating to the raise, or to 
within about 8 ft of it if slicing 
is to be done on opposite side 
of the raise. Work is usually 
planned so that while a slice is 
being caved back, the adjacent 
slice IS advancing. Miners work 
in pairs, on contract, usually 
producing, in caving back, 40- 
60 tons per man-riiift, some¬ 
times 80 or more tons. One 
mine reports an aver of 40 tons 
per man-shift for slicing and 
ca\'ing back combined. Cav¬ 
ing back is carried on rapidly 
to minimize tim ber repair; slice- 
drifts are driven only in accordance with production requirements. Power scraping has 
virtually eliminated hand shoveling on Gogebic llange; usual equipment is commonly 
15-25-hp elec double-drum hoists, with hoe or box scrapers. At Montreal mine, below, 
use of scrapers has eliminated loading chutes on haulage levels. 

Ettreka-Astsroid mine, Gogebic Range, Mich. Data from O. M. Schaus (499) in 
1930. Geological features are typical of district (see above). Types of orebodies: (a) 
the usual one consists of masses of triangular cross-section, lying at intersections of 
diorite dikes with the footwall; (b) blankets 5-20 ft wide lying on the footwall. Ore is 
soft hematite requiring timbering of all openings. Hanging-wall capping is cherty iron 
formation. DBVELorMESNT. Main shaft is vert, in footwall midway between property 
lines; depth (1930), 3 275 ft; at 2 000 ft it is 1 000 ft from footwall. Haulage levels are 
at 200-ft vert intervals. lx»vcl development depends on size and shape of the orebody, 
but usually comprises one or more drifts parallel to strike. Drifts in ore are 9 by 11 ft 
outside timber; battered sets of 8-ft posts and caps are 5 ft c-c. Untimbered driRs and 
crosscuts in footwall are 8 by 10 ft. Where ore is in narrow veins or blankets, raises are 
as much as 200 ft apart; they have 2 cribbed compts, ore-pass and manway. Ore-passes 
are lined with 1..5-in hardwood plank to aid passage of sticky ore and prevent wear on 
cribbing. In orebodies 100 ft or more wide, main raisc»may be 50 ft apart, branch raises 
splitting the intervening pillar. Inclination of raises is 55‘’-90°; 65° slope has been found 
best for ore-passes. Vert spacing of sub-levels is 18-25 ft. Orebodies 5-50 ft wide are 
opened on sub-levels by drifts; wider bodies, by crosscut^ 25 ft apart, with a connecting 
drift along lino of raises. Mixing. Slice-drifts arc 8 by 9 ft; timbered with 7-ft posts 
and caps. Scrapers are used both in advancing slice-drifts and in caving-back work. 
In narrow orebodies, caving starts midway between raises, max economical scraping dis¬ 
tance being 100 ft. If ore is no wider than the drift, back lagging is removed between 2 
sets of timber and a 6-ft roimd drilled in the back. After blasting, miners stand on the 
broken ore to drill next cut, which is fanned out parallel to drift. Before this is blasted, 
3 or 4 back-lagging pmles are replaced to prevent premature runs of gob. When second 
cut reaches the caved sub-level above, ore from both cuts is scraped out. In wide ore- 
bodies, slices run across them, sub-levels being spaced vert on 18-ft centers and horiz 
on 25-ft centers. Caving-back follows typical Gogebic practice (Fig 515). Minors work 
on contract; when slicing, rates are lower in wide orebodies, higher in narrow ones. In 
1929, production averaged 5.71 tons per man-shift underground; dsmamite consurap- 



Fig 515. Caving Back 
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tion (60% in devolopinent, 40% in stoping) was 0.71 lb per ton; timber, 3.35 bd ft 
per ton. 

Newport mine, Iromrood, Mich. Data from B. W. Vallat in 1011 (76). This ex¬ 
ample, though old, is retained to show variations in main-level development, sublevels 
arrant for hand shoveling, and work at top of orebody. Entry was by inclined shafts in 
country rook, parallel to footwall dipping 68°. Fig 516 shows usual main-level develop¬ 
ment; where possible, drifts and crosscuts were driven on sides of 100-ft squares, but 
waste horses caused local variations. Vertical raises were 50 ft apart along drifts and 
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Fig /jlG. Newport Mine, Plan of 17th Level 


crosscuts. Sub-levels were 15 ft apart, beginning IS ft above main level, where a thicker 
pillar was left to protect haulageways. Sub-levels were opened by connecting the raises 
with drifts and crosscuts; the 100-ft pillars so formed were subdivided into 60-ft pillars, 
just before mining began in any area (h'ig 517). 

Slicing and caving were carried on in sections 300 to 400 ft long by full width of deposit. 
The contact between ore and rock at top of orebody pitched eastward. The first work on 
any sub-level started at its eastern end; an area 300 ft long was subdivided into 50-ft 
pillars (Fig 517). Slice-drifts (ciosscuts) A and B (Fig 618) were driven in succession 

across a pillar on hanging-wall side. Men working imder 
protection of the timbers in B drilled short holes in the 
ore above A, to break it clean without disturbing the 
capping; the sets were left to stand if they would. The 
flour of A was then covered with old lagging, blocking, 
etc, which, with the slice-sets, started the mat, on which 



I ‘"I 


PI 




Fig 517. Newport Mine, Plan of 
Part of a Sub-level 


Fig 518. 


Newport Mine, Slicing and Stripping under 
Capping 


the unsupported capping kept shelling off. Slice C was then driven, the ore over B was 
taken down, rnd so on over the whole area of sub-level. Meanwhile, areas 300 ft long 
to the west on same sub-level and 300 ft long to the east under the capping on next lower 
sub-level were developed (P'ig 519). Slicing suid stripping under gob proceeded as in Fig 
611. On sub-levels, ore which could not be shoveled to raises was handled in 0.5-ton cars 
("buggies”) on 8-lb rails, with turn-sheets at intersections of drfts. In 1910, Newport mine 
produced 1 074 800 tons in 307 days, using 0.608 linear ft of round timber and 0.0046 cord 
of lagging per ton. 
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Montreal mine, Gogebic Range, Wie. Data from R. A. Bowen, Aaet Supt (292) in 
1938. Or>^ ocoura as concentrations of hematite in pitching V-shaped troughs formed 
by intersection of dikes with quartsite or slaty sedimentary formation. Formation dips 
about 62* N; dikes, 45® S; troughs pitch about 16®. Orebodies up to ISO ft wide and 
1 400 ft long are scattered along 2 miles of formation. Ore is “soft,” of claylike consistency 
which is quite strong and permits relatively large openings. Capping is weakened longit 
by interlaminated ore seams, and transversely by cross-jointing planes; otherwise it is 
strong and hard, and breaks without producing very largo blocks or much fines, tending 
to arch and hang in cav¬ 
ing. The part of capping 
in direct contact with ore 
is high enough in iron to 
permit some ore dilution 
without destroying com¬ 
mercial value. Develop¬ 
ment. Entry is by vert 
shaft in footwall. Haul¬ 
age levels arc 150 ft 
apart; sub-level interval, 

.50 ft. Haulage levels are 
developed by a drift D 
(Fig 520) within footwall, 
from which crosscutsXare 
turned off to cross orcbody 
at 300-ft intervals. Main- 
level entries are either gunited or timbered with battered sets, ,5 ft c-c, with 8-ft posts and 
caps, 11-13 in diam. Near the footwall, a “loading drift” E, alx>iit 50 ft long, is driven in 
one direction from each crosscut, elevated 4.5 ft above rail in crosscut. Opposite the 
entrance to each loading drift a short drift nms in the other direction to accommodate a 
scraper hoist. From each loading drift a double-compt cribljed “mining" raise It, 4 by 
4 ft inside each conipt, without chute pocket, i.s driven at the footwall inclination to the 
second sub-level, 100 ft aliove. All ore from the mining raises is scraped through the 
loading drifts to cars in the crosscuts. Nearer the center of the orcbody, from drifts similar 


Ijongltiidlfial bcililing fault 



Air ralt 


nanlagc flrfft to shaft • 

Fig 520. Montreal Mine, Generalized Plan of Tlaulago Level 

to the loading drifts, a second raise 5 is driven to handle materials and serve as travelway 
and airway. Other raises within the footwall connect the main levels for ventilation. On 
the sub-levels, a “slushing” drift T coniiccts the mining raises (Fig .521); crosscuts U 
connect the various rp.iseB serving each main crosscut. The ore is blocked out in 50-ft 
pillars along the strike, formed by 2 crosscuts V at 25 ft c-c, each 12.5 ft from the center 
line of pillar. Sub-level entries are timbered with battered sets 5.5 ft c-c, with 8-ft 
posts and caps. Stopino anp cavino. Mining starts in a pillar midway between 2 
mining raises, developed by the 2 crosscuts V. A manway is raised midway between cross* 





Fig 619. Newport Mine, delation between Work on Sub-levels. 
(Vert longit see, vert scale exaggerated) 
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cuta to a point 25 ft abovo the sub-level and a small, untimbered sub-crosscut F is driven to 
the ore limit (Fig 522). B^iouing near the ore limit, openings W from the inside of mch 
crosscut are carried up, enlarging as they progress, until they hole through to one another 
and connect with the mmway. Thereafter the “atope” is enlarged by narrow benches. 
As “slice" holes are blasted in the sides, the back caves down imtil it arches over the added 
width of opening created. The operation is thus carried on until the protecting shell of 
ore around the stope is very thin. The gob is usually exposed in severai places before the 
stope begins to show weight. At this stage, any supporting ribs are cut, and caving or 


X<onsiliictlnal bedding fault 



Fig 521. Montreal Mine, Generalized Plan of Sub-level 


“dropping" starts. Caving is gradual and may continue for several shifts. By successive 
mining and caving, the pillar is mined back to the “slushing” drift T, and any ore on the 
footwall side is also stoped. The drift is well propped for passage of air after mining is 
finished. In sub-level work, a “task" for 2 men in advancing a heading is 5.5 ft per shift; 
for driving 2-compt raise, 4.5 ft per shift. In stoping, the task is 40 toms per man-shift, 
including slushing. Bonus is paid for work exceeding “tasks.” Miners work in pairs; 
2 pairs together in a stope (pillar), one slushing while the other drills and blasts. A 
slushing drift with one stope in operation, and enough crosscutting to keep ahead of 
mining, produces about 6 000 tons per mo, working double shift 5 days a week. 


Y 


Vert Cross-sec Vert Longit Sec 

Fig 522. Stoping Procedure, Montreal Mine 

Chandler mine, Vermilion Range, Minn (153, 183, 287). Orebody occurs in a flat¬ 
dipping trough (Fig 106, A. 1 14) capped by jasper. Ore is bard hematite, though shattered 
and broken, and machinp<ir!lls are often needed in driving main levels. Fig 106 shows 
mode of entry and position of level*! and subs. Down to 8th level, main levels were 50 to 
75 ft apart; sub-levels, 12.5 to 15 ft apart. Ore in the legs of the trough was about 70 
ft thick; ms'n levels usually cv-mprised 2 drifts, near the walls and connected at interv^ 
by crosscuts. Raises were apaced 50 ft. ^art along drifts. Sub-levels were opened, 
sliced and stripped, as describe in text accompanying Fig 512, Art 76. Sets in sub- and 
main-levels were 3 4o 4 ft apart; top lagging was used in idl drifts; little aide lagging was 
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Fig 523. (Diagrammatic) 


needed. No floors were laid in slices. Barrows or small cars (buggies) were used on sub- 
levels. Below the Sth level, shaft stations were cut at 20-ft vertical intervals; intermediate 
levels wore of same size as main levels (Fig 106). Ore 
on each intermediate level was cut into pillars by drifts 
and crosscuts, and mined as on upper levels. This 
saved many raises and allowed greater use of cars 
instead of barrows. 

Scraping in mines developed for hand loading (482) 
involves use of slides for loading cars (Sec 27), or right- 
angle turns in scraper leads duo to spacing of raises. 

Fig 523 shows a plan to overcome these difliculties in 
heavy ground. Level interval is 110 ft; main levels 
comprise parallel drifts 50-75 ft apart, from which 
2-compt raises C are put up 33 ft apart; sub-level 
interval, 18 ft; bottom sub, 20 ft above main level. 

Short branch raises B are put up to each sub-level 
from chute compartments of main raises. Branch 
raises start from horizon of next Ic' cr sub-lcvcl. The 
drift-slices are on 11-ft centcis (see dotted lines); each 
has a raise opposite its entrance, into which broken ore 
is scraped. Fig 524 shows a variation of this plan, used 
in firm ground where the sub-level drift E may be 
driven before sliciag starts on the sub above. Vert raises R are put up to the upper 
sub opposite each slice-drift, and timber slides B convoy broken ore to main raises (7. In 

another variation, main raises are 50 ft apart and 
branched as in Fig 523, to come out on the mining sub 
at intervals of about 17 ft. Slice-drifts (10 ft wide at 
bottom) are started opposite raises: half the pillar on 
each side of a slice is drawn when slice is stripped. 
In these variations, the scraping hoist is located at 
the raise and broken ore is scraped directly into it. 
Such direct scraping gives outputs loaded per contract 
crew from 75 to 100% greater than in hand-loading 
contracts. 

Fig 525 shows a more elaborate system of branched 
raises, to iiermit use of scrapt'r loading in sub-level 
caving of a large orebody, originally developed for 
hand loading. Main levels, 110 ft apart, comprise 
parallel drifts h on fi5-ft centers; raises R are inclined 6.5° and 33 ft ai»art. On third 
sub, 56 ft above the main level, the rai.ses are connected by drifts D, parallel to drifts h. 
From alternate raises along drift D, 2-coTnpt raises E, 
also inclined 65°, are put up to top sub; 4 by 4 ft branches 
F are driven from the horizon of the sub below to top 
one. A greater width of ore may require an extra drift 
as at G, and the raises H. On top sub-level, crosscute 
C, 66 ft apart, are driven to connect tops of the raises. 

Slices 33 ft long are driven from crosscuts, as at S; inter¬ 
vening pillars are drawn as slices are stripiK*d. Added 
raises arc put up to serve lower sub-levels, as shown by 
dotted lines in Sec XY. This provides short straight 
hauls for scrapers; it reijuires a largo footage of raises 
and drifts. Width served by a given set of main raises 
decreases on .succe.ssivo subs; on lowest subs in a lift, 
other methods must be used for handling part of the 
ore. 

Radial slicing, developed by Oliver Mining Co on 
Vermilion and Gogebic Ranges, avoiils 00° turn.s in 
scraping and also branched or other closely spaced raises. 

Double-compt, 4 by 8-ft rcise.s, on 23-ft centers, are 
put up from main level drifts, which are 05 ft apart; 
sub-level interval, 18 f'.. On each sub-level the raises 
are connected by drifts and crosscuts, dividing the ore 
into blocks about 26 by 55 ft in horiz see. Successive 



Fig .524. Vert See through Sub¬ 
level Drift ^.diagrammatic) 



Fig .52.5. 
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Mun Level 

VERT SEC X-Y 

Sub-level Caving, 
(diagrammatic) 


operations in each block are shown in sketches A to F, Fig 526. A is the first slice-drift. 
Without removing timbers, the left half of the back of last 3 sots included in shaded area 
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(1) is then caved. In B, posts a and 6 are removed and the caps supported by center props 
o' and b'. From this opening a diagonal or radial slice is staited, which clears first slice' 
drift in a distance of about 15 ft and then continues parallel to it. Rail or plank are 
spiked to inside of posts at the curve, about 6 in from bottom, to guide scraper around 
tlie corner. Shaded aroa (2) is then stripped, 1 set at a time, by removing a few side or 
top lagging, and blasting or barring down the back. In stripping, only the ore which can 

not be reached from the 


Ckved inwiid 


succeeding slice is taken; 
as much solid ground as 
possible is left over the 
miners. The back is usu¬ 
ally caved for 2-2.5 ft 
from left end of cap. 
Broken timber and rock 
from the cave are thrown 
into first slice-drift and 
help keep posts from mov¬ 
ing. In C, a 2nd diagonal 
slice is started by taking 
out posts c and d and put' 
ting in center props as be¬ 
fore. The back in shaded 
area (3) is caved into this 
slice. In D, a 3rd diagonal 
slice is started by changing 
the timbering at the raise 
as shown, taking out posts 
e and / and placing center 
props and /'. This slice 
extends from the raise to 
opposite corner of block; 
the back in shaded area 
(4) is caved into it. Sec¬ 
tion A A, Fig 527, shows 
that this slice yields a 
much larger tonnage than 
the others. In E, the 4th diagonal slice again requires changes in timbering as indicated; 
the back, shaded area (5), is ravetl into this slice. In F, the last diagonal slice is started 
by making the changes indicated in drift timbering, and the back included in shaded area 
(6) is caved. Remainder of the back, shaded area (7), is 
caved into the crosscut. This general plan is modified in 
detail as required by conditions. Some operators state that 
radial slicing requires more timber than work with branch 
raises. Compared with regular slicing and hand loading, 
radial slicing increases production per man 7.5-100% and 
reduces time to mine a block, hence decreases timber 
repairs. Table 50 compares hand loading in rectangular 
slices with scraper loading in radial slirc.<i at same mine. 

In radial slicing, the production of a 2-man contract w'ith 
double-drum scraping is 20-30 tons per shift during slicing-in, and 30-100 tons pur 
shift during stripping; aver output for both slicing and caving, 30-40 tons per 
shift. 



Fig 526. Radial Slicing (diagrammatic) 



Fig 527. 
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Table 60. Sub-level Caving. Comparison of Regular Slicing and Hand 
Loading with Radial Slicing and Scraper Loading 



Rcciilar, 

i.Jiiid 

luauiiig 

l^adiul, 

BcrapiDg 


Regular, 

hand 

loading 

Hadia'*!, 

Bcrapiag 


10 992 

14 886 

Tons per timber set. 

76.87 

66.75 


I 344 

820 

Tons per prop. 

112 16 

323 6 

Timber e^ji. 


223 

Sets per 100 tons. 


1.5 

Prnp« .. 

98 

46 

Props per 100 tons. 

0.89 

0 31 

Tons per man-ehift. .. 

8 18 

18 3 

bagging per set. 

1/4 cord 

3/l0 cord 
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Miscellaaeoos examples. Fig 528 shows application of scraper loading in mining 
one leg of i trough-shaped deposit. The ore, about 15 ft thick, lies on a dike dipping about 
26*. A tramming drift A was driven; Ijack of drift was cut out at intervals of 2^ ft, and 
from these openings inclined slice-drifts B, 7.5 ft high by 8 ft wide, were run to limits of 
the ore. Stripping retreats from upper end of slice-drift; the back and half the pillar on 
each side of the slice-drift are caved into it; broken ore is st'raped to a chute, which loads 
a car on the tramming level A . Aver output per man-shift, 18 tons. 







VERTICAL 
SECTION 


Fig 528. Scraper Loading in Trough- 
shaped Deposit 



Method shown in Fig 529 w'as used to mine an orobody 60 ft wide. Main levels and 
raises from them were in footwall, which was lean ore (35% Fe). Sub-level intt»rval, 20 ft; 
sub-level development comprised crosscuts 50 ft apart, run from each raise to hanging 
wall. Slicing started at lianging wall; the back of crosscut was cut out aiid a slice-drift 
was driven from the crosscut. Broken ore was scraped from slice-drift into a car standing in 
the crosscut. (Compare with sub-gangway used in tup-slicing at ('opper (^uecn mine. 
Art 70). 


77. SUB-LEVEL CAVING IN UTAH AND ARIZONA 

Mercur, Utah. Oheboiues are low-grade gold and silver-bearing replacement deposits 
in tough, hard limestone, underlying sheets of jiorphyry which follow the limestone bedding 
planes on lioth strike and dip. There are several sheets of porphyry, and in places cor¬ 
responding parallel orebodies overlying each other. De];>osits are 4 to 70 ft thick; dip, 
0“ to 30®. Ore is usually soft, sometimes like clay; drilling is done single-hand or with 
augers; 30% dynamite is used. The porphyry hanging wall is blocky and generally 
caves reaflily. Practice of Consol Mercur Gold Mines Co is descrilred below; this 
company suspended operations in 1913. DfiVELOPMENy. Entry was by a compound 
shaft (Art 16), the lower pert being vertical; at each level a crosscut was run through 
the orebodies, with a drift along each body. Inclines wore often sunk in ore from main 
levels and drifts turned off from them alternately to right and loft at .50 ft apart, moasuied 
on dip. Thin BEDS (less than 20 ft thick; description by G. IT. Dern, Bib 29.5). Fig 530 
shows part of an oreshoot cut off on one side by a fault. Crosscut (/ was driven to footwall 
and a raise R followed the footwall to level above. Rub-levels, 4 by 6-ft, driven on footwall 
to the fault at 16-ft intervals, were timbered with .3-piece seta and lagged. An area thus 
opened was allowed to stand soinetime.s 2 or 3 mouths, so that pillars ^’tween subs would 
crush and become well broken; during thi.s period, sub-levels were kept open by easing 
timbers where necessary. Mining l) 0 Ran at fault on sub No 1, by pulling out a sot of tim¬ 
ber; as the ore caved it was shuveiod into a car and trammed to raise R, or to special 
chutes provided for this purpose. A little blasting was required, tc bring down ore and to 
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blookhole boulders. When waste rook appeared, the miner retreated one set and rei>eated 
operation. When sub No 1 had been drawn back 10 or 12 ft, work started in same way 
in sub No 2, and so on in lower sub-levels. If two orebodies occurred, the upper one was 
mined first. Advantages claimed for the method were: Mna.ll timbw and powder con¬ 
sumption, safety, high extraction, clean mining. It was not applicable to deposits over 
15 to 20 ft thick. Thick beds could be mined in 15-ft layers or slices parallel to bangin g 
wall, by methods described above. Hanging-wall slice was taken first, followed by lower 





Lev^ 
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Fig 530. Merciir, Utah. Sub-level Caving 


PLAN OP TOP SUB-LEVEL 


Fig 531. Mercur, Utah. Sub-level Caving 








’.lioes as ground above them was worked out and caved; eventually mining proceeded 
simultaneously in all slices (190). 

Fig 531, from R. H. Allen (296), ^ows another form of sub-level caving, for beds up to 
70 ft thick. Main levels consisted of parallel drifts £>, connected by crosscuts C, 25 to 50 
it apart. Raises were driven between crosscuts. As the minimum angle on which 
ore will slide is greater than the dip, new raises had to be started on footwall side of higher 
3ub-leve>s, as at 7'. Raises nearest footwall had chute and ladderway compartments; 

others had a single chute-compart- 
Original Surface^ ^ ment. Snb-levels were 14 ft apart 

^ vertically; sub-level development 

I 5^ consisted of driving crosscuts S 
\ from each raise to foot and hang- 

^ walls. Mining began on the 

highest sub-level; ends of crosscuts 
hanging wall were widened 
out until two or more crosscuts 
were connected, the roof of excava- 
^ tion being temporarily supported 
by stulls. To start caving, a few 
holes were drilled in the back next 
to the hanging wall. Pillars be- 
tween crosscuts were worked back 
WTdroot^Ubydrivm.^ 
X Y wve slice-drifts, 6 or 7 ft high, 

Fig 532. Aiisona Copper Co. Sub-level Caving across them; slices were timberrid 

with 3-piece sets. Ore was hand¬ 
led to chutes in barrows. Shoveling along face of cave was stopped when much waste 
appeared, and a new section of the back was allowed or forced to cave, a safe working 
place being kept open along faces of pillars. Drilling was ail done by hand, no heavy 
blasts were fired, and light timherj were adequate. Caving was not started in any area 
until the sub-level above had be^'o worked back to footwall; by mining ore in blocks, caving 
could be carried on simultaneously on sevei ^vl sub-levels at different points along the strike. 
Thickness of ore caved on each sub-level was 4-7 ft; thus, 30 to 50% of orebody was broken 
by caving; remainder was obtained in drifts and slices. Results of work indicated that a 
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Fig 532. Aiisona Copper Co. Sub-level Caving 
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12*ft interval between aub-Ievels might be better; a 4-ft back could be kept under better 
control and gave higher extraction than a 7-ft back. It was difficult to extract all ore 
along footwall, especially where dip was flat. Whore this method was used, ore was fairly 
firm, hanging wall weak. Timber and powder consumption were low: labor cost, high. 
Daily output, 700-800 tons; output per 8-hr man-shift underground, about 2.6 tons. 

Aiixona Copper Co, Morenci, Aria. Fig 5.32 (P. B. Scotland, 1915) shows a method 
once employed in upper part of an orebody preparatory to tof^slieing. Sub-levels were 
20 ft apart vertically; intermediate hand-tramming levels, about 75 ft apart. Interval 
between raises, 20 ft; ground was mined in blocks 40 ft wide. No mat was used; grade 
of ore recovered was seriously decreased by mixture with waste (178). Van Barneveld 
(482) cites use of a similar variation of sub-level caving on Gogebic Range, using branched 
raises to reduce handling costs. 

78. SUMMARY, SUB-LEVEL CAVING 

General. Sub-level caving is adapted to large-scale work in large, weak orebodies 
(see Suitable orebodies. Art 75). It is safe, and when properly conducted will yield 
a high extraction and produce clean ore. Disadvantages are in general the same as for 
top-slicing (Art 74); see comparison below. 

Requirements (a), (b), (d) and (f) for top-slicing (Art 74) apply directly to suMevcl 
caving; other essentials for the successful application of sub-level caving are: (a) Weight 
of caved ground is necessary on top of workings, and orebody must lx? wide enough tr 
permit free descent of gob. (b) Waste, if in large amounts, iirohibits sub-level caving, as 
it can not be stowed underground. Waste horses must be broken unless large enough to 
divide the deposit into sections which can be worked independently. Some grading ol 
iron ore is possible, (c) Boundaries of orebodies should bo fairly regular. 

Sub-level caving vs top-slicing (Art 74). Relative advaataoes of sub-level caving: 
(a) Cost of breaking grounil is lower, (b) Less timber is required, (c) Larger daily 
output is possible from a given area, (cf) Natural ventilation is generally better, and there 
is less timber to be hoisted to working places; local conditions and plan of work determine 
whether sub-level caving has any superiority in these respects. Relative DISAuvA^TAaEB 
of sub-level caving: (a) Percentage extraction is slightly less, and there is always a greatei 
chance of losing ore. (b) Mining is not so clean; more waste is mixeil with ore. (c) Less 
sorting is possible in slices; grading of ore is more difficult, (d) Caving of overlying 
ground is not under such close control. 

Factors of relative cost, percentage extraction, clean raining, and control predominate 
in making a choice. Top-slicing is bettor in very soft ground. It is used where its higher 
extraction produces ore rich enough to offset its higher cost, and where admixture ol 
waste would lower the metal content of ore sufficiently to impair its market value. Tender 
other conditions, sub-level caving is preferable. Block-caving is a possible alternative 
for sub-level caving (Art 82). 


79. BLOCK-CAVING 

General. Large sections (blocks) of the orebody, sometimes to a height of 400 ft or 
more, are successively undercut and allowed to slough and cave above the undercut por¬ 
tion. Drawing off the caved ore causes further caving, often aided and controlled as to its 
lateral extent by weakening the boundaries of the block by narrow shrinkage stopes or 
superimposed cut-off drifts. The ore caves and crushes by its own weight and weight 
of overlying capping into pieces of suitable size for handling. Caving usually extends 
eventually to the surface, the overburden settling as support of the \inderlying ore is 
removed. Drawing coutinues until appearance of ovefburden material at drawpoints 
indicates exhaustion of the ore. This method is a natural development of sub-level caving 
(Art 75-78), through gradual increase in height of ore caved in one operation. Some pillar- 
oaving methods (Art 84-87) may be considered as varieties of block-caving. Following 
paragraphs presuppose a knowledge of details obtainable from Art 80. 

Suitable orebodies are wide veins, thick beds, or massive deposits of homogeneous 
ore, overlain by ground which will cave readily. The ore must be such that it can be 
supported while blocks are developed and undercut, and will break up when caved. For 
other requirements and limitations, see Art 81. The chief field of use in the U 8 is in the 
Lake Superior iron districts snd the “porphyry” copper mines. 

Varieties of block-caving. There are 3 distinct forms: (o) Dividing horiz area of ore- 
body into rectangular or nearly rectangular blocks, often square, drawing evenly over 
entire area to maintain an approx horiz plane of contact between broken ore and caved 
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capping, (b) Dividing horis area of orebody into panels, either crosswise or lengthwise ol 
oretody, retreating from one end of panel to the other and maintaining inclined plane of 
contact between broken ore and caved capping, (c) No division of horiz area of orebody 
into definite blocks or panels; undercutting may be from wall to wall, with retreat from 
one end of orebody to the other, maintaining inclined plane of contact between broken ore 
and caved capping. 

Under (a), the Pewabic (Art 80) was the first used and is the type form from which 
other varieties of block-caving have been develoiHid. Blocks were undercut on main 
levels and ore was handled by shoveling in drifts driven through the caved mass. Present 
practice in all forms of block-caving is to undercut on a 8ul>-level, and draw caved ore 
through vert or branched chute-raises to tramway level below; those methods are called 
“block-caving into chutes.” 

Development must l)e sxiited to the characteristics of the orebody and form of block¬ 
caving used; typical examples are given in Art 80. llomarks in Art 70, 76, on modes of 
entry, and las’out of main and sub-levels, for toi)-8licing and sub-level caving, apply in 
general to block-caving. 

Size of blocks. (See Table 51). Ratio of ore broken by caving and by blasting 
dojK^nds chiefly on height of block; hence, high blocks are desirable; they also reduce cost 
of devc'lopment per ton of ore. Max practical height depends on thickness of deposit, 
dip of orelKidy, and character of ore and capping; best guide is experience elsewhere under 
similar eonditions. Among "porphyry” copper mines using block-caving, height of blocks 
has increased from Joss than 1(K) ft to over 300 ft in some cases; King (asbestos) mine, Quo- 
l>er, has caved successfully blocks 400 ft high. As to horiz area, tendency of Miami 
Copx>er Co has been to reduce size of individual blocks; original practice of undercutting 
from wall to wall and retreating from one end of orclxidy to other was gradually modified 
to mining of blocks 150 ft sijuare, largely to reduce maintenance of development openings. 
F. W. McClonnan states (283) tliat size of block should be largo enough to cause the ground 
to cave freely when under<’ut and small enough not to throw excessive wt on the extraction 
openings Iwlow; that is, it is a conix>i-omise Ijetwceu free caving and low maintenance cost. 
Such compromise is sought at some mines by caving in panels, where width of block may 
be 75-200 ft, but length determined by length or width of oieljody. 


Table 51. Size of Blocks in Block-caving (Details in Art 80) 


Mine j 

Width, 

ft 

1 

Ticngth, 

ft 

Height, 

(t 

Mine 

Width. 

ft 

Length, 

ft 

Height, 

ft 

Pewabic. 

200 (a) 

200-250 

100-125 

Miami. . 

150 

150 

300+ 

Menruninee Range (6).. . 

250 

250 

too 

rnspiration 

100 (j) 

100 (j) 

200 (/) 

Tobin (Menom R) (e)... 

100 

200 

125 

Ray. 

200 

200 

150-300 

Rfowry.- 

65 (a) 

180 (d) 

150 


160 

160 

400 

fluniboldt (above 350 ft) 

150 

(e) 

30-100 

. 

Andes. 

110 

132 

175-250 

Humboldt (below 350 ft) 

IP 

200 409 

100-180 

Climax.. 


1 

400-600 


(n) Width of orebotly. (fc) One mine, fr) Larxest block caved up to 1912. (rf) Tjength of 
orebody. (c) dec Art 80. (/) Aver; vuiies 70-300 ft. O’) Usual .lize; for exceptions, see .4rt 80. 


Timber mats for separating capping from caved ore are rarely feasible in block-caving. 
Thej' may be formed as described in Art 70, but can not be built Uf) nor rex>aired after 
caving Ix'gins (Detroit Copper Co, Art 80). Miami Copper Co tried block-<!aving under 
a heavy tinilier mat formed in mining upper part of an orebody by top-slicing (Art 70). 
The timbers reached the chutes before all the ore was ilrawn and had to lie transported to 
surface; many timbers were blasted out of the chutes ((501). 

Extraction. Figures of percentage extraction attained in block-caving are necessarily 
ba.sed on estimates of original tennage, as.«ay A'^aluc, .and metal content in the caved 
urea (collectively ciallcd the expectancy); hence, tlie accuracy of extraction estimates 
depends in part on accuracy in expectancy estimates. 

Bee Sec 26 for methods of estimating tonnage and value of ore in place. In porphyry 
'Copper mines, drill holes (-Art 10-b) and (or) underground workings supply data for sections 
from which expectancy cstpofites are made. At Miami, tonnage estimates are made from 
vert sections 25 ft apart and parallel to direction of the drawing operations; ore limits on 
these sections are obtained from saripling the final drift and raise dcvelojmient, of which 
there is an aver of 1 ft per 47 ton.s of ore in place. Assay value calculated from samples 
is reduced 10%, based on previous experience in chocking actual against sampling values 
when mining largo tonnages '.>y top-slicing, where there was no dilution by waste (601). 
Practice elsewhere is similar. 

Th^ is less chance of error in determining actual tonnage extracted and its assay, as 
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these figures are usually obtained by mechanical samplers and weighing devices at milis, 
and are accurate in total even if the distribution of tonnage to individual blocks or chutes 
is in error. Careful records of amounts drawn from chutes are esseirtial, to permit calcular 
tions of position of the caved overburden and control its subsidence; for practice, see 
Humboldt mine below, and Miami mine, Art 80. 

Figures for tonnage, grade (assay), and metal extraction are all required to give a clear 
picture of extraction. Tonnauk KXTKA(rriON is usually larger than tonnage expectancy, 
because in block-caving there is always some dilution by waste; for same reason, GRAnu 
BZTHACTiON is usuully lower than grade expectancy. Metal extraction is the total 
metal in ore extracted; if the capping or walls of orebody are partially mineralized, metal 
extraction may bo higher than expectancy, in which case grade extrac-tion will be lower 
than expectancy. Correct figures for extraction by block-caving can not be obtamed 
until sufficient area has been mined to give proper weight to clean ore fr:>m development 
openings and temporary pillars left over main ami sub-levels, etc; in the pojphyry coppers, 
final extraction is not determined until a section of the deposit has been Ixittomed. 

Extraction results. Table 52 shows range of tonnage and grade extraction as experi* 
enced at Miami mine. From F. W. McClennan in 1930 (283). 


Table 62. Extraction Results at Miami Mine (See Art 80 for conditions) 



Expectancy 

Mined 

Per cent extract!.m 


Tons 

Cu % 

Tons 

Cu % 

Tonnage 

( f 
. V 

tirade 

% 

Aletal 

Total of 13 completed 
stopee. 

11 038 070 

1.0260 

12 710 378 

0.9124 

115. 15 

88 93 

102.40 

Beet original stupe... . 

998 016 

1.0388 

1 210 424 

1.0091 

121 28 

97. 14 

117.81 

Beet pillar slope. 

319 560 

1 0640 

387 827 

0.9348 

121 36 

87 86 

106 63 

Poorest original stupe . 

1 071 515 

0 8701 

I 053 153 

0 7780 

98 28 

89.48 

87.94 

Pixirest pillar stupe. 

1 098 313 

1 1067 

1 025 032 

0 8995 

93 33 

81 28 

75 86 


Note. Poorest pillar stojsj was I-IO by .'500 ft in i>lan; best pillar btopc, 150 by 1.50 ft. I'oriiiave 
expectancy iigures do not include nurToiv "iiaititions" between certain blocks. At tlie Hutli iiunc, 
Ely, Nev, tbe results of drawing l(i OOO 000 tons of ore show a metal extraction of about 87',;,, with 
a tonnage extraction of 101';; (data fioin Co olUcials in 1038.) 

Ore drawing. Chief cause of poor extraction is dilution by wnsto during drawing; 
dilution depends largely on: («) nature of oie, w.alla and cupping; (h) spacing of draw 
points; (c) oxperienee and rare in drawing; (d) extent to which gob is eornsolidated in 
adjacent mined-out blocks. F. \V. Mefjlcnnan (283) gives following 2 piim ijial objectives 
in drawing, saying that m practice a compiomiBc- Ix'twccn them is reached; (1) I'o draw 
a max ore tonnage with minimum dilution by waste capping, the ore should he diuwn 
evenly, so that the contact lietwcen broken ore and broken capping will lie an even plane, 
preferably horiz. (2) To regulate the drawing so as to avoid or relieve damaging weight 
on extraction openings lielow (he broken ore, thus reducing maintenance and oro-drawirig 
costs and interference with the predetermined order of ore drawing. 

Theoretically, closely spaced cbutc.s, from whi<-li ore is drawn carefully and evenly over a Iiirgn 
area under a high block, should give mm dilution and max extraction. In practice, the dilficulty and 
cost of keeping drifts and chutes open in large di.iwing areas under caving ground gcnernlly jirc- 
cludes such plan. In block-oaviiig in panels it is customary to undercut the oie in small .sectiuiii, 
retreating from one end of a block to the other. The drawing i^ea is bounded by tlic line across tne 
block on wiiich undercutting is being done, by ibc side.s of tlie block, and by a line of chutes across 
the block on which the ore has iH'en drawn to capping, or to the niiiiimum allowable grade of diluted 
ore. Working thus, the contact between top of ca\ cd ore and overlying caved waste is kept as nearly 
a plane as possible, but the plane is inclined, not lioriz, sloping at 30''-80'’. Factors inllucncing slope 
are summarized by M. Mosier and .). Mai tin for II vmuolut mine, Moteiici, Ariz, a.s follows (OdOj: A 
horiz contact is desirable to maintain a flow of clean ore through chutes with mmimuin dilution, but 
requires maintenance of a large area of traninuiig level to produce a given output, also large working 
capital. A nearly vert slope would minimize wt on diifts and cost of maintenance, but would iiictease 
dilution to an impowijblo max. Between these limits is an angle, which, while allowing moderate 
dilution, permits a caving area large enough to furnish the scheduled daily tonnage without excessive 
repair casta. Factors influencing choice of angle aie: characitr of ground, method of casing, thick¬ 
ness of pillars between drawing points, giade and character of overburden, output required, and size 
of drawing area. 

An aver slope of 60° i,ras found best for conditions at Humboldt mine; if wt on workings grew 
excessive, the drawing area was reduced at limes by steepening the slope to 70" ( ^rt 87) Slope of 
contact between broken ore and waste (“angle of retieat") was calculated on the assumptions; (a) 
that during drawing, ore and waste traveled on vert lines; (») that the relative sp gr of solid and 
broken ore measured tbe relative space occupied by each. In this case, the ratic between space ocoa- 
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pied by solid and broken ore was 12: 20. Vert sections were made th>-ough each line of drawing points 
at right-angles to line of retreat; the theoretical results of drawing were plotted on these and the smgle 
of retreat was measured. Position of capping or waste was known before undercutting and caving 
began. As undercutting proceeded and ore was drawn, room was made for the expansion of solid ore 
from 12 to 20 cu ft per ton; as drawing proceeded, this expansion reached the top of the ore. Further 
drawing caused the waste to move downward: assuming the movement to be vert, the amount of 
ore drawn from a line of chutes measured the distance through whioli the contact between ore and 
waste dropped. Bxperience at Uumboldt mine proved that the "draw charts” so made were fairly 
accurate; waste appeared at the chutes very close to the expected time. 

The Rawing area in a block of given width is determined by distance between the toe of the 
waste-ore contact A (Fig 533) and the point B, at which undercutting is completed. If ore oaves from 

the brow BC as fast os broken ore is drawn be¬ 
neath it, the angle of the brow may also be con¬ 
trolled through regulated drawing. The brow 
may be vert or as hat as 30°, depending on char¬ 
acter of ground and overburden and relative 
speeds of drawing and undercutting. A long 
overhanging brow may throw wt on adjacent 
workings; this is relieved, without decreasing the 
broken ore available, by driving a transverse 
shrinkage stope ,S (Fig 633) at front edge of the 
undercut area. If chutes under the brow are 
drawn more rapidly than ore mil nave from the 
brow, an opening is formed tiirough which waste 
flows from above. At Humboldt mine it was 
found that the sloping contact between broken 
ore and waste should not intersect the overhang- 
iiig brow, else some ore at upper end of brow would be lost; depending on height of block caved, the 
distance CD sliould be 20- 50 ft. 

Models may aid in determining best methods of drawini,; for teats made in 1913-14 for this pur¬ 
pose at Inspiration mine, see )til> (262). In general, a capping that breaks into fine particles gives 
lower extraction than one caving in large slabs. Finely crushed ore may give trouble by packing 
(especially if moist), or by channeling through to capping. For further detail, see Examples of prac¬ 
tice, Art 30, 81. 


Direction of retreat 



Fig 533. Humboldt Mine, Longit Vert See 
through Blocks (diagrammatic) 


80. EXAMPLES OF BLOCK-CAVING PRACTICE 


Pewabic mine, Menominee Range, Mich. Data from E. F. Brown (299) in 1898 and 
R. B. Briusmade (163) in 1911. This form of block-caving was the first attempted. 
Method was crude as to ore handling, but principles of caving apply in present practice. 

A lens of hard siliceous hematite, about 2 000 ft long by 200 ft wide, and dipping 76® 
to 90®, was overlain by hard, horizontally bedded sandstone; walls wore of slate. Block- 



Fig 634. Development for Block-caving, 
Pewabic Mine 


caving was used in low-grade ore, constitut¬ 
ing most of the deposit; blocks 200 to 250 ft 
long, 100 to 12,5 ft high and full width of the 
deposit wore caved in one operation. 



Fig 535. Pillars under a Block 


The level interval was > 00 to 125 ft. A main haulage-drift H (Fig 634) was driven in 
the footwall about 20 ft from the orebody. Crosscuts T ran to the hanging wall at the 
ends of the block to be caved; usuaUy 2 intermediate and equidistant crosscuts C were 
run in a 250-ft block. The hangiiig-wali drift S aided ventilation. At 50-ft intervals along 
crosscuts T, laises X reached to within 20 ft of the level above, with crosscuts F connecting 
their tops. From crosscuts F, underhand slopes, 8 ft wide, were then opened from wall 
to wall and were carried down to crosscuts T. Thus both ends of a block to be caved 
were cut kwse from the adjacent ore, except for a height cf 20 ft at the top of the block 
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Meanwhile, a breast stope 7 ft high was carried across the bottom of the block from cross* 
outs C. Strong pillars P (Fig 535) were left alongside crosscuts 7; elsewhere the block was 
supported on irregular pillars, made as small as was consistent with safety. None of the 
above work required timbering. Pillars were drilled with numerous holes and blasted 
out in sections. The block of ore was then free at the top and bottom, and was practically 
unsupported at its ends. A block took several weeks to settle 7 ft, after which the caved 
mass continued to “work” and crush itself; in 6 or 8 months, 

80% of the ore would pass a 3-in ring. 

Alter the ore was sufficiently crushed, timbered cross¬ 
cuts M (Fig 536) were driven by spiling to the hanging 
wall from the stub ends of crosscuts C; drifts 2> were 
turned off from Af, every 25 ft. Short crosscuts might also 
be driven at 25-ft intervals from nearest drift to hanging 
wall. Plats were laid at ends of drifts, ore was allowed to 
run in and was shoveled into cars. When waste appeared, 
a set or two of timber was blasted down and drawing re¬ 
sumed. Work retreated from thf ends of the block to 
crosscuts M, which were kept open. Caved ore remaining 
between drifts D was recovered by driving and drawing a 
second set of drifts half-way between D\ caved ore between 
crosscuts was drawn last. The work of developing and caving blocks was done chiefly 
during the winter months, when Lake navigation is closed; much ore was drawn from 
caved blocks during the summer. 

Variations of Pewablc method differ mainly in details of undercutting the blocks and 
in the mode of isolating stopes. These features are indicated by practice in a large low- 

grade hematite deposit on the Menominee Range, as 
described by R. Meeks in 1907 (300). 

Main levels, 100 ft apart, were driven in the 
footwall. Ore was caved in blocks about 250 ft 
square by 100 ft high. The ore under a block was 
cut into pillars 30 ft square by drifts and crosscuts, 

7 ft wide by 8 ft high. A narrow overhand stope 
was carried to the level above along both foot and 
banging walls. Pillars were then removed in sfices 

8 ft wide, parallel to the strike. This work started 
in the pillars along the hanging wall and retreated 
to footwall; the back of each slice was allowed to 
cave before starting another. Caved ore was ex¬ 
tracted as at the Pewabic mine. 

This variation would be used where ore does 
not separate readily from the walls, or where the 
walls are irregular; more isolating stopes might be 
necessary at ends of blocks. Both open and shrink¬ 
age stopes have been used for isolating blocks; the 
former are preferred in the Lake Superior districts 
(286). This mode of undercutting blocks allows 
the use of timber for temporary support of ore too 
soft to stand when undercut, as in Fig 535. 

# 

Mowiy mine, Aris. Data from R. B. Brinsmade in 
1907 (153). Argentiferous lead carbonate ores occurred 
in irregular steep-dipping pipes or shoots, on a granite- 
limestone contact. The ore was mostly soft and crumbly, 
with much clay, FejOs and MnO^. Fig 537shows method 
of mining a shoot about 65 by ISO ft in horiz section. A 
vert shaft was sunk at each end of the shoot; at vert 
intervals of 150 ft, the shafts were noniiccted by drift* 
D, from which crosscuts C, 25 ft apart, were driven to 
the walls. A square-set stope (Art 45), 2 sets high, was 
then opened over the •■ntire area of the deposit. Top* 
of Ist-iloor sets were lagged, numerous chute-gates were built in the sill-floor sets, and the sides 
of the Ist-floor sets over the chutes were lagged with 2-in plank. The lugging over the chute-sete 
was then removed and the overlying ore caved into them. By drawing froni all chutes uni¬ 
formly, the ore was caused to settle vertically, and distortion of the sets was avoided; some sets 
always required reinforcement (Art 51). Bouldere which clogged chutes were blasted; occasional 
areas of siliceous ore, too hard to cave, were removed by carrying square-sets up to the soft ore above; 
80 % of the ore was caved. This is the simplest form of block-caving into chutes- It has a narrow 
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Fig 537. Blook-caving into Chutes, 
Mowry Mine (153) 



Fig 536. Extraction Drifts 




















10-344 


CAVING METHODS 


field of use, under rare conditions of ore occurrence. Mining is confined to one lift, though s neg 
loTel can be prepared while caving the ore over the level above. 

Tobin mine, Menominee Range, Mich. Data from F. C. Roberts in 1911 (208). A large, vein-like 
deposit of soft non-bessemer hematite was mined by block-caving into chutes, as shown diagram- 
matioally by Fig S38 (see also Art 43). Level interval, 125 ft. A main haulageway H was driven 

close to the hanging wall, and cross' 
cuts C were run 24 ft apart to the 
footwall under the block to be caved. 
A small ventilating drift D was driven 
along footwall. Chute-raises R (Art 
67) were put up from alternate sidm 
of crosscuts C at intervals of 15 ft to a 
sub-level, which was opened from them 
25 ft above the back of the main level. 
Sub-level development consisted of the 
drift Af, about 15 ft from the hanging 
wall, Uie crosscuts N, driven to foot- 
wall directly over crosscuts C, and a 
drift iS, along the footwall. Raises T 
were put up at 45° from M to the hang¬ 
ing wall, and opposite each crosscut; 
they caused the ore to cave along a 
plane passed through them, thereby 
leaving an added thickness of solid ore 
to protect the main haulageway H 
(crosh-scc YX). The tops of chute- 
raises were then connected hy drifts P, 
cutting the ore on the sub-level into 
pillars 10 by 16 ft, in strong ore, these 
_. pillars were cut m two by crosscuts L 

Fig 533 Block-raving into Chutes, Tobin Mine (vert sec VV). The ground at the 

ends of the block was weakened by 
raises E, from crosseuis ,V. Crosscuts P were driven 2.5 and .50 ft rcspecfnely above the sub¬ 
level. The number of raises E varied according to the ground. The lops of chute-raises were 
tunneled, and II umerovu* holes were then drilled m the pillars and blasted simultaneously, allowing 
block of ore above to drop. Thiongh the chute-rai.se gates caved ore was drawn at as uniform a 
rate as possible over whole area of the btock. Caved ore here contained but few boulders, which had 




VERT SEC W V 

Fig 539. Block-caving, Morcnci 


Fig 540. Stages of Work in Undercutting Sub- 
level Pillars, Morenci 


to be bleated in chutes. Pillars between sub- and main levels were caved with the block below. Up 
to 1912, the largest block caved was 100 by 2u0 ft in honz section. Very little timber was re>]uired. 
Main haulage-drifts were timbered with 3-piece sets; posts, 8 ft long and 12 to 15 in diam; caps, 
10 to 12 ft long and 12 or 13 in diam. In crosscuts, 8-ft posts and 5-ft caps of 10 to 12-in round timber 
were used (301), 
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^ Detroit Copper Co, Monam, Aric. (Part of Phelpa Dodge Corp, in which work wu suspended 
nbout 1923). Data from W. L. Tovote in 1910 (280), Developmbnt. Main haulageways and inter- 
mediate hand-tramming levels were opened as for top-slicing (Art 73). Two-compartment raises, 
put up to the capping from the highest intermediate level, were 4 by 6 or A by 7 ft in section, and 
were at the corners of 3U-ft squares or 25 by 30-ft rectangles. Sub-levels 5, Fig 530, were opened as 
needed, by driving drifts D and crosscuts V. The vert interval between sub-levels depended on the 
ease and regularity with which the ore broke; it varied from 20 to 3.5 ft. Cavinu began at one end of 
the orebody on the highest sub-level. Fig 540 shows the successive operations in any area. Drifts and 
crosscuts, driven through the pillars formed by sub-level development, subdivided each pillar into 
4 small ones P, the sides of which were cut away as much as was safe. Ore in the sub-level floor was 
blasted out around the raises to a funnel shape as at F, Fig .539. Numerous holes were drilled in pil¬ 
lars V, and 8 to 10-ft holes, 2 to 5 ft apart, in the backs of all drifts. Timbers were removed from the 
raises overlying a section of a sub-level thus prepared, and all holes fired simultaneously. Cavxd orb 


Was drawn through the original raises, and through inclined raises A, Fig 539, called “jigger-chutes'*; 
these were usually un timbered, 
and the round that broke a jig¬ 
ger-chute through to caved ore 
was arranged to Hare out its top. 

Home ore was shoveled on the 
sub-level to raises near the edge 
of the caved area. Drawing con¬ 
tinued until a chute ran mostly 
waste. Occasionally bouldera X 
blocked the chutes and had to 
be blasted. Gknerai#. Fig .5.30 
shows block-caving on a sub- 
level 25 to .30ft below the cap¬ 
ping. UaihPB T would liave been 
unnece-ssary if the contact be¬ 
tween oie and capping could 'm 
have been determined otherwise, ^ 
but they were useful in weaken- S 
ing the ore before caving. At E ^ 
times (2791 the top of an orebody 2 
WHS top-sliced (Art 73), until a W 
heavy timber mat had been 
established. To secuie the ad¬ 
vantage of a mat in separating 
ore from waste, a large area had PLAN (irsnilTling level dottsd) 

to be caved on a sub-lev cl bcfoie -150*-- 

any ore was diawn off and Waste or capping [ 

diawing was done uniformly A 

from all chute.s. Even then the ( t* 3 » 

mat sooner or later bioko up Vj "s 

and timbers fioni it often clogged 'C 'C 

the cliutes. *« . -M • 



Humboldt mine, Morenci, 
Ariz. (Part of Phelfw Dodge 
Cfirp: work euapeiided in 
1932). Data from M. Mosicr 
and J. Martin in 1925 (6(X)), 
and M. Mosier and G. Sher¬ 
man (99) in 1929. Ore is 
chalcocite in porphyry, carry- 


PLAN (Tramming level dotted) 
Waste or capping 






Timbered^ 



y///,v/////y 




K-50'--4*-50'-Trammi^ 


VERTICAL SECTION X-X 


ing about 1.9*,,)| Gu in area Fig .541. Block-caving,*ITuniboldt Mine, Morenci, Aria 

formerly mined by block-oav- 

ing; orebody, 2 0(K) ft long, with max width of GOO ft and vert range of 1 000 ft. Ore is 
highly fraetuied in all directions, with fracture planes 2-1 in apart and recenicnted 
with quartz and pyritc; fiacturing make.s ground suilablo for block-caving; permanent 
drifts and raises require timlx*ruig, but temporary workings usually stand well without 
timber. See Art 73 for rither methods formerly u.sod. Block caving in panels, 1.50 ft 
w’lde by 30-100 ft high, was used in upper 350 ft of the deposit (Pig 541). Hand- 
tramming drifts T were driv'en under the iianci on 40 or .50-ft centers; fiom them, at 20-ft 
intervals, raises sloping 3.3° (“tinilierod slides") w'cre put up. leaving a 10-fr. pillar of ore 
between tops of slices driven from adjacent drifts (Sec X X, Pig .541). For detail of slide 
timliering, see Bib (600). Next, •■Iirinkage stopes, at lea.st 6 ft wide, w'tre carried up on the 
ends and along sides of panel, except along boiindaries next to worked-out ground. These 
were rill-face stopes. extending ro aljoutS ft below top of block to lie caved; entry to them 
was from the ends of slope. Vnobrouttino retreate*! from one eml of the panel; drifts & 
were driven on lU-ft centers across backs of the slides; 8-ft holes were drilled in backs of 










10-346 


CAVING METHODS 


drifts S; the 5-ft pillars between drifts wore drilled; pillar and back holes in any section 
were fired simultaneously. Drawing. Practice was to draw so that the slope of the 
contact between broken ore and waste was about 60° (see Art 79 for detail). Block- 
caving INTO BBANCHEO CHUTES was Used later for lifts greater than 100 ft (Fig 542). 
Panels, 112 ft wide, extended 200-400 ft along the strike, each served by 2 haulage drifts 1), 
10 by 10 ft and 56 ft apart, running parallel with long axis of panel. From both sides of 
haulage drifts, chute raises, ft, 28 ft apart, were driven at 75° to intersect the grizxly level, 
60 ft above rail, at points 14 ft from center lines of haulage drifts. Grizzly drifts G, 4 by 
6 ft. were at right-angles to haulage drifts, directly over and connecting tops of raises ft. 
Grizzlies were symmetrically but unevenly spaced, certain pairs being 14 ft c-c, others 
21 ft c-c. Alternate chute raises were funncled lengthwise of grizzly drifts, to accom¬ 
modate 2 grizzlies 14 ft c-c, as at H. On opposite sides of each grizzly, 4 by O-ft drift 



Fig 542. Block-caving into Branched Chutes, Morenci, Ariz (vert sec) 


rounds were cut and, from these, small raises F, “finger raises," were driven to the under¬ 
cutting level, 20 ft above grizzlies; finger raises were driven at angles to provide draw 
points 14 ft apart lengthwise of panel and about 19 ft apart crosswise. Tops of finger 
raises were belled out and widened to permit large Ixiulders to be drawn well down toward 
grizzlies for convenience in breaking. Preceding undercutting, shrinkage slopes S, 6 ft 
wide, were carried up along vert boundaries of panels high enough to cut ore free from 
adjoining ground and guide the lino of shearing; extent of shrinkage sloping accorded with 
judgment of operating staff in each case. Undercutting drifts N (“dog holes”), 4 by 
6 ft, connected tops of finger i aises laterally and longit, forming a grid of drifts and leaving 
rectangular pillars about 10 by 14 ft. Final step of undercutting consisted of drilling 
and blasting pillars and backs of undercutting drifts. In opening a new panel, it was 


Table S3. Operating Data in Block-caving, Morenci, Ariz (a) Includes: (1) bound- 

-ary shrinkage stopes: (2) 

_ T«'.ia per man-shift « j -nj n undercutting; (3) be’Jing 

Tons - ■■■ - __ _ _ Powder Bd ft finger raises; (4) chute tap- 

Year mined a,per ton, timber ping; (5) slope repairs; but 

Stop ng atincpa^- Overall excludes all development. 

(") roll (6) All shifts on payroll, in- 

--eluding men on salaries, (c) 

1927 I IH359 40.35 lO.OO 9 07 0 24 0.23 Bhifts charged to mining, 

1924 1483 984 62 76 11.84 10 45 0 19 0 25 including all labor, as me- 

-chamoal, electrioal, carpen¬ 
ter, and other surface departments occupied on work chargeable to nuniag. 


Operating Data in Block-caving, Morenci, Ariz 



Tons 

T«'.ia per man-shift 

Powder 

Bd ft 

Year 

mined 

Sloping 

(«) 

Mine pay¬ 
roll 

Overall 

(c) 

per ton, 
lb 

timber 
per tun 

1927 

1 136 3 39 

40.35 

lO.OO 

9 07 

0 24 

0.23 

1928 

1 483 984 

62 76 

11.84 

in 45 

0 19 

0 25 
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necessary to undercut a length of 84-196 ft to start caving freely, even though the new 
panel mighN be against caved waste in a completed section. A distinctive feature of 


Morund practice was use of 16>in griszly 
openings instead of oustomary 10-12-in 
spacing; wider spadng was necessary 
because ore broke coarsely. Chute tap¬ 
pers vote safety belts as protection again^ 
falling through grizzlies. Blasting boul¬ 
ders at grizzlies and starting hung-up 
raises by blasting were done electrically 
for safety and to eliminate smoke from 
fuse. Chute-tapping effic was about 120 
tons per man-shift. During initial stages 
of drawing, angle of retreat was about 
60°; as stope extended, this angle was 
decreased to 50°, or to even less if weight 
did not interfere. Following rules were 
based on experience: (1) ore must be 
completely undercut; even small unbroken 
areas act as pillars causing excessive press 
at the grizzly level; (2) enough ground 
must be cut through in boundary shrink¬ 
age stopes to permit blocks to begin cav¬ 
ing without delay after undercutting, but 
not enough to cause entire collapse; (3) 
press on grizzly level is resisted best by 
leaving as much unbroken ground as 
possible around grizzly drifts; this is done 
by making these drifts small and reduc¬ 
ing number of finger raises to a minimum; 
spacing of finger raises is a compromise 
between requirements for good drawing, 
which prescribe close spacing, and need 
for controlling wt on development open¬ 
ings; (4) grizzly-bar spacing should be as 
wide as conditions of haulage and hoist¬ 
ing permit; chute-tapping labor is thus 
reduced and speed of drawing increased; 
(5) haulage raises should have enough 
storage capac to make ore-drawing and 
haulage independent of one another. 
Table 53 shows results for 1927 and 1928. 

Miami Copper Co, Ariz. Data from 
J, H. Hensloy, Jr, in 1623 (601), G. W. 
Young in 1926 (593), and F. W. McClon- 
nan in 1930 (283). Mineralization con¬ 
sists of complete or partial replacement 
of primary cupriferous pyritc by chalco- 
cite, usually occurring in seams and to a 
lesser extent disseminated through altered 
schist. Tenor is about 1% Cu. Orebody 
is a flat-lying massive deposit, with an 
area of about 50 acres and an aver thick¬ 
ness of about 200 ft, overlain by barren 
capping, 320 ft thick aver. GENKnan 
PLAN OF MINING. Early mining was by 
top-slicing, replaced later by shrinkage 
stoping with sub-level caving of pillars. 
Present method is block-caving. Caving 
practice at first involved undercutting 
and caving orebody across entire width 



(500-600 ft), starting at one end and 


retreating along length; drawing was planned to maintain plane of contact between 


broken ore and capping at angle of 40°-60° from horiz. This proved unsuccessful. 
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because excessive wt was thrown on extraction openings, causing heavy maintenance costs 
and interference with orderly drawing. Later practice was to cave and draw alternate 
panels 150 ft wide, across entire orebody; a little later, when waste rock which had settled 
into original panels had consolidated, pillar panels were caved and drawn back across 



orebody; this was satisfactory with existing moderate thickness of ore, but was modified 
to caving on smaller blocks where thickness of ore was 300 ft or more. Original blocks 
were 150 by 300 ft, hut experience indicated that blocks 150 by 150 ft gave best results, 
and this was made standard. Order of mining blocks is such that adjacent blocks are not 












10-^9 


10-350 


CAVING METHODS 


mined until waste fill along any boundary has consolidated for several months. Advan¬ 
tages claimed for block as against panel system in high lifts are: (1) min wt on extraction 
openings and hence min maintenance costs; (2) min dilution; (3) more working places, 
hence better standardisation and higher production; (4) less congestion and delays on 
haulage lev'ol. T>£VI!LOfmi)nt. Main entry is a 4-compt vert shaft sunk outside of ore- 







V’ ^ 

A 


<-Maln tiaiidtor raltie 






iranlapc 1 level 


Fig 540. ^ ert .••ion of ()re-trnn9fer liaise System, Miami Copper Co (283) 


body; 2 other shafts, bcyonl oppo'ite ends of ore area, serve for ventilation. Fig 543 
shows the shafts and .sparing of levels. Ideal plan i.s to drive main haulage levels 130 ft 
below horizon of undercutting, ’.tith grizzly level 100 ft above haulage level. Grizzly level 
serves also as main supply lev el and ordin. nly is connected to shaft. This procedure was 
modified aixivc 720-level (Fig .'>43) only ♦(> take advantage of existing workings. Fig 544 
show.s de'cloprneiit of 720-haulage level, in general, drifts are 150 ft c-c, timbered with 
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3-piece aets of 10 bsr lO-in, 6.25 ft o-c. Fig 545,546 show development above Haulage level. 
Sequence in preparing a stope 150 by 150 ft: Pony sets and ebutes P (Fig 546) are installed 
at 3 points over the haulage drift, the middle one directly under center of the block; the 
o^ers 50 ft on each aide. Six transfer raises B, inclined at 55° 20' above boria, are driven at 
right-angtra to haulage drift from both sides of the pony sets. At same time, 3 griaaly 
drifts O are driven at an elev 100 ft above and at right-angles to the haulage drifts, and vert 
over the transfer raises. Following the connection of the tops of transfer raises with griaaly 
drifts, grisalies are installed over the raises. To avoid a large opening at tops of branch 
raises, a one-round vert winae cut W is taken from the drift bottom at the point where the 
raise will break through and a long drill steel is left projecting from center of the winae as a 



Fig 547. Location and Orientation of Chute Set,•Miami Copper Co 


guide in making the connection. Grisalies are of 45-lb rails, placed crosswise of the drift 
and 12 in apart, supported on 10 by 10-in stringers. From the sides of each griasly, a 
3.5 by 3.5-ft raise 8 is driven at right-angles to the griasly drift, inclined at 42° for a dis¬ 
tance of 14 ft and thence vert for 10 ft (Fig 547). At the proper elevation, room is made 
for "chute set" T, which is carefully alined to assure proper spacing of the draw points 
above; chute sets are oriented at 45° with griasly seta. Four finger raises V, 4 ft diam, 
are driven from the chute openings, inclined to a point 8.85 ft horia from center of the set 
and thence vert to the undercutting level, 30 ft above the griaaly level. Drawholes are 
thus established 12.5 c-c over the entire horia area of the block (Fig 545). XJndeb- 
CUTTINO. Fig 548 shows procedure. Chute sets are numbered 1 to 36 and draw points 
lettered. ' Undercutting level is opened by driving 4 drifts E of small cross-sec, 
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parallel to grizzly drifts through every third line of drawpoints, 37.5 ft apart and equi¬ 
distant each side of the central grizzly drift. These drifts are connected along both ends 
by "fringe” drifts F. In conjunction with undercutting, a narrow, vert shrinkage stope 
O is carried up 2 or 3 rounds along one end-boundary line (fig 548) and usually advancing 



g^Maln niuK'n-ut 
G GS3 Border shrlnkaire stope 



^ ^ Composite Plan 

Fig 548. UndercuttiM und Grizzly Levels, Miami 
Copper Co 


along the sides and other end of 
the block as undercutting pro¬ 
gresses. To assist caving further 
and confine it to boundaries of the 
block, vert raises are driven at the 
4 corners, and “boundary caving” 
drifts U are driven completely 
around block at vert intervals of 
30-45 ft, depending on character 
of ground; bottom and back of 
drifts are usually drilled and blasted 
for added weakening. Undercut¬ 
ting begins by driving drifts J, 8 ft 
wide, at right-angles to the small 
"opening-up” drifts and directly 
over center-lines of grizzlies; it is 
completed by drilling and blasting 
the sides and backs of the drifts. 
Direction of retreat is diagonally 
across the block (big 548). Once 
started, undercutting proceeds as 
rapidly as possible. Toiis of finger 
raises arc funncled as undercutting 
progresses. ITiiless ore tends to 
pack, drawing is rarely siarted 
until stope is coniplotely undercut. 
Table 64 gives data of typical stopo 
preparation; Tabic 55, the devel¬ 
opment and preliminary stoping 
necessary uarh month to maintain 
production of 51!5 (K)0 tons per mo 
from tJio iiart of orelwdy served 
by 720-levcl. Tabic 66 gives 
other working data and costs per 
unit and per ton for 1925-1928. 
Ore drawing. Objectives are: (1) 
to draw max of ore tonnage with 
min of dilution; (2) to minimize wt 
on extraction ofKinings and thus 
reduce maintenance costs. Effort is 
made to maintain even, horiz plane 
of contact between ore and capping 
in individual stopes. As a guide, 
marker blocks are planted 25 ft 


apart in all boundary-caving drifts; the blocks are 12-in wooden cubes, marked wiih a 


Table 64. Developing and Undercutting Schedule and Progress Record of a Typical 

Stope, Miami Copper Co 



Trsaafor raises. 

Grisslydevel drifts. 

Gritzly raises. 

Chute seta. 

Fingor raises. 

Underoutting-level drifts 
IJndereutting-level drifts 


Sched¬ 

uled 

to 

start 

Started 

25 % 
com¬ 
plete 

50% 

com¬ 

plete 

75 % 
com¬ 
plete 

Com¬ 

plete 

1- 

4- 

5- 

6- 

7- 

8- 
10- 

1-29 
I -29 
1-29 
1-29 
1-29 
1-29 
1-29 

12- 2-20 
5-20-29 

5- 5-29 

6- 10-29 
9- 5-29 
8- 5-29 

10-14-29 

12-29-28 

4- 6-29 

5- 15-29 

6- 25-29 

7- 21-29 

8- 23-29 
10-25-29 

1-28-29 

4- 23-29 

5- 21-29 
7- 8-29 
7-29-29 
9- 8-29 

11- 4-29 

2-28-29 
5- 7-29 
5-29-29 

7- 25-29 

8- 8-29 

9- 22-29 
11-12-29 

5-15-29 

5- 25-29 

6- 9-29 
8- 5-29 
8-20-29 

10- 4-29 

11- 18-29 


Notx: Numbers iudieate data. 


Sched¬ 
uled to 
com¬ 
plete 

6- 1-29 
fr- 1-29 
e-15-29 
^ 1-29 
9- 1-29 
!0- 1-29 
11-15-29 
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Tfliile 69 , Derelopment cad Prelimiiuury Stoping p«r Monfli, Miami Copper Co) 


CXi*.8ain«unoN Umitb 

drifts, ft. 345.8 

Haulace-level chute sets. 3.5 

Transfer raises, ft. 1105.3 

Grissly^evel dWts, ft. 688.1 

Grissly-level raises and ebute sets, sets. 37.7 

Boundary caving drifts, ft... 2 292.6 

Boundary caving comer raises, ft. 299.3 

Finger raises. 150.6 

Undercutting-level drifts, ft. 897.4 

Undercutting-level drilling and blasting in, sq ft. 23 528.9 

Boundary caving drifts drilling and blasting in, sq ft. 2 292.6 

Boundary caving raises drilling and blasting in, raises. 7.6 


Table 56. DoTolopment and Preliminary Sloping Requirements and Costs for Orebody 
Served by 720-ft Haulage Level, Miami Copper Co. Expectancy, 39 968 411 Tons 



Aver est 
tons served 
per unit 

Cost per 
unit 1925-28 
incl 

Cost per aver 
eet ton in 
place, based 
on 1925-28 
costa 

Haulage level, per ft. 

1 518 

$19,950 

$0.01315 

Haulage-level chute aeta, per aet. 

148 031 

325.606 

0.00220 

Tranafw raiaea, per ft. 

475 

8.496 

0.01789 

Grizzly-level drifts, iier ft. 

763 

10.700 

0.01402 

Grizzly-level raises and chute sets, per set. 

13917 

336.701 

0.02419 

Boundary caving drifts, per ft. 

229 

7.033 

0.03071 

Boundary caving comer raises, per ft. 

1 754 

3.528 

0.00201 

Total development. 

Finger raises, per raise. 

3 486 

32. 789 

$0.10417(a) 
0.00941 

Undercutting-level drifts, per ft. 

585 

2.996 


Undercutting-level mining, per sq ft. 

22.3 

0.308 


Drilling and blasting bounduy caving drifts, per ft.. 

229 

1.119 

0.00489 

Drilling and bloating boundary, caving corner raisee, 
per raise.... 

68 439 

87.407 

0 00128 

Total stoping. 


$0. 03448(a) 


(a) Based on extraction of 12 710 378 tons from stopes completed to late 1929, equivalent to 
115.15% of tonnage estimated, the cost for development and stoping per ton of ore extracted would 
be reduced to 80.0905 and 80.0290 respectively. 


countersunk copper tag, whicb shows the original elev of the block and the number of the 
chute over which it was placed. The blocks are large enough to be caught on the grizzly and 
their arrival shows the position from which the accompanying ore has come; also that the 
stope is caving to its boundary. Stope engineers inspect stopes daily and issue drawing 
orders. Tapping crew (blaster and helper) usualb' draws 12-15 finger raises per shift, 
blasting 5-8 times and drawing about 400 tons. Chute blasting is by elec caps and hand 
batteries. General plan is to draw chutes in rotation, but variation in routine may be 
required by: appearance of capping in a given chute; necessity of repairs; need of relieving 
wt on timbers; requirements as to grade of ore; need 6f proper distribution for economic 
operation of trains on haulage level. Drawing continues until grade drops below economic 
limit. Care is taken in measuring and recording tonnage from each finger raise. Measure¬ 
ment is by count of oars on haulage level, but accuracy requires close coordination between 
tapping of finger raises and drawing of transfer raises. To maintain daily production of 
18 000 tons, 13 or 14 stopes must be in drawing stage, but production from stopes in initial 
or final stage of drawing is relatively small. Extraction. Table 52 gives tonnage, grade 
and copper extraction from 13 completed stopes; terms “best” and “poorest" refer to 
relative combined results. Cost data. Over 4-yr period, Oct 1,1925 to Sep 30,1929, aver 
tons produced per man-shift underground was about 27; timber consumed per ton, 1.045 
bd ft; explosive (40% gelatin), 0.2225 lb per ton; for drawing alone, 19.7 tons of ore were 
drawn per lb of powde.' used; power consumed in mining department was 1.9 kw-hr per ton 
of ore. Mining costs per ton during same period were: development, $0,100; stoping, 
$0,136; electric haulage, $0,053; hoisting, $0,033; ventilation, etc, $0,021; general under¬ 
ground, $0,011; engineering and sampling, $0,014; mine surface, $0,020; mine accident, 
$0,011; total, $0,399. 
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iMpirctiofi iniiM, itfic. Data from A. C. Stoddard (64^ and G. J. Young (665) in 
1926; revised in 1936 Co ofScials. Orebody ia a large, irregular deposit of low-gi^e 
copper ore in fractured acliist and granite. Ore minerals are chaloodte, aaurite, malachite, 
and chrysocolla, Uu-gely distributed along fracture planes, but occasionally disseminated 
through ground mass. Length of mineable ore was given in 1929 as about 8 000 ft; aver 
thickness, 200 ft. Thickness of capping varies from nil to 600 ft. Since beginning opera* 
tions all mining has been by caving. A method using a so-called “square-set control” 
was formerly employed (later practiced by Miami Copper Co). Procedure varied but 
following description of practice in 1919 illustrates general method. Ds^blofuxnt. 
Haulage drifts were on 100-ft centers; as at present, they were 7.5 ft high, 9 ft wide at rail 
and 7.5 ft wide at cap, inside of timbers. Pony sets with chute pockets on both sides were 
placed 25 ft apart; from them inclined raises were driven to floor of gri»ly level, 30-35 ft 
above. If untimbered, raises were from 3 by 3 ft to 5 by 7 ft; if timbered, 3 by 3 ft to 
4 by 4 ft inside cribbing. Grizzly drifts were parallel to and 25 ft on both sides of center 
line of haulage drift. When imtimbered, grizzly drifts were 4 by 6 ft to 5 by 7 ft; if 
timbered, sets had 7-ft posts and a cap to give 3.5-ft width at top. Grizzlies, of rails 
10 in apart, were placed over each raise. From each grizzly, 2 raises were driven, one in 
each direction at right-angles to the drift. For the first 18 ft, these raises sloped 40*’-42°; 
then turned vert to accommodate a 4-po8t square-set. From the square-set, 4 finger 
raises were driven to the undercutting level, 30 ft above the grizzly level, resulting in a 
spacing of one drawpoint for each 156 aq ft of area. UNDEBCtrmNO consisted of driving 
small drifts on 25-ft centers on undercutting level, with eventual drilling and blasting of 
intervening pillars. Above-described practice was often modified as to spacing of grizzly 
drifts and drawpoints; for example, in 1925, grizzly drifts were 42.5 ft o-c, each drawjioint 
controlling an area of about 133 sq ft. A disadvantage in the so-called “square-set” 
system of control was that men had to go above the level into the square-set to draw ore, 
making supervision of drawing difficult; also, maintenance costs were high. “Gbizzlt 
control” system was introduced to correct these faults and is still in use throughout the 
mine. Unit blocks are usually kept small, about 100 ft square, though some are 85 ft 
wide by 133 ft long, others 170 ft wide by 100 ft long. Spacing of the haulage drifts is a 
function of the distance from drifts to bottom of the ore; the less this distance the closer 
the spacing of haulage drifts. Length of block is determined by the area which, it is 
judg^, will cave readily. A block may have 1 or 2 haulage drifts beneath it, each serving 
an area of which the width is a multiple of 16-6 or 17 ft, where capping overlies the ore. 
Where there is no capping, and a block to be drawn reaches to surface, there is no fixed 
multiple. Pony sets and chutes are installed 25 or 33.3 ft apart along the haulage drifts. 
Each of these distances is a multiple of a mine-car length, and allows cars to be loaded 
from one or more chutes with one spotting of train; the smaller interval is used where 
careful control of drawing is necessary, the larger, where careful control is unnecessary. 
From the pony sets, and on both sides of a drift, inclined raises R (Fig 549, 5.50), with 
branches, reach to the grizzly-level drifts D. The latter are 35-70 ft above and at right- 
angles to haulage drifts, and spaced to correspond with the raise interval along them. 
Grizzly interval along the grizzly drift is 16.6 or 17 ft, sometimes 21.25 ft, depending on 
the care demanded in control. From opposite sides of each grizzly, raises iS are driven 
to a vert height of 18 ft above the grizzly level. At this elev, the tops of the raises are 
spaced at the grizzly interval in one direction; while at right-angles the spacing is alter¬ 
nately 14 ft and 11 ft, when the grizzly drifts are 25 ft c-c; increased proportion¬ 
ately when these drifts are farther apart. The lesser distance is always between the 
tops of the 2 lines of raises in the pillar between 2 grizzly drifts. Undercutting drifts 
T are driven at right-angles to the grizzly drifts and over the line of raises from them. 
Their spacing is therefore the same as that of the grizzlies, and the pillar between adjacent 
drifts is approx 5 ft narrower. Crosscuts F are driven as necessary. Undercutting is 
started from the comer of a block, if possible from a comer having unbroken sides, imd 
ia finished at whatever point may be safest. It is done as rapidly as iMssible, and is carried 
horiz in the plane of the undercutting drifts. Drawing is controlled at the grizzly level, 
the raises being drawn equally to bring the caved ore mass down evenly. During 1938, 
ore was mined at rate o' 21-86 tons per man-shift chargeable to mining. Timber consump¬ 
tion, 1.164 bd ft per ton; V)Owder, 0 128 lb per ton. 

ttMj nilne, Ariz. Data from R. W. Thomas (294) in 1929, confirmed by Company 
officials as substantially representing practice in 1938. Orebody is a disseminated-copper 
deposit in quartz-sericite schist; cbalcocite is the predominant ore mineral. Sha^ is 
irregular in plan and section; hsn^, about 7 000 ft; aver width, 1 600 ft; thickness, 40-400 
ft. Capping is 46-600 ft thick, aver about 250 ft. In caving, ore breaks coarser than at 
most mines using caring system. Timbering is required for idl permanent openings. 
Devblofhbnt comprises 2 vert ore-hoisting shafts, 2 inclined sh^ts for supplies and 
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wuto, aftd 1 Tiert shaft for mea. There are 4 main haulace levels, 150 ft iq>art, as made 
neoessaiy W shape and dip of orebody. Minino icbxbods. Ray mine ynm first in the 
Southwest to use latge-eoale caving. Recent practice is the result of evohition from 
origioal shiinkage-stope and pillar-caving (Art 86). Fig 561 shows block caving, as used 




Fig. 64B. Block Caving, Inspiration Mine, Aria. Max haulage-drift apaotng for highest ore horison 

where hdght of ore is 150 ft or more above haulage level. Panels, 200 ft wide, are 
developed by 4 motor-haulage dnfts D, 50 ft o-c. These drifts are 7 ft high by 7.5 ft 
wide, inside timbers. fVom each aide of them, chute raises R are driven 25 ft apart to 
grissly level, 40 ft above rail. The raises are inclined so that grisslies will be 25 ft apart, 
oroaswiae of pane), but staggered symmetrically as to those in adjacent drifts; they are 
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4 by 4 ft if untimbend. or 4 fay 4 ft inside cribbing if timbered. Grissly drifts Q 
(“lEterals”). 3.5 by 5 ft, Are run over center lines of diute-raises at right>angles to hsiulage 
drifts. Grizzly bars have 13-in openings. “Fringe" drifts connect the laterals aloag 
panel boundaries. The ends and sides of a stoping block are “cut off" by shrinkage 
stopea S, about 10 ft wide, which are carried to the capping or to a previously mined 
area above. These stopes, obviously unnecessary on sides adjoining mined-out sections, 
are usually mined in 2 lifts, the upper section being mined first and the shrinkage ore hand- 
trammed to transfer raises. Development for tmdercutting starts by driving “throat 
raises" T from each side of each grizzly, so that, on reaohiug a height of 7 ft above top of 



Fig 550. Block Caving, Inspiration Mine, Ariz. Min haulage-drift spacing for lowest ore horiton 

grizzly set, they are on 12.5 ft c-c lengthwise and crosswise of panel, but staggered us 
in Fig 551. From these points, 45” raise.s are driven parallel to grizzly laterals until con¬ 
nect^ with similar raises otarting from tops of adjacent throat raises. Ground between 
diverging raises and above throat raises is blasted down to give a flat-backed, saw-tooth 
slot H', 4 ft wide, across the entire block; the center line of each slot becomes the center 
line of a shrinkage stope. Alternate stopes are termed “undercut stopes" U and “pillar 
stopes" P; the former are carried to height of 40 ft aboi'e tops of grizzly sets; the latter, 
to 33 ft. Stopes U are.widened toward top, so that the final round, breaking a width of 
about 18 ft, completes the undercut between stopes U and P. Undercutting is carried 
on progressively from one end of block to the other, followed by drawing on a limited 
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Kale. Hus gradually removes support from under the main mass of ore and sets up 
cantilever action, causing ore to slough and break up. Uniform drawing starts after 
block is complete undorout. 

Roth mine, Nevada Consol Copper Corp. Ruth, Nev. Data kindly furnished by W. S. 
Larsh, Asst Gen Mgr, in 1938. Orebody of disseminated chalcocite and chaloopyrite in 
monsonite porphyry is oval in plan; major axis, 2 400 ft; minor axis, 1200 ft; aver 



Fig 551. Sublevel Undercut Caving Method, Ray Mine, Arif (294) 


thickness, 190 ft; aver dip 15°. Formations overlying orebody, some of them oxidised 
capping, are 110 to 1 000 ft thick. Ore and inclosing sedimentary rocks close to the 
contact are soft and heavy; some swelling ground. After trying several methods, a form 
of block-caving, known locally as "BaaNCH-RAiBE cavinq,” was adopted. Dbvclop- 
MBNT. Haulage drifts are driven below the orebody at such intervals that 50° inclined 
raises from them will reach bottom of orebody at an aver of 60 ft vert above the level 
floor (min distance, 40 ft; max, 80 ft), which has been found the most economical height. 
The raise systems are spaced 25 ft apart along the haulageways and run at right-angles 
to them. Branches from the main raise are designed to reach bottom of orebody at 12.5-ft 
intervals (Fig 552). To start a raise, pony seta P, Fig 553, 5 by 6 ft and 6.5 ft apart, are 
erected over the drift. From than the main legs of raises R, and the branches from them, 
are driven on a 50°-6d° incline. Near top of main raise and its branch», a curve brings 
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them to the vert when they are finished. Ruses have 2 by 3-lt manways uid 8 by 8.Mt 
chutes, with 4-in dividers; cribbed with 4 by 12-in or 6 by 12-in timber, with 
about a 2-in spacing. A square-set, 8 Fig 553, is erected at top of each branch and 2 
finger raises T, Fig 554, are put up from each square-set at right-angles to the plane of 
the main raise, their tops being spaced 12.5 ft c-c. Finger raises are 3.5 ft square inside 
6 by 12'iu cribbing. Flank gates are put in the square-sets; a grizsly O of old rail is laid 
with 10-in spacing in each square-set over the chute compt of each main raise; steel arc- 
gates are placed in the pony sets at the level. The plane or slightly warp^ surfaco 
connecting the tops of the fingers is the “draw” level, although no level exists there. 
Caving. Small drifts D (Fig 552, Sec B-B) arc driven over the tops of finger raises and 
connected by crosscuts over alternate branch raises; pillars are then blasted. Underout- 





Fig 552. Block-caving, Buth Mine, Ely, Nev (diagrammatic) 


ting is done in panels and enough area must be undercut to start the cave; after wh.'.ch, 
crosscuts are run to the cave, and the intervening pillars blasted. If the ground is too 
heavy to permit undercutting drifts, as much of the work as possible is done from tops of 
the finger raises. After the draw from the fingers is about half completed, board gates 
are put in the other 2 sides of the stiuaro-set, but no finger raises are driven. Drawing 
is done carefully; the "expectancy" of each draw set is charted and a model made showing 
the estimated i>osition of the capping. The amount to be drawn from each finger raise 
is determined by the engineering staff, which furnishes "draw sheets" to each shift. 
Drawing is calculated to keep the contact between broken ore and capping on a 
slope. Chute tappers r.nd draw bosses estimate the amount drawn from each finger; 
these estimates, reported to the stope engineer, are adjusted to balance against the number 
of motor-hauled cars drawn from main raises; adjusted figures are applied to charts and 
model daily. The ore drawn from each finger raise can not be measured precisely, but 
differences between estimates and actual number of cars loaded are not great and tend to 
compensate. The chute tappers become adept in making the estimates, being materially 
aided by the standard size of the raise cribbing. Extraction. Figures on about 
10 000 000 tons are about 87% of the copper and 104% of the tonnage. The draw levd 
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is placed at the bottom of the ore as nearly as possible, and the whole orobody taken in 
one Better results in extraction are obtained in drawing over a fairly laive area than 
in a high narrow orebody, as the ore has a better chance to cave. Drawing too rapidly 
causes chimneys (channels) to run through to the capping (always to be avoided). 

King mine, Quebec. Data from J. G. Ross and others of Co staff (250) in 1034 and 1936. 
Asbestos occurs in a largo mass of highly fractured serpentinised peridotite and also in unall 
veins or as fibrous development on slippage planes. Original mining was by open>cut 
(Art 96). First underground mining was by shrinkage, later replaced by sub-level stoping. 
Block-caving was finally and successfully adopted. There are 2 unusual features: (a) 



proximity of property boundaries, R Rs, and buildings requires avoidance of subsidence in 
the area surrounding the ground being mined; (ft) detrimental effect of wood fiber in final 
product precludes use in mine of wood in any form. Suteidenco problem is solved by 
mining in blocks (160 by 160 ft) rather than panels (see Miami Copper Co, above), and 
keeping subsided area filled with dry mill tailings, of which much had been accumulated 
nearby (Fig 656). Following methods avoid use of wood: (1) 6-in and 8-in H-beams are 
used for drift sets, with steel plate or old rails for lagging; (2) steel track-ties; (3) ore 
chutes and ladders are all-steel; (4) head blocks for drill columns arc of strips of rubber 
bolting clamped or riveted together; (5) wedges are of a composition of hard rubber 
and asbestos; (6) tamping sticks arc copper tubing with copper plug in one end; (7) 
picks and shovels have metal handles; (8) metal survey plugs; (9) workmen are supplied 
with lighters, no matches being allowed in the mine; (10) dynamite is transported into mine 
in waterproof canvas sacks. Development. Haulage drifts are on the 500-ft level. 
Each block, 160 by 160 ft, is served by 2 parallel 8 by 9-ft drifts, each 40 ft from center 
lino of block (Fig 556). Grissly level is 45 ft above haulage level; undercutting level, 20 
ft above grizzly. Grizzly drifts are parallel to haulage drifts, on 40-ft centers, spaced 
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synunetrically with haulage drifts. Grizzly drifts are lined with sets of 6-m H-beams, 
2.5 ft c-c, lagged with ^ap rails 1 ft apart. Whole structure is concreted flush with inside 
faces of posts and caps, leaving a section 6 ft high, 3.5 ft wide at bottom, and 2 ft at top. 
From each side of haulage drift 4 chute raises are driven 40 ft apart and inclined at 55”. 
At a point 20 ft from chute, each raise branches 2 ways, to cut grizzly drifts at 20-ft 
intervals. Thus, grizzlies are 20 ft c-o in direction of drifts.and 40 ft c-c at right-angles to 
drifts. Grizzlies are of 80-ib rails on 6^in steel H-beam sills, with 16-in slots 4 ft long across 




Fig 554. Details of Raise Timbering, Ruth Mine, 
Nev 


the grizzly drift. From each side of the 
32 grizzlies in a block, a raise is driven 
to a point 20 ft above grizzly level and 
10 ft from center line of grizzly drift. 
Thus, draw-points are 20 ft c~o in 2 
directions over entire area of block. 
At each of 4 comers of block, 6 by 6-ft 
vert raises are driven almost to sur¬ 
face. Boundary-caving or cut-off drifts, 
4 by 6 ft, are driven entirely around the 
block at 40-ft vort intervals. Before 
caving starts, the drift backs are drilled 
and blasted with 3 vert 7-ft holes 4 ft 
apart. Undercottinq level is opened 
by eight 7 by 7-ft drifts parallel to the 
grizzly drifts and above the draw raises; 
8 by 8-ft drifts are driven across the 
ends of these drifts, along the 2 opposite 



sides of the block at n‘',Iit-anglps to the grizzly drifts. Backs and walls of undercutting 
drifts are drilled with tan-shaped rings of 7'ft holes, 3 ft apart. Each underlying draw 
raise is drilled so that, on blasting;, it will be eup-shaped rather than conical; this permits 
large boulders to settle nearer fsrizzlics, where they are more readily drilled and blasted. 
Starting in a comer of the block, undercut drifts and underlying raises are blasted in areas 
40 by 40 ft, in diagonal r!:treat towar.l opposite comer. Drawing starts after finishing 
undercutting. Before caving starts, markers (numbered steel plates) are distributed at 
regular intervals in the fringe drifts. As these are recovered in drawing, the dates and 
poritions are recorded, to serve as a guide to determine how close to the proper limits the 
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caving action has reached. Caving follows fringe drifts closely, and back-filling keeps 
subsidence within anticipated limits. It is stated that it would seem practicable to cave 
from a depth of at least 600 ft within 20 ft of a property boundary without disturbing 
the area beyond it. provided backfilling is adequately supplied. 



Braden mine, Sewel'., Chile. Data from J. S. Webb and T. W. Skinner (289) in 1932; 
additional data from management in 1938. Large, irregular, crescent-shaped deposits, 
carrying chalcocite and chalcopyrite, occur in highly fractured sones in andesite, around 
a neck of volcanic tuff. Ore dips steeply; tuff contact forms hanging wall; footwadl is 
commercial limit of workable ore in andesite. Width of ore zone, 328-1968 ft; oxidised 
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capping extends 164-328 ft below surface. Devblopmbnt. Topography is steep and 
main entry to mine is by adit below operating levels, to which ore is delivered through 
ore passes for haulage to mill bins. Level interval was formerly 50 m (164 ft), but present 
development has 100-m (328>ft) lifts. Parallel drifts are driven on caving level 12 m 
(39.4 ft) apart. Gathering raises cut the bottoms of these drifts to provide dumps 30 m 
(98.4 ft) c-c (Fig 537). Haulage drifts are 10 by 10 ft; raises used as main and gathering 
ore passes are 6.5 by 6.5 ft; cavingdevel drifts, 9.5 H high by 7.5 ft wide. Stopino. 
Former use of shrinkage-stope and piUa^-ca^^ng (Art 87) has been replaced by block¬ 
caving. Blocks are 100 m high. General plan of retreat is from one end of orebody to 
other, undercutting extending from footwall to hanging. Shrinkage cut-off stopes are 
carried up along boundaries according to judgment of mine officials. UNOBBCunxNa. 



Caving-level drifts are timbered with heavily reinforced sets, 5 ft c-c; posts, 8 ft long; 
caps, 7 ft. On each side of these drifts, chute pockets are installed in alternate sets, chutes 
on one side being staggered with those on the other. Starting at one end of orebody, 
next to a cut-off (shrinkage) stope, undercutting proceeds toward ihe other end in imder- 
cutting units 6 m (19.68 ft) lengthwise by 12 m (39.36 ft) across the orebody (at right- 
angles to drifts). Fur it given unit, the stages of undercutting are shown in Fig 558. 
Along a 6-m section of drift a 6-ft. fan-shaped round is drilled and blasted (Fig 558, A). 
The ore thus broken is drawn out through the chutes, lea\'ing an open stope about 7 ft 
high above the drift timbers. Before the initial blast, a small manway raise M, from the 
next drift to center line of the intervening pillar, is driven on a slope of 48°, and at an 
angle of 8° 30' from the perpendicular to the drift, to meet a similar raise N, driven from 
the last chute in the undercut stope. This connection is completed before making the 
second widening blast in the undercut stope, thus providing safe entrance and exit. Three 




EXAMPLES OF BLOCK-CAVING PRACTICE 10-363 


more undercutting rounds are drilled and blasted successively (Fig 558, B, C, D). forming 
a small shrinkage stope. The ground usually shows signs of weakening after the third 
blast, but to assure safety to the miners, the back is stulled after each blast. The final 
blast breaks to the adjacent caved area. Before regular drawing is started, undercutting 
continues in adjacent drifts until sufficient area is weakened to produce a continuous 
caving action. An undercut crew conaists of 3 miners, who work on contract basis of 
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lineal meterage undercut. Stoper drills are used. On caWng level, ore is drawn into 
1-ton cars and trammed to tops of gathering raises. Each trammer is assigned a minimum 
of 10 chutes. With dumps 30 m (98.4 ft) c-c, max tram is 15 m (49.2 ft). Trammer 
receives daily orders as to number of cars to he drawn from each chute, and record of 
tonnage drawn is kept. Trammers are paid according to number of oars, with guarantee 
of base wage. Accurate count of cars is obtained by an automatic counter on each car. 
Trammer must load a full ton into car and dump it before the counter registers. Counters 
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550, Andes Copper Mining Co, Potrerilloe, Chile. Vert sec through central tn'ebody 
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on eaoh car are read at bogiimme and end of each shift, and at intervals durii^ 
the shift. 

Andes Copper Miidng Co (Anaconda Copper Co), Potrerillos, Chile. Data from I. L. 
Greninger, Asst Gen Mgr, in 1989. Copper minerals, chiefly chslcocite and chaloopyrite, 
are disseminated in porpl^ry, forming a large, massive orebody. Porphyry intrusion has 
left enclosing sediments tilted at 50*'-60°. Orebodies within intrusive generally have 
same dip as sedimentaries. DsvBiiOFUSNT. As topography is steep, entry is by adits; 
main a^t is at elev of 2 974 m (9 754 ft) and is 4 787.82 m (2.97 miles) long. Ore passes 
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Plan of Grizzly Level 




Vert Cross-Sec • 

Fig 560. Plans and Secs of Typical Block, Andes Copper Mining Co 

extend from main adit to 3 intermediate haulage levels at 3 032, 3 112, and 3 184 m. On 
each intermediate level, parallel haulage drifts are driven, 30-33 m c-c. Development 
above the haulage levels, to prepare for undercutting, is shown in Fig 559, which is a vert 
section through the central orebody. Fig 560 shows details of a typical block. This 
method was developed at the Inspiration mine, Aris. Fig 561 shows the raise system. 
Control in drawing is maintained at the grizzly, whereas in earlier practice at Andes (see 
E, Pig 559), "control sets” were placed between the grizzly and undercutting levels; the 
control set was a 4-post square-set, from which 4 finger raises were driven to the under* 
cutting level above; eaoh finger raise was controlled by a chute gate at the control set. 
For details see Bib (643). Hauiaoe sbivts are timbered with sets of 10 by 10-in Oregon 
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g Q,. Q j y Q.y....y, 

Vert Cross Sec Longit Sec 

Fi* 561. Detail of Main and Branch Raises, Block Caving, Andes Copper Mining Co (DimensionB in Meters) 
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pine, 8A ft wide at the cap, with 9-ft poets battered 1 in per ft. Grisely drifts, formerly 
lined with masonry (643), are now timbered as in I'ig 562. Main raises are lined with 
6 by l2*in criblwg ddn to skin, each piece protected by a 3 by 3 by s/g-in angle iron at 
its upper edge. Fig 560 shows undercutting details. Area to be undercut is divided 
by 6.25 by 6.25-m pillars, which are shot out successively, retreating from one comer of 
the block to tiie diag opposite comer. Blocks are now 50 by 60 m in horis sec. Obb 
nSAWiMQ is in accordance with written orders, a close check being kept on tonnage and 
grade drawn from each branch raise. Main raises are calibrated by successive filling and 
drawing off. A cheek is 
obtained by counting the 
oars drawn from each 
ohute. Data on tonnage 
drawn from branch raises 
are posted daily on office 
atope sheets, from which 
graphic charts are made, 
and copies carried by 
underground foremen and 
bosses. In 1939, for di* 
rect labor underground, 
production was 40-45 tons 
per man. 

Clisuz, Colo. Data 
from W. J. Coulter (303) 
in 1B29 and W. E. Romig 
(304) in 1B37. Molyb¬ 
denite occurs in dissemi¬ 
nated form; also in vein- 
lets along fracture planes 
in altered schist and 
granite. Ore area’ lies 
omioentrically around a 
large dome of silicified 
and sparsely mineralised 
granite. Wall limits are 
determined by assay val¬ 
ues; dips are steep; hoiis 
width of ore is 300-700 
ft. Former mining was by 
shrinkage-stope and pillar¬ 
caving; now by block¬ 
caving, with lifts of 400- 
600 ft. First practice in 
Uock-caving involved use 
of grisslies, 60 ft above 
haulage level, 50 ft c-c, 
both lengthwise and cross¬ 
wise of orebody, from 
which finger raises ex¬ 
tended to stope bottom. 

Difficulty in maintaining 
grizzly chambers, due to 
blockineas of ground, led 
to a novel system, in which 
scrapers eliminate need 
for grizzly levels. Dkvslopmbnt. Present (1937) vert interval between haulage levels 
is 465 ft, but 500-ft lifts are proposed for future. Level development comprises 
parallel haulage drifts, 11 ft high by 13 ft wide, and 200 ft c-c. At intervals of 75 ft, 
"slushing drifts’’ extend from both sides of and at right-angles to haulage drifts 
(Fig 563). At intersection with haulage drift, bottom of slushing drift is 8 ft above rail, 
or 1 ft above top of cars, thus allowing ore to be scraped directly into cars. Slushing 
drifts usually extend 100 ft on each side of haulage drift, and are driven on a -i-15% grade. 
At 50-ft intervals along these drifts, chute raises are driven as in Fig 563. Undercutting 
is done by slabbing the sides of the upper branches of these raises, pillars being left tem¬ 
porarily as requir^. Undercutting is completed by drilling and blasting simultaneously 
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a number of pillora. Thereafter, ore csvot by its own wt, and drops through the ohute 
raises to the slushing drifts, whence it is scraped into hoppers discharging directly into cars 
in haulage drift. Scraper hoists have double drums, and 150-hp motors; 72-in, hoe-t 3 ^ 
scrapers are manganese-steel; rope is li/g-in, plow-steel. Hoppers over haulage drifts 

(Fig 564) are of structural steel, 



34 ft long by 10 ft wide, with sidra 
3 ft high; bottom slopes up on 
15% grade from a 4 by 7-ft dis- 
chwge hole in center. A 24-in 
log is placed across sludiing drift 
at each end of hopper. Planks, 3 
by 12 in, are dapped into logs and 
extend to discharge hole; 60-lb 
rails, with heads up, are fastened 
to these pUmks and bent over the 
logs, ends of rails being set in con¬ 
crete. Scraper hoist is mounted 
on a frame which can be moved 


Plan 


from end to end of hopper, i>er- 
mitting scraping from ei^er branch 



Fig 563. Sluaber System Development, Climax, Colo 


of slushing drift. Advantages 
claimed for the “ slushing system ’* 
over *• grizsly system " are: (1) less 
development, hence lower cost and 
greater speed in bringing blocks 
into production; (2) less distance 
between undercutting level and 
haulage level, hence more ore de¬ 
veloped for a given lift; (3) greater 
flexibility; (4) better draw con¬ 


trol; (5) safer. Disadvantage is in less storage space between stope and cars. Accom- 


paning statement shov<rs com¬ 
parison of development and 
major equipment for each sys¬ 
tem for a block 600 by 400 ft 
horis area and 410 ft high. 
Results obtained in 1929 indi¬ 
cated a saving by slushing sys- 


Orittiy tyttem 

Haulage drifts, ft. 

Grizety drifts, ft. 

Grizzly entrieB, ft. 

Grizzly ehsmbers, ft. . 

Service rsisez, ft. 

Chute raises, ft. 


-tem of $0,027 per ton in opera- Xotal footage 
tiono and $0,044 per ton in Grizzlies. 


development; total, $0,071 per Chutes 


3 800 
3 000 
2 400 
2 400 
80 
6 760 
18 440 
96 
48 


Sluthing systsm 
Haulage drifts, ft. , . 2 050 

Slushing drifts, ft... 3 600 

Total footage. 5 650 

Loading platforms... 18 

Hoists. 18 


ton. 

Utah Copper Co, Bingham, Utah. A large, low-grade deposit of disseminated chal- 
cocite is mined by power shovels (Art 96). Caving was employed in the earlier develop¬ 
ment, to produce ore and break up the capping for the shovels without blasting. 

Rooms were opened; then the 
pillars were weakened until they 
caved, and the ore was handled 




Fig 564. Vert Cross-sec through Heulage Drift, showing 
Blusher Platform, Chinas, Colo 


in cars or barrows to the chu'.eB. 
This plan was modifled later by 
putting up raises to caved areas 
for drawing off ore. Finally a 
branched-raise caving method 
was developed. Fig 565 shows 
the development. Two main lev¬ 
els were opened from tunnels 200 
ft apart vertically. The ore on 
lowest or main haulage-level was 
cut up by drifts and crosscuts 
into pillars about 75 ft square. 
Main raises were inclined at 50° 


to 60°, each serving an area 70 
to 75 ft square. Sub-levels were at vertical intervals of 17 ft; later this was increased to 
25 ft and then to 33 ft, which was the largest at which cai'ing could be controlled. Numerous 
branch and sub-branch raises (not shown in Pig 565) were driven from main raises between 
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0 ubs. Tha ooUara of branch raises on subs were approx on corners of 15-ft squares. A 
block of ore was caved by enlarging the tops of all raises under it, and finally mining the 
remaining pillars; for further detail, see Bib (114, 190, 305). Loss of ore by mixing with 
capping was high. 



Fig 565. Utah Cupper Co. Croes-eeo through Part of Orebody 


81. SUMMARY. BLOCK-CAVING 

General. Block-caving, where applicable, gives a lower mining cost per ton than any 
other underground method. It requires relatively largo capital expenditure for prelimi¬ 
nary development, and is essentially for large-scale work. In its diilerent forms (Art 
79, 80), it is applicable to deposits of various shape and to ores of various strength, but 
has rigid requirements and limitations. In unsuitable deposits, or where carelessly con¬ 
ducted, the loss of ore may exceed that of any other method; aystematio work, careful 
supervision and good judgment are essential to success. 

Requirements, besides those common to all caving methods (Art 82), are; Suitabub 
OREBoniEB. For genera] applicability of method see Art 79. Orebodies must have 
enough horiz area to cave freely and without excessive dilution by waste rock from side 
walla. Large massive deiwsits meet these conditions. Vein-like deposits must be wide, 
and dip over 65°; ideal conditions are strong walls from which ore parts easily; isolating 
stopes may be used to free ore from walls if their cost is justified by ore tonnage so released. 
Block-caving may be used in flat beds if thick enough to warrant coat of development; 
usually minimum thickness is 70-80 ft. Block caving is not a selective method; as under- 
groimd sorting is not fca.'dble, a fairly uniform distribution of values in the orebody is 
necessary. Outlines of the orebody should be fairly regular; small extensions of ore into 
walla are not recovered and tongues of wall rock jutting into the ore can not be left unmined. 
Some dilution and loss of ore are inevitable in block-caving; their amounts affect the 
economic min and max grades of ore to which the method is applicable. Physical 
cuARACTBBisTics OF ORE which will break up under block-caving have not been exactly 
defined; some ore successfully mined by block-caving contains numerous small veinlets 
or other planes of weakness; behaviour of a given ore is detenninod by trial. Block¬ 
caving is adapted to moderately soft or moderately hard, but not to very soft or tough 
ores. Cappino must cave when underlying ore is dropped; wt of overburden is essential 
to aid in crushing the ore. The most favorable capping breaks into large pieces; soft, 
brittle capping decreases extraction by breaking fine and sifting into the ore, or by 
"channeling” through to the chutes, (tapping differing* in appearance from ore is desii'- 
able, for ready detection at chutes at end of drawing operations. 

Advantages of block-caving: (a) Safety, (b) Cheap mining, since but little drilling, 
blasting and timbering are done per ton of ore; amount of development is relatively nmall, 
(e) Production is centralized, allowing efficient supervision. After caving begins, a large 
and easily varied output is obtained from one level, (d) Natural ventilation is good, 
compared to that in other caving methods. 

Disadvantages of block-caving: (a) Preparing the blocks for caving requires time and 
large expense, (b) Cost of maintaining drifts in drawing area is high and this work inter¬ 
feres with production, (c) Variation in rate of production to meet changes in demand for 
product is difficult. Stoppage of drawing for a considerable time may result in complete 
loss of the development openings in the area involved, (d) Extraction is sometimes low, 
and there is constant danger of losing large amounts of ore. (e) Method is inflexible; 
once started, a change to another underground method is difficult. 

Choice between different forms of block-caving (Art 79). Dilution with waste ir 
least when surface between caved ore and capping is kept approx horis by even drawing 
from chutes. To accomplish this, the ore area must be divided into blocks, mined succes- 
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sively; maintenaoee of cob-levela under caving ground of large boria area ia difficult and 
costly, hence trend is toward use of smaller blocks where sub-level block-caving ia uaed. 
The Pewabic method is practically obsolete under modem conditions in the U S, due to 
necessity for driving and maintaining extraction openings throucd> the caved ore and for 
shoveling all the ore; block-caving into chutes has replaced it. 

Block-caving methods in which the surface between caved ore and capping is an 
inclined plane, and undercutting progresses either through panels or through entire length 
of urebody, minimize the sub-level area which must be maintained for a given daily pro¬ 
duction, but do so at expense of increased dilution (see "Drawing ore," Art 79). An 
attempt is made to strike an economic balance between the above factors as modified by 
sise and nature of orobody and the output desired. Experience at other properties guides 
initial work, but the final plan of a largo block-caving operation is generally the result 
of long experiment under the local conditions. 

Vertical vs inclined or branched chute-raises. Relative advantages of inclined chute- 
raises: (a) Easier to construct, and, if properly arranged, less apt to clog, (b) For given 
spacing they require less drifting and crosscutting on tramming-levels and subs where ore 
is undercut. Conversely, for a given first cost of lateral development, they may be spaced 
closer than vert chutes, which is essential for uniform drawing, (c) They are applicable 
in softer ground, since with vert chutes the ore must stand practically unsupported while 
tops of raises are funneled out and sides of sub-level pillars are cut away, (d) They collect 
ore as drawn at comparatively few points on the aub-levcl below the caved block. Griz¬ 
zlies may be installed at such pointe and large lumps spalled before entering the chutes 
to main haulageways. With vert raises, ore must to collected and trammed from many 
different points, (e) Gates can be operated in branch-raises a few feet below floor of the 
sub where the ore is undercut; hence, when drawing is finished, the capping ia drawn down 
only a short distance into the chutes. 

Block-caving into branched chutes is limited to orebodies of large horiz area; one dis¬ 
advantage is that branch and finger-raises are complicated and must be set by survey 
to come out at proper intervals on the undercutting floor. 

Block vs sub-level caving (Art 78). Relative advantages of block-caving; It is 
cheaper, gives larger daily output from a given area, requires less development per ton of 
ore, natural ventilation is better, and, by caving into chutes, shoveling is eliminated. 
SuMevel caving is possible in softer ore and smaller orebodies; caving is better con¬ 
trolled, and yields cleaner ore, with a higher percentage extraction. These factors may 
outweigh the advantages of block-caving. 


82. SUMMARY OF CAVING METHODS (See also Art 74, 78, 81) 


ping varying from glacial drift to firm rock; (c) 
Table 57.Comparison of Caving Methods 


General conditions leading to use of caving methods: (a) large-scale work; (b) ore- 
bodies of large horiz arcs, as wide veins, thick tods, or masses, usually overlain by a cap- 

ore which is weak or which, if hard, is 
thoroughly fractured; (d) deposits of 
cheap minerals or low-grade ore. in which 
loss of ore or contamination with waste 
is less serious than for high-grade ore 
(Table 57). 

Requirements for top-slicing, sub¬ 
level caving and block-caving are stated 
in Art 74, 78, and 81. Absolute require¬ 
ments common to all caving methods: 
(a) The overburden must cave and 
"follow down,” as the ore beneath is 
removed. A method requiring weight 
on top of the workings is useless unless 
that weight is obtainable from the 
overburden. The capping need not 
always cave to the surface, but it should 
cave sufficiently to protect the workings 
and furnish the necessary crushing force. 
Capping which hangs up and then drops 
suddenly over considerable areas is very 
dangerous; both the workings and tlie men may be destroyed. (5) Surface subsidence 
must not injure valuable property nor make underground work dangerous. This pre¬ 
cludes caving under structures which can not be moved to a safe place, or under streams 


From the atandpoint 

Uaual order of merit 

of 

1 

2 

3 

Cheap mining coeta. 

BC 

SC 

TS 

Clean mining. 

TS 

SC 

BC 

Percentage extraction... 

TS 

SC 

BC 

Cloee grading of ore. 

T.S 

SC 

BC 

Flexibility. 

TS 

sc 

BC 

Chance of loaing ore. 

TS 

sc 

BC 

% of ore won by caving.. 

BC 

SC 

TS 

Timber conaumption (a) 

BC 

sc 

TS 

Natural ventilation. 

BC 

sc 

TS 

Control of caving. 

Large output from giver 

TS 

sc 

BC 

area. 

BC 

sc 

TS 


BC •= Block-caving. SC — Sub-level caving. TS m 
Top-slicing, (a) Fire haaartl ^arie8 directly as tim¬ 
ber conaumption. 
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which can not be diverted, or under lakes, swamps, ecc, which can not be drained. Pres¬ 
ence of known orebodies, or of virgin ground likely to contain ore, prohibite caving in an 
underlying deposit. 

Orebodies specifically unsoited to caving (P. B. Scotland); (a) Those which are flat 
and thin, or small and high-grade, or very irregular in shape. (6) Deposits containing 
much waste which must be sorted underground, (c) Deposits containing mixed sulphide 
and oxide ores, or milling and smelting ores, which must be kept sei)arate for treatment. 

General comparison. Note, in addition to the summary in Table 57, that top-elicing 
is best adapted to very soft, heavy ores; sub-level and block-caving, to stronger ores. A 
weak, friable capping favors top-slicing; strong capping which breaks large favors blook- 
caving. Sub-level caving always occupies a position intermediate between toir-slicing and 
block-caving. Where a choice exists, it usually lies either Ixstween top-slicing and sub- 
level caving, or between sub-level and some form of block-caving; for detailed compari¬ 
sons, see Art 78, 81. 


COMBINED METHODS 


83. GENERAL 

Term "Combined method" designates hero a group of mining methods involving a 
concurrent and systematic use or combination of two or more of the methods described 
in Art 20-82. Such methods vary widely and are difficult to classify specifically. They 
are employed chiefly in mining large bodies of soft or hard ore; in general, they are for 
large-scale work and aim at a high extraction. The term does not apply to cases in which 
a minor portion of an orebody is mined by methods other than that applied to the major 
portion of the orebody, even though the use of 2 or more methods may bo systematic. 

Combinations used generally involve subdivision of the orebody into a series of alter¬ 
nating pillars and stopes; stopes are usually shrinkage stopes, with various methods for 
mining pillars (see Table 58). Combinations of shrinkage stopes and block-caving are 
also known as “Shrinkage Slope and Pillar-caving,” or more simply as “Pillai>caving.” 

Table 58. Combined Methods 


Mine 

Method of mining 

In stopes 

In pillars 


•Shrinkage 

■Shrinkage 

Shrinkage 

•Shrinkage 

Shrinkage 

Shrinkage 

Shrinkage 

Filled nil 
Square-eets (a) 
Shrinkage (a) 
Open aq-set 

Block-caving 
( Shrinkage stoping and i 
( sub-level caving j 

Block-caving 

Block-caving and top-slicing 
Bloek-caving 

Bloek-caving 

Block-caving 

Timbered stope 

Top-slicing 

Tbp-sliciiig 

Shrinkage, or cut-and-fill, or 
sq-aet 

Miami Copper Co, Ariz. 

Braden Copper Co, Chile. 

Duluth, Cauanea, hlex. 

Coronado, Ariz. 

Humboldt, Ariz. 

Bilver Dyke, Mont. 

MagiDA, Aris. 

Lorfeitto mine. 

N J Zinc Co. 

Golden Queen, Cal... 



For 
details 
see Art 


85 

86 

87 

87 

87 

87 

87 

87 

( 6 ) 

87 

87 


(a) With delayed filling, Art 67. (t) Not described here, see Bib (604). 


South African diamond mines use combined shrinkage sloping and suh-lcvel caving 
(.Art 88), differing entirely in principle from pillar-caving. Methods at (Jreighton snd 
Beatson mines. Art 68, may also be classed as shrinkage-stope and pillar-caving systems. 


84. PRACTICE AT BOSTON CONSOL MINE 

General. SHamxy.cB htopes and PiuLAa-CAviNu were used for about 5 years by 
Boston Consol Co, but were abandoned in 1914 after the property had been acquired by 
Utah Copper Co, which it adjoins. This <x>miiany extended its opencut (Art 96) into 
Boston ground and ceased underground mining there. Early method at Ray (Art 85) was 
developed directly from the Boston method; its evolution illustrates many essential iraints 
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in xnining large, low-grade orebodies by shrinkage stopes and pillar-caving. There are 
two variations, based wholly on differences in mode of handling ore: (a) HaKo-TBAU»XNO 
STSTEM, in which stopes are opened directly over the drift sets on the levels and ore is 
handled there in small cars to chutes connecting with a haulage level below; (b) bob- 
LBVSL or MOTOB-HAunacE SYSTEM, in which stoping begins from a sub-level above a motor- 
haulage level and ore is drawn down to latter through chute-raises; the sub-level is a 

stoping base only. Obeboot is 


CapplDcr 


CHpping 


g fg:-"-* • ^ • - ■ u -' . " ; low-grade, disseminated 

» copper deposit, in monzonite 

I j I j porphyry, overlain by leached 

I I I Is capping. It was opened by 2 

I I j j adit levels, 150 ft apart verti- 

% jg j I I ^ cally, the upper reaching a max 

I I i' , I i I I depth of 200 ft below capping 

I I i J ___ (114). Following data are by 

« I j -J i— _ L. A. Blacknor in 1915 (61). 

Hand-tramming system. In 

— •' —rml the early stages, the plan shown 

— in Fig 666 was tried. A drift 

I Cappinc I Center line of the stope 

■ ''’■"-'' ■J- Cjpping nearest the ore boundary wtis 

"■' ^ widened to 20 ft. From it was 

carried up a Arinkago stope, 
H 'a -vl *> • «■ S ^ U " J lZ?! access to which was through 

y "pole roads” (Art 88) at the 
SEC A A *sec**b'b^ alternate tramming drifts. 

TP!_ cAA o 1 nr- u A. -Cl oi, . At first, excess ore was shoveled 
Fig 566. Boston Mine, Hand-tramniing System; Chutes . j r ..l , •». , . 

at One Side of Stope “-t ♦I'® ®'^°® of the drifts; later, 

chute-gates were erected in each 
drift to eliminate slioveling. Disadvantages: (a) max output was limited to that which 
could be produced from one stope; (5) the broken ore in the stope drew down on one 
side, making it difficult for machinemen to work; (c) as cars had to be loaded at the end 
instead of the side, they slopped over, and much shoveling was required to clean the 
tracks; (d) the widening of the stope floor on the level wasted time and money, as the 
space so formed was filled with unrecoverable ore; (e) final extraction was low, as ore 
in rear of stope could not be re- 




a;-,si 


S J 

So' *.1 ^ jo ? 

a :.JS nM.. fi 
SEC A A 


IPole Bewd 


MUn Drllt — 
SEC SB 


Fig 566. 


Boston Mine, Hand-tramming System; Chutes 
at One Side of Stope 


covered. 

Fig 567 shows a later plan. Chute- 
gates, 30 ft apart on each side of the 
stope, made it possible to draw the 
swell of the broken ore more evenly, 
and to secure higher final extraction; 
also several stopes could be worked 
simultaneously. But, with the chute- 
gates so arranged, the miners had to 
work at times in the middle of the 
stope, where the back was continually 
sloughing off, and in starting a stope 
some ore had to be shoveled from the 
middle to the sides. Ventilation was 
poor, the prrle roads gave trouble, 
and the other disadvantages of the 
plan in Fig 566 persisted. Moreover, 
the large openings caused by placing 
the crosscuts from the tramming - 
drifts opposite each other weakened 
the bases of the pillars, making it 
difficult to maintain the {.ramming 
drifts. 
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Fig 567. Boston Mine, Hand-tramming System; Chutes 
ou Both Sides of Stope 


Fig 668 shows the final stage of the hand-tramming system, before underground 
mining ceased. The development work was halved by running tramming drifts in alter¬ 
nate pillars only; crosscuts were staggered, reducing the size of opening at their entrance 
to a minimum. Two chute sei-s were erected in each crosscut at the stofie center, to pnjvide 
gates under the stope instead of at the sides. The stope floors were above the level and 
conristed of a series of funnels apexing at the chutes. This important improvement 
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ti'ig 669. Bostoa Mine, Motor-haulage System 


cracked and the raises became unsafe. Manway drifts were good in hard ground, but in 
presence of seams and faults they caved; also the drifts and crosscuts on the level required 
much retimbering. The arrani^ment of chutes in Fig 568 required a tram uneconomically 
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long for hand work. The detail of caving pillars and drawing we waa not worked out; 
added drifts would have been needed on the levels to extract the pillar ore. 

Sub'levei or motor-haulage system (Fig 569). Stopes are at right-angles to the 
drifts on the motor level and are opened 30 ft alwve it by widening the stope drifts S, 
which connect the tops of the chute-raises; the latter are spaced 26 ft apart along center 
lines of stopes. The manway entrances to stopes gave trouble in this as in the hand- 
tramming Bj-stem. At first, raises were put up from the motor drifts 100 ft apart along 
center lines of alternate pillars, with break-throughs at 50-ft vert intervals. The pillars 
usually faulted or sloughed before the stopes reached the capping, and cut off these entries; 
Fig 560 shows the next plan tried. Bub-levels, 50 ft apart, were opened by driving man¬ 
way drifts through alternate pillars, then crosscuts to stope lines at 100-ft intervals along 
drifts, and a pole road up the stope wall from each crosscut. Manway raises, from motor 
level to Ist sub were located as in the plan of Sub 2, Fig 569; all subs were connected to 
a raise outside of orebody. This net>;«’ork of openings gave numerous entries to stopes, 
but were costly; where pillars cracked, the manway drifts had to be timbered and were 
expensive to maintain. The pole roads also were troublesome; ore produced in driving 
them could not be easily handled in Sub 2, and at times their walls broke wide, re<)uiring 
expensive blocking and timbering to keep them open. 


86. PRACTICE AT RAY MINE, ARIZ 

General. Present method at Ray is usually classified as block-caving (see Art 80), 
although some shrinkage stoping is still done in connection with caving operations. L. A. 
Blackner (61) in 1915 described former shrinkage-stope and pillar-caving, as below, indi¬ 
cating the stages of evolution to the present method. Successive changes have tended 
to increase the ratio between ore broken by caving and that by drilling and blasting. 
For data on orebody and development, see Art 80. 

Development. Two vert hoisting shafts were required for the large area mined by 
shrinkage stopes and pillar-caving. There are 3 main motor-haulage levels; drifts are 
heavily timbered, and are double-tracked near shafts to facilitate handling trains of cara 

Motor-haulage system. Early method. Attempts to use stopes and pillars of same 
size as at Boston mine (Fig 569) failed. To make the 30-ft pillars cave, longitudinal 
shrinkage stopes 8 or 10 ft wide had to be run through them. Even then, the 10-ft 
pillars remaining required at their base narrow pillar-stupes, 8 or 10 ft high, to make 
them crush, which was costly and unsystematic. Vert raises wore put up from the motor 
drifts to the sides of the stope, but the excess ore could not be drawn evenly. The sub- 
level arrangement of Fig 5(i9 furnished access to stopes. A later method involved 
radical changes. Stopes 15 ft wide were spaced on 25-ft centers, leaving 10-ft pillars. 
Qnly 2 sub-levels were driven; one 30 ft almve the motor level, and one usually 100 ft 
higher, near top of orebody. for a manway and ventilation. The sub-level manway drifts 
were at right-angles to the stope center lines, instead of along the pillars. Manways 
were provided in the pillars by raises fiom the lower to the upper sub-level at 100-ft 
interv'als along the stope. Operations comprise 8 stages: Stage 1: Drifting on motor 
level. A main, drift (M, Fig 570), 7 by 8 ft in the clear, is driven along one edge of the 
orebody. From M parallel motor drifts C, 50 ft apart, are turned off on 60-ft radius 
curves and run to a "fringe drift” F, near the opposite aide of the deposit. At some 
point outside the orebody, a 2-compt, cribbed raise R, the "permanent raise," is put up, 
and from it sub-levels are opened. Stage 2: Chute building on motor level. Witiiin 
the ore limits, drifts C are timbered with full sets, surmounted by pony-seta (Fig 572); 
angle braces and filler blocks are used in heavy ground. Chute-gates (Art 90) are built 
in the pony sets every 12.5 ft along the drifts, 2 gates being placed opposite each other in 
each set. Alternate pairs of gates ("slope chutes"), 25 ft apart, serve for drawing ore 
from stopes; the others ("pillar chutes"), halfway between the stope chutes, are for drasring 
pillar ore. Outside of the orebody, there are no pony sets in drifts C; the drift sets have 
12 by 14 caps and 10 by 13 collar braces. Stage 3: Manway drifts, stope drifts omd chute- 
raises. While driving drifts C, the 1st sub-level, 30 ft above, is opened. Manway drifts 
K, Fig 570, are 5 by 7 it and 100 ft apart; they are 12.5 ft to one side of corresponding 
drifts C below, for connecting with raises L (Sec AA, Fig 570). Stope drifts S are driven 
25 ft apart over the entire oreh’>dy, and are directly over the stope chutes on the motor 
level. Chute-raises about 6 ft diam are then put up frenn the stope chutes, on an incline 
for 10 ft and then vertically to the stope drffts. On the 2nd sub-level, manway drifts 
Af are driven directly over drifts K. Stage 4: Manway raises, belling out chute-raises, 
widening stope drifts, building manway sets. Manway raises are put up to drifts N at 
25-ft intervals along drifts K; as their centers are 7.5 ft from centers of stoDO drifts & 
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they are tnaeoted hy the stope wall; chain ladders are hung in these raises, 
obute-raises are funneled u-i« 5' 

while driving manway ' "* 

raises; this is done with 
Btope^lrills putting in up¬ 
pers. Stopes are started 
by drilling a line of holes 
slanting into the sides of 
the stope drift; these holes 
and those drilled in bell¬ 
ing the chute-raises widen 
the stope drift to 15 ft. 

Manway sets are erected 
in the drifts K, directly 
under the manway raises, 
as soon as the stope drifts 
are widened; the man¬ 
way 8^ consist of drift- 
sets, standing on 8 by 
8-in stringers projecting 
into the stopes; 3 by 3-ft 
cribbed manways are built 
up from these sets through 
the broken ore as the 
stopes advance. Stags 5 
connsts of mining the 
stopes to the capping. 

For mode of breaking 
ground, see Fig 174. The 
broken ore swells about 
33%, The cribbed man¬ 
ways are abandoned when 
the stope is halfway to the 
2nd sub, after which the 
miners pass through the 
manway raises. In hard 
ground, stopes are 15 to 
20 ft wide; in soft, slough¬ 
ing ore, 10 to 15 ft wide. 

Stags 6: Before drawing 


The tops of the 



Fi* 670. 


VERT SEC A A 

Ray Motor-haulage System Cshowing 5 stages of work) 


the stopes, the pillars are undermined by one of the following methods. Method 1 (Fig 573), 
used in hard ground where stopes are 15 to 20 ft wide, leaves narrow pillars MtsOy under- 



Fig 571. Say Motor-haalage System 


mined. Pillar raises, run from the pillar chutes (2nd stage), start in the pillar nearest 
fringe drift F (Fig 570). Alter oonnecting the raises along a pillar, they are widored, 
lined with deep holes and blasted. This is repeated in successive pillars, retreating 
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towardB znain drift M, Method 2 (Fig 573) u used in soft ground, where pillan are wide 
and stopes narrow. Drifts are driven along center lines of pillars, 22 ft above the motor 
level (Fig 571), and chute-raises are put up to than on flat inclines from the pillar chutes. 
Raises are funneled at the top and pillar drifts widened as desired. The backs of the 
drifts are then blasted with deep holes (Fig 573). Method 1 is cheaper and is used wbere- 

ever pillars are narrow 
enough to allow it. Stags 
7: Drawing ore (“reserve 
drawing’’). Generally the 
orebody and bapping are 
fractured, so that when 
the pillars in a stopcd 
area are caved and the 
ore drawn, the capping 
breaks to the surface along 
a nearly vert plane at the 
edge of tlie area. In areas 
where haulage drifts are 
to bo abandoned, the 
chutes near the fringe 
drift arc drawn faster than 
the others, so that the 
capping assumes a slight 
incline toward this drift; 
by the time the drifts take 
weight, all the ore beyond 
is drawn, wliich avoids 
expense for retinibering. 
Only a few cars of ore are 
drawn at a time, to induce 
LONGIT SEC gradual settling of the 

Fig 672. Ray Motor-haulage System, Drift Sets, Pony Bets, and cappmg, with minimum 

Chute-gates loss and dilution of ore. 

When drawing chutes, the 

motorman runs empty cars through the fringe drift into the back ends of drifts C, Fig 570, 
whence they are trammed to the chute. A chute blaster or loader loads the car, and 
one trammer pushes it toward the main drift while another spots an empty. All drifts 
have a 0.25% grade in favor of the load. When an 8- or 12-car train is loaded, a motor 
hauls it through the main drift, returning the empties to the back end of the motor drift. 
The highest efficiency results when only 2 trammers and 1 loader are used in a drift. In 
one case 6 trammers, 3 loaders, 2 machinemen (for blasting boulders in chutes), 1 mucker 
aiid 1 timberman (for repairing 
damage to chute-gates by blasting), 
working in 4 drifts, loaded an aver 
of 150 tons per 8-hr man-shift. A 
boss, a timberman on general repair 
work and a car checker are em¬ 
ployed in each reserve-drawing 
section. (See Hand-tramming sys¬ 
tem for further detail.) Stage 8: 

('one-drifting. After all chutes in 
a block are drawn to the capping, 
the ore below the sub-level in the 
pillars l)etween the motor drifts is 
recovered. Small, timbered "cone- 
drifts,” parallel to drifts C, are 
driven on the motor le%el in the 
enters of the pillars AA, Fig 570). Chutes are built opposite each other in every 
set along the drifts. A entail shrinkage stope directly over the drift is widened and carried 
to the sill floor of the 1st sub level. Ore is trammed to a winze at end of drift, and 
dumped to the motor level. W hen all the cone-drift chutes are drawn to the capping, 
the remaining pillars are rained by slicing. Thus, all ore above the motor-haulage floor is 
eventually recovered. 

Haad-traicining system (Hg 574,575). Development on tramming levels comprims 
parallel drifts D, 25 ft apart and connected with fringe drifts F, near edge of the ore 
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METHOD NO 2. PILLAR DRIFTS 

Fig 573, Ray Motor-haulage ''6th stage), Undermining 
Pillars 
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Drifts are timbered as in Fig 576, using angle braces only in heavy ground. Caps are 
lagged with 4 by 10-in plank; posts 

implBg Chatw 


with 2 by 8-in, placed as indicated. 

Stope chutes are 25 ft apart along 
tramming drifts. A permanent raise 
R is put up as in the motor-haulage 
system, and a sub-level opened 75 to 
100 ft above the tramming level. 

The sub-level consists of manway or 
ventilation drifts, 75 ft apart and 
directly over every 3rd tramming 
drift D; manway drifts are turned 
off from a drift overlying one of 
the drifts F. Vert raises, with chain 
ladders, are put up from D to the 
manway drifts, as in the plan. Fig 
574, and in Fig 575. S'roPKS, 15-18 
ft wide and 25 ft apart, run at right- 
angles to D, and are started from 
the stope chutes by driving inclined 
chute-raises, 2 sets (10 ft) wide, to 
meet raises from adjacent drifts and 
form hogbacks in stope floor (Fig 
574). Tops of these raises are 
widened and stope carried up as in 
motor-haulage system; 3 by 3-ft 
cribbed manways through broken 
ore directly under manway raises 
give access to stopes. U ndebmininq 
THE piUiARS (Fig 577). Pillar chutes 
are built in drifts D, Fig 574, be¬ 
tween the stope chutes. Raises in 
Fig 577 are driven from the pillar 
chutes, widened and blasted; re¬ 
maining ore in the block (about 80% 
of total) is then ready to bo drawn. 

Some ore packs in cones over the 
hogbacks between trainiuing drifts; 
iir the higher-grade ore it is recovered 
by cone-drifting, as in motor-haulage 
system; in low-grade ore, cones and 
hogbacks are caved with the lift 
below. Dumping chutes, connect- Fig 574. 

ing with a motor-haulage level, are 
built at ends of each drift D, Fig 574. 



PLAN, TRAMMING LEVEL 
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VERT SEC A A 
Bay Hand-tramming System 


Dbawino orb differs from drawing in the motor- 
haulage system, because the pillar 
over drifts D is too small to take 
the weight off them. This difliculty 
is met as follows: (a) If large blocks 
are’drawn evenly over their entire 
area, great pressure is brought ujmn 
the tramming drifts and timber re¬ 
pairs are excessive. Hence a “reced¬ 
ing method" of drawing is adopted. 
The 2 pillars farthest from the per¬ 
manent raise are caved first, and the 
chutes farthe.st from the permanent 
raise are drawn fastest. As soon as 
the first row of chutes runs capping, 
the next pillar is undermined and 
caved. Thus, no area greater than 
50 to 75 ft wide is crushing at one 
time. A steep slope is maintained 
between caved ore and wasce. (5) Rapid drawing is advisable, as it usually allows the 
ore from an undermined area to be recovered without timber repairs. To secure fast 
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Fig 575. Bay Iland-tramnung System 
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work and low costs, tlw number of trammers and muokera must be properly proportioned 
to the non-producers (timbermen and chute-blasters). There should be as many tram¬ 
mers as can work without interference. Chutes at each end of the tramming drifts facili- 
, . tate rapid handling; other chutes in 

the middle of each drift weaken thr 
drifts and make them crush. In cme 
section, with chutes &s in Fig 575, 
8 trammers handled 97 tons aver 
per 8 -hr shift, (c) Drawing opera¬ 
tions are systematized. Owing to 
the large number of chutes bring 
drawn at one time, a continuous 
record must he kept of each, to know 
constantly the tons remaining and 
the assay The car checker notifies 
the boss which chutes are ore and 
which waste, so that he can place 
advantageously and know 

XT vru n -TT j 4. • o * t* * a ^^cn to undermine the next pillar. 

Fig 576. Rsy.Hand-UammmB Jystem, Drift-sets and ^he boss is responsible for a steady 

output, the car chersker for the assay 
value of the ore drawn, id) Broken timbers in drift sets are repaired promptly, by 
rushing the work from each end of a damaged section; neglected repairs mean lost ore. 
Drifts never collapse suddenly, and those taking weight are generally detected in time 
to speed up the drawing and recover 

all the ore before they become im- Babes BhsMW 

paswble; this effects a large saving -^Sriies Connaeud 
in 'timber repairs. 

Modifications of Ray system, plr 

described by G. J. Young in 1926 ^ 7 ^ 

fnllnnr Hami> tramutvo 


lONorr SEC 




(593) follow. Hand tramming. lawl* 

Fig 578 shows procedure in soft ore. 577 . Hay Hand-tramming System, Uitdermining 
Layout of tramming drifts, sub- Pillars 

levels and raises is as in Fig 574. 

Shrinkage stopes S are put up tu the capping at intervals of 50 -75 ft. The block be¬ 
tween caved ground and nearest stope is undercut from raises 15 ft c-c along tramming 
drifts. These blocks are drilled with fan-shaped rounds aud blasted successively, start- 

\ii'/ I next to stope and working 

toward the cave. Drawing chutes 
L arc built in each set in the tram- 

^Drifts to main raise connect ming drifts. When a block is com- 

>ma,rcut. drawing 


^Drifts to main raise connect 
to shrinkage stope manways 
b for accem and ventilaUon^ 


‘shrink^ slopes;^ 






dfifti 2B* 

drift and om tnns- 
fanteknlsislevsl 

Fig 578. Modification oi Hay Hand-tramming System 
for Soft Ground. (Persiiective view) 


pietely unoercut, drawing retreats 
from the cave to next block. 
This plan lessens dilution by waste. 
I MoTOR-HAUiaAGR is also modified 

^ Btoc^ I in soft ground, to increase per- 

i centage of ore broken by caving, 

i Every 3rd shrinkage stope reaches 

the capping; intervening stopes 
are only 25 ft high, their backs 
lieing drilled with fan-shaped 
^^^^"^"**** ^ break tlie 10 -ft pillars 

between them. The pillars are 
also undermined on 1 st sub-level 
(Stage 6 above). Shrinkage stopes 
are also carried up on the sides 
of blocks thus mined, each block 
1-tramming System being cut loose from surrounding 
ive view) ore on aU 4 vert sides. 


oenten 


Sammary, The Ray Bystenvs have been used in both hard and soft ground. Large 
tonnages are produced per man; as stopes and pillars are mined systematically, the men 
soon become proficient. Timbw consumption is relatively small; the amount of raising 
and drifting compares favorably with that of other methods in similar orebodies. The 
systems are flexible as to output; practically any number of men may be used during active 
operations and a corresponding tonni^ pi^uced. 
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Motor fcjMilaco is opplioable only to orebodies of large area and of a height ezoeeding 
100 ft; otherwiae the ooet of driving and timbering the atope laterala and of equipping and 
tnaintnitiing the haulage levela ia not Justified, and hand tkammino ia more gnomical. 
Aovantaqb or motob baui<ao>: it is suited to large outputs, eapecially during reaenre 
drawing, when the output ia limited only by the efiiciency of the haulage and hoisting 
plants. Advantaobs or band tbaiomno in smaller and thinner orebodies: (a) lower 
initial development cost; (h) less timber required; (e) highor extraction, as chutes can be 
built in every set in both ^e original diifta and eone-diifte. Wiih motor haulage, tbe 
pillar between the sub and motor level is dangerously weakened if chute-raises are spaced 
too dose; (d) blocks of ore can be opened and production started sooner. Disadvaktaob 
or TBB SYSTEM is that a large amount of capital is tied up in the broken ore for a 
considerable time. This is a drawback of all shrinkage-etope and pillar-caving methods 
(compare with disadvantage d, Art 69). 

86. PRACTICE AT MIAMI COPPER MINE, ARIZ 

Orebody (Art SO). System described below was applied from 1910 to 1916, incl. to a 
block of relatively hard ground in the western end of the property containing 2 300 000 
tons. See Art 72, 80, for methods iised in other parts of orebody. 

General plan. Shrinkage stopes and pillar-caving were used; stopes, 60 ft wide and 
200 to 500 ft long; pillars, 60 ft wide. Originally the pillars were to be mined by sub- 
level stoping (Art 43), leaving broken ore in the stope, but it was difficult to drill “down" 




CBOSS-SEC THRO STOPES AND PILLARS 
Fig 570. Miami Method 

holes and a shrinkage-stoping and sub-level caving method, similar to that at Kimberley 
(Art 88), was finaUy adopted. Ore was drawn simultaneously from both shrinkage and 
pillar stopes, to make the capping settle evenly. This was caUed locafiy the Wide stope 
AND PiLDAB SYSTEM. Following data are from D. B. Scott in 1916 (154). 

D6T6iopi&6iit comprised a haulage level, a drawing-off level, the sub-levels for stopingr 
and raises for handling ore and for access to stopes (Fig 579). Added sub-level drifting 
was necessary to determine the boundaries of the orebody; its general outhne was found by 
churn drilling (Art 10-b). HArPAGE leved was 50 ft below the stopes. By drifting 
under the long axes of both stopes and pillars (Fig 580), trains of cars could be loaded 
along an entire stope without uncoupling; this allowed the rapid drawing of excera ore so 
desirable during stoping. Also with chutes 25 ft apart, this plan required a minimum 
amount of development. 10 by lO-in timber was used in haulage drifts, with 9-ft posts 
and 8-ft caps; sets, 6.25 ft apart (Fig 634, Art 90). Dbawing-ofp nEVBL a distinctive 
feature of this method, was 25 ft above the haulage level; it consisted of drifts parallel 
to those on riie haulage level, with a fringe drift at each end for entry rad ventilation 
(Fig 581). Drifts were on center lines of stopes to secure a symmetrical arrangement 
of raises for drawing ore (Fig 679). For convenience in putting up vert development 
raises in the pillars, the piUar drifts were 6 ft off the pillar axes; this arrangement was 
later modified so that symmetrical drawing raises were poa-dble also in the pillars. The 
drawing-off level drifts were timbered with 10 by 10-in sets 5 ft apart, using 8-rt posts 
and 7-ft caps. In some drifts, these sets were almost intact after nearly 2 years. 
ence showed that a min amount of lagging should be used on these sets, that it ijould 
light (2-in) rad spaced 2 or 3 in apart. (For timbering at chutes, see Fig 582, 5M). 
Raises. Chute-raises C, Fig 579 (“pocket ebutes"). were 25 ft apart. They were 5 ft 
square, each holding 15 tons; for cribbing, 8 by 8-in timber proved most economical, a 
representative group of chutes showing a cribbing life of 12 430 tons each. Gnsslies 
with 18-in sq openings were placed on the drawing-off level; they were set Bevwal inches 
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above the eollars of the raises, to permit easy working when the giiuliee blocked. In¬ 
clined raises R, Fig 579 (“stope raises”), were driven from the ^fts to the stope floors at 
points over the pocket-chutes. Originally, vert raises were run from the back of drift 

to center line of stope; they proved difficult 

W _ _ __I and awkward to draw. Stope raises (im- 

\\ ^ 8 S S S'fi ■S S 8'S 8- timbered) were 6 ft sq at the bottom and 

^ .a o-o b o-o- qJ funneled at the top. Development raises P. 

Yy H H 3 H H H S 5 

Yy 8 8 8-S 8 - 8 -8 8 8 g g 8 8 fr= i pillars. During pillar-mining, intermediate 

„ n r< r. tixi'titM raises reduced the interval to 25 ft. Raises 

^ ^Sl. 8 A 8 i^ 8 .-:S - E -a ^ 5 ^8 a - 8 S S 8 8 S 8=1 (not shown in Fig 579) similar to the stope 
tN C 01 -D * Tx raises were pot up under the pillars from the 

off Level. Directly over Fig 580 drawing-off level. In earlier work they were 

in the plane of the stope raises (Fig 581); 
later, in planes halfway between the latter (Fig 583), an arrangement probably more 
effective in drawing ore. ‘‘Pony raises,” largely used in drawing pillar ore, and located 
midway between the regular raises (Fig 581), were put up from ‘‘pony sets" (Fig 584). 

This allowed ore from pony raises to 
run on slides to the pocket chutes, and 
, , , doubled the number of openings into the 
t X13 z 410 floor of the pillar. The pony sets, of 12 


Fig 581. Miami Method, Part of Drawing- 
off Level, Directly over Fig 580 
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InoludiXkg all openings in stopes and pillars, 45 tons of ore were developed per ft of 
drift and crosscut, and 200 tons per ft of raise. 

Shrinkage atopea were started by fuimeling tlie raises to a top diam of 15 to 20 ft; their 
rims practically touched over the whole stope (Fig 583). hHinneling was done by uppers 
drilled from a set-up in the raise; down holes around the coUar were unsuccessfully tried. 
The sides of the stope (50 ft wide) were next squared up, and stubs between funnels 
blasted out. This excavation connected with the pillar crosscuts on the Ist sub-level, 
which served as entries to the stope. Fig 585 and 686 show steps in the mode of breaking 
ground. Drilling began along the stope sides, as in Fig 174, Art 28. The swell of broken 
ore was 39%; enough was drawn to keep a 6 to 8 -ft space under the back. Max height of 
stopes, 125 ft; in most cases, ore was brqken to the capping, completed stopes being left fulL 



Fig 685. Miami Method, Successive HorU Sec through Stope, 

Steps in Breaking Ground showing Drill Holes 


polar-mining began at the edge of the ore on the top sub, and progressed downward 
and along the pillar (Fig 587), to provide a safe exit and insure even settlement of capping 
(compare Kimberley method. Art 88 ). As pillars took weight when the capping over them 
was dislodged, they had to be mined quickly. Hence 3 or 4 sub-levels were attacked 
simultaneoudy, the working faces on adjacent subs being kept 100 ft apart. In mining 
pillars, crosscuts were driven halfw^ between the original ones, to furnish more drilling 
laces. After crosscutting was well advanced on the top sub, the end of the pillar was 
undercut by uppers drilled outward from the faces of the central drift and the end cross¬ 
cut. Enough hoveling was done for setting up drills on the broken ore, and long holes 
were put in the back. Usually, no ore was broken on the highest sub nearer than 10 ft 
to the capping. Similar working faces sloping about 45“ (Fig 587) were opened succes¬ 
sively at the end of the pillar in lower subs. Fig 588 shows routine of drilling in retreating 



Fig 587. Miami Method, Mining Fig 588i Miami Method, Drill Holee in 

Pillars Pillars 

along a sub. The first round from the drift and crosscuts,broke to about 12 ft above the 
sub; the 2 nd round, for which long bits could be used, increased this height to 20 ft. 
Holes were often drilled to the broken ore above, but the remaining 5-ft arch usually caved. 
Attempts were made to drill 5-ft holes in the floor of the sub, to assist subsequent caving 
of this arch, but the ground “raveled" so badly that the collars of those holes had to be 
cased with 3-in pipe to prevent fitchering. These holes broke poorly and wore given up. 
Excess ore was shoveled to raises P, Fig 579, and to intermediate raises in the pillars. 
Just before each raise was abandoned and covered by broken ore, lagged stulls were placed 
in it about 5 ft below the sqb-level. This is important in pillar-mining; if raises were not 
covered, the capping would “pipe” down through them and prevent proper breaking. 
As each raise was reached in mining on the next lower sub, a similar stull platform was 
built, and the stulls above were blasted out. Mining on the lowest sub, or sill-floor of 
the pillars, was subject to modifications imposed by the pony raises, which halved the 
distance between the regular 25'ft drawing raises. All raises were funneled in retreating 
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frckm the end of the piUar. Funnding ms not earned more than 2S ft ahead of pillar 
breaking, because it undercut the entire width of pillar. To protect drillers in case broken 
ore settb^ suddenly in the raise, machines for drilling the back were set on 10-in stringers 
across the funnels. 

Drawing broken ore systematically began <m completion of about 70% of all stope 
and pillar-mining; no drawing was permitted within 100 ft of any active mining. Draw¬ 
ing of a stope next to a pillar in process of being broken was tried, and caused the pillar 
to crush and sway. The weight on the drawing-off level during the drawing period varied 
gready at different points; at first, some ground was very heavy, with apparently no weight 
in other places. I^obaUe causes: (a) Comlnned height of capping and ore in northern 
part of section mined was 466 ft; in southern part, 360 ft. In the northern section, some 
drifts required complete retimbering; in the sout^m, only 20% needed repair, (b) In 
one small section, the pillars could not be broken from top to bottom; drawing-off drifts 
below unbroken blocks were alwa 3 rs heavy, probably due to unequal distribution of the 
weight. In a large area, where all conditions were good and the pillar breaking most 
Cfunplete, about 70% of the timber on the drawing-off level was BtUl standing after 8 years, 
(c) Weight on drawing-off drifts decreased after drawing on a large scale had progressed 
over a considerable area, in-obably due to a wide and even distribution of weight. 

PiUars between drawingoff drifts took little weight. The drawing-off level is advan¬ 
tageous in taldng pressure off the haulage level, sections of which were intact after 6 years, 
even beneath badly crushed drawing-level drifts. The max repair cost in any drawing-off 
drift did not exceed 10^ per ton of ore drawn on it; the aver was much lower. Drawing 
operations were conduct^ so that the surface between broken ore and capping dipped 
about W. Hence the final stages were reached first at western boundary and retreated 
eastward. Drawing was planned to cause even settlement of the capping. The ore ran 
most freely when drawn from a seriee of chutes in a plane at 90“ to the direction of retreat, 
or crosswiae instead of along a stope or pillar. In some stopes, the ore packed tightly in 
the chutes in the long time elapsing between stoping and drawing. To start such chutes, 
pony-set raises were sometimes put up from the drawing-off level halfway between the 
drawing raises. Inclined raises 15 ft long were driven on each side of the drift to broken 
ore on the stope floor. The tops of the raises were funneled just before they luvke into 
the stope; blasting of funneling rounds loosened the broken ore above and usually that in 
the adjacent drawing raises. This method had the disadvantage that the pony sets took 
weight and were expensive to maintain. To start the flow of ore in packed chutes without 
extra raises, the back of packed ore over the drawing raises was tempcwarily supported by 
heavy stuUs. Small drifts were then driven in solid ground, parallel to the long axis of 
the stope and about 15 ft almve the drawing-off level. These drifts connected a series of 
hung-up raises. Starting at the end of the drift, vert and horix holes were drilled across 
the stope; these blasted out the legs between the regular raises and left an arch of broken 
ore which always collapsed, bringing down the stope ore. No accidents occurred in work¬ 
ing under the packed ore. 

Cost of drawing ore. In 1 yr, the aver rate of drawing about 400 000 tons of ore into 
pocket chutes was 118 tons per man-shift; monthly averages, 94 to 142 tons. These 
figures include all labor directly employed in drawing. Under very favorable conditiona 
the tonnage per man for several shifts exceeded 200 tons. Aver cost of drawing this ore 
into the chutes was 3.7f! per ton, for labor and explosives. Where chutes hung up, the 
cost for short periods reached 15^ per ton. (Costa prior to 1916.) 

Extraction was 95% of the totri tonnage in a block of 1 700 000 tons. Detailed data 
showed the recovery from slopes was about 10% greater than from pillars; some pillar 
ore was undoubtedly drawn through the stope-chutes and nee^ersa. Extraction and 
ease of drawing improved with the hardness of the ore; soft ores were more apt to pack. 
In a few chutes where the oro was tightly packed, drawing removed a cylindrical mass of 
ore about 14 ft in diam, extending to the capping. This tendency of chutes to “ravel" to 
the capping without drawing from the sides is greatest in soft ores which are compressed by 
pressure; rav’ebng may contaminate large tonnages of ore with capping. These facts 
suggest that many raises per unit of area tend to a higher extiaction than fewer with 
large funneled mouths. 

Secondary recovery of ore. After finishing drawing, some broken ore remainod in 
wedges over the drifts and along boundaries of stopes and pillars. Ore above the drawing 
drifts was recovered by shooting down their backs, retreating from the ends of the drifts. 
In this work, the output per man-day averaged 40 tons. To recover ore along old pillar 
lines, intermediate drifts v/ere driven between the original drawing-off drifts. Chutc- 
and supply-raises at 20(bft intervals were put up to these drifts from crosscuts in the 
tramming level. The drifts were supported by 12 by 12-in sets, 4.16 ft apart. Chute- 
gates were built in each set. A shrinkage stope 20 ft wide was then carried above the drifts 



MISCELLANEOUS EXAMPLES OF PRACTICE 10-383 


until loose ground vaa met or caving occurred. The ore was trammed in small ears to 
the raises, ^ max tram being 100 ft. 

Undercut caving wkh hand-tramming later replaced above-described method; for 
details, see Bib (601). For more recent applications of block-caving, see Art 80. 


87. MISCELLANEOUS EXAMPLES OF PRACTICE 

Braden mine, Sewell, Chile. Data from J. S. Webb and T. W. Skinner (289) in 1932. 
For geol features and block-caving, see Art 80. Shrustkaoe-btope and piuar-cavinq, 
closely resembling Kay system (Art 85), was used prior to block-caving. Original stopes, 
normal to strike, were 7 m (22.95 ft) wide, separated by 10-m (32.8-ft) pillars, and were 



Vert Sec Parallel with Strike 


Fig 580. Original Development by Cromcuts, Braden Mine, Sewell, Chile 


carried to a vert height of 1(X) m (328~ft). As these pillars tended to arch and failed 
to cave properly, their thickness was reduced to 5 m, stope width being kept at 7 m. 
Caving of pillars still proving unsuccessful, their width was reduced to 3 m, and the stope 
width to 5 m, with satisfactory results. DevbU)phent. Stopes and pillars were orig¬ 
inally developed by crosscuts C (Fig 589), at intervals depending on stope and pillar 
dimensions. Each crosscut served 1 stope and the pillar in which the crosscut was driven. 



Vert sec A-B normal to strike 
Fig 500. Spacing of Drill Holes in Shrinkage Stops, Braden Mine, Sewell, Chile 


Difficulty in maintaining crosscuts during pillar-caving led to replacement of crosscuts 
by drifts D (Fig 590) on 8 or 12-m centers, direction of stopes and pillars remaining 
normal to strike. Shrinkage btopino. Access was by cribbed manways M at each 
end of stope. In shrinkage operations, miners worked in pairs, drilling per shift a section 
of back about 10 m long. Stoper-drill holes, 6 ft deep, were spaced 1-1.25 m apart longit. 
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and in aets of 4 (Fig 590), 2 out and 2 aide holea; 15-20 holes were drilled per maohine* 
shift, breaking an aver of 70 tons, of which about 26 tons could be drawn. Puxar 
OA vnia began by driving a 2 by 2-m sub-orosscut C (Fig 501) along center line of pillar 
just above the drift sets. Starting at the hanging wall, tJie tops and sides of sub-crosscuts 
were drilled and blasted in 6-in sections until the entire pillar base was weakened. Sub¬ 
sequent drawing caused complete breaking up of the pillar. 

Coronado mine, Clifton, Ariz (599); part of Phelps Dodge (^rp; work in this property 
stopped about 1923. Cu ore occurred in a steep fissure. Shrinkage stopes, with inter¬ 



vening pillars which wore caved and drawn with the stopc ore, were used in one area where 
ore was siliceous and quite hard. Pillars were 25 ft long; stopes 40-160 ft long; height of 
lift, 100-150 ft; width of vein, to 40 ft. Branched raises were put up from a haulage level 
to a drawing-off level 45 ft above; their tops were connected by timbered crosscuts, from 
which stopes were opened: access to stopes was by manway rtdses and breakthroughs in 
the pillars. Before drawing, the piliars were undercut and also cut free on top; pillar 
ore was drawn at same time as the stopes. Output, about 14.5 toixs per man-shift. 

Humboldt mine, Phelps Dodge Corp, Morenci, Ariz; operations suspended in 1932. 

Data from M. Mosier and J. Martin in 1925 (600). Orebody is large and carries about 
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2% Cu; ground harder than in most “porphyry” mines; Art 73, 80 give details and other 
methods lised. The tiipberedHBlide method (Art 80} was used above the 3S0-ft level to 
“base-level” the deposit there. Following method, locally called “Morenci block-caving,” 
used on lower levels, combined sbrinkage-stope with pillar-caving, somewhat like the Ray 
(Art 85) and the Inspiration (Art 80); where ore was weak enough, it was modified to 
‘straight block-caving into chutes (Art 79). Development. Levels comprised haulage 
drifts 56 ft apart. At Orat, branched raises sloping 60° (Fig 592) were put up from the 
drifts at 28-ft intervals to a grissly level 45 ft above; these proved too flat, and caused 



^ 56-->>.Electric 

haulage level 

CROSS SECTION 


Electric haulage leveW 


CROSS SECTION LONGITUDINAL SECTION 

Fig 592. Fillar-caving, Humboldt Mine, Arii (600) 

clogging. Later practice (Fig 593) was satisfactory in reducing total footage of raises 
40% and their cost 50%. Two grizzlies, of 50-lb rail with 10-in openings, were placed 
over each raise, with 2 finger raises from each grizzly to the undercutting level 20 ft above; 
this spaced the finger raises on the undercutting level on corners of 14'ft squares. Height 
of lift (Fig 592), 145 ft; later increased to 200 ft. Stopkb were in panels or blocks. First 
step was to put up, on sides of panel, boundary shrinkage stupes, 8 ft wide, to a height 
10 ft below top of block. Next, transverse shrinkage stopes, 18 ft wide and at least 70 
ft high, were driven successively, leaving 10-ft pillars. These stopes were opened from 
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Fig 593. Haulage-level Raises, showing 
Fingers and Grizzly Stationz, Humboldt Mine 
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Fig 594. Change from Shrinkage Stopes and 
Fillar-caving to Straight Block-caving, Hum¬ 
boldt Mine 


drifts and crosscuts connecting tops of finger raises. Access to stopes was by small pilot 
rBi.sea to the level above. Undebcutting. A pillar was undercut when stopes on both 
sides were completed. Drawing. Bee Art 79 for percent extraction and detail of practice 
in block-caving, which applies also here. Table 59 gives slope of contact between waste 
and ore in stopes during drawing. In drawing a stope with a high lift, a wedge of broken 
ore was left on sides of the block next to future stopes; slope of such wedges was steepened 
to 70°, to minimize amount of ore tied up; wedge was drawn with ore from the later stopes. 
Fig 694 shows modifications of stope and pillar widths to suit strength of ore; in softer 

ground, ore would cave if cut loose ky boundary stopes and undercut; method then be- 
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came itmight block-ogiing. In mioh oaMNi, horii undercutting was done by connecting 
tops of finger raises by drifts and occasional crosscuts, belling tops of finger raises, and 
shooting pillars simultaneously in areas 66 by 14 ft. OpsaaTma oaxA in Table 60. 
For further details see Bib (99, 600). 

Table S9. Slope of Contact Between Cared Ore and Waste During Drawing, 

Humboldt Mine, Ariz 


Slope of contact between caved ore 

Number Height Character Method Drawing and caved capping during 
of of of of time, drawing (a) 


stops lift, ft ore 


55 


A>38 70-100 H 

A-4# 55 (b) 

A-54 90 (</) 

4-34 140-200 (g) 


mining 




Slope given is the angle between a horis line and the contact at ineaaured from draw-charts 
(see Extraction, Art 79). (b) Harder than stope 1-48. (e) Not including 2 months, when drawing 

was stopped, (d) Stope heavy at times and shallow transverse shrinks^ stopes were run in front 
of undereuttinic area to relieve it (Art 79). (e) With flat undercut. (/) With shrinkage stopes and 

E illars as described above, (c) No weight had developed to time when data were published. H i- 
eavy. TS Morenci timbered-slide system (Art 80). MB ■■ Morend block-caving. MI 
Miami ca>ing (Art 80). 

Duluth mine, Cananea, Mex. Data from 
Table 60. Operating Data, Humboldt Mine, Ariz II- L. Herrick and M. J. Elsing in 1909-10 

(282, 284). Obcbooy (see Art 72) was about 
1 100 ft long; width, 60 to 100 ft, aver, 75 
ft; it dipped steeply and was overlain by 
40 to 150 ft of leached capping. The ore 
was hard and brittle; ore and capping 
broke well and stood over large openings. 
The mine u no longer active. Gbmbbai, 
plan. Top-slicing was used in the eastern 
part of the orebody, in lenses separated by 
porphyry horses (Art 72). In the western 
end, where there were no horsee and the ore 
was fairly uniform, a qombined method 
was employed (Fig 595). Open square-sets (Art 45) were used where possible above level No 1, as 
the ore near the capping was the richest in the mine Shrinkaox btopino and pillarcavino 
were employed in the larger blocks (Fig 596). On completing the square-set stope over the block, 
the timbers were removed and the stope 
left open. Drifts and crosscuts, 5 by 7 SaitMa 

ft, 45 ft apart, were driven on level No 
2 , underneath the block, dividing the 
ore into 4()-ft square pillars. Kaises R 
(chute and laddcrway), timbered with 
square-sets 2 sets high, were put up from 
drifts and crosscuts; one raise was car¬ 
ried to level No 1 for ventilation. From 
R, 16 ft above level No 2, a sub-level 
was opened by drifts and crosscuts di¬ 
rectly over those on the level. These 
openings, 10 to 15 ft wide, served ss 
floors fur shrir.kage stopes of the same 
width, carried up to level No 1. Chutes 
C, over raises R, were for entry and for 
handling the excess ore. Chutes were 
lined with 3-in plank set on edge, with 
ends beveled at 45°. These stopes out 
the block into 6 pillsrs P, 25 to % ft sq 
and 85 ft high, free at the lop and sup¬ 
ported on the sides by th c broken ore. 

The tope of raises R were funneled (Fig 
596) and the ore was drawn. The eh'.ite 
lining came down with the ore; end 
pieces and dividers and about Wf the 595 . Duluth Mine, Diagram of Sequence of Opera- 
Bide pieces were recovered. Piixar- tiona 

CAViNa. The ore often contained email 



Year 

Tone 

mined 

Timber, 
bdft 
per ton 

Powder, 

lb 

per ton 

Output, 
tons per 
man-shift 

1924 

125 743 

1.60 

0.54 

12.39 

1925(0) 

357 626 

0.81 

0.33 

21.80 

1927 

1 136 339 

0.23 

0.24 

40 35 

1928 

1 483 984 

0.25 

0. 19 

62 76 


(a) Eight months. 


I 


fractures, causing pillars P to break and fall into the stopes during drawing. If it were known 
that the pillars would not break, they were undercut before drawing. Drifte and crosscuts on 
the sub-level floor divided the base of the pillar into anaall units, which were blasted out before 
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drawing began. Broken iii&ar ore waa drawn through inclined raieea to the aub4evel floor from 
the openinga on level No 2. If a pillar had not been undercut and did not break down during 
drawing, a drift waa run below it on level No 2 
and raise S waa put up (Fig 596). The baae of 
pillar could then be bluted by bolea drilled from 
the raiae, or in drifts and croaacuts driven from 
it. Advantaqbb of shrinkage stoping and pillar- 
caving as practiced in Duluth mine: (a) it is 
cheap, because of the mode of breaking ground 
and of its small timber consumption; (b) ven¬ 
tilation is good; (c) it in safe if properly applied. 

Rbquibkmkntb for this application of shrinkage ^ 
stope and pillar-caving: (a) orebodies of large 
area; (b) orebodies with definite boundaiieB; (e) 
ore that will stand unsupported in the stops 
backs; (d) ore of fairly uniform grade, little sort¬ 
ing being possible underground; (e) ore which 
will not pack; (/} capping that will stand un¬ 
supported while mining the blocks. These re¬ 
quirements being evidently rigid, the method in 
this form has a limited application. 

Magma mine, Ariz. Data from W. C. 

Browning and F. W. Snow in 1925 (574) and 
from Snow (77) in 1929. Orobody is a steep¬ 
dipping fault-fissure, carrying in places 6% 

Cu, with some Au and Ag; width, to 45 ft. v. 

For some areas requiring close timbering, rill 
Btopes are used; in firmer ground, a com¬ 
bined method (Fig 597), which complies 
transverse fiUed-rill stopes, separated by pil¬ 
lars mined later by a modification of Mitchell 
slicing (Art 55). Stopes are usually 16 ft 
wide along the strike and separated by 14-ft 

pillars; but, in vein-widths of 19-15 ft, ® nw™* »- 

slopes are longit and distance l«tween pillars pjg ggg Duluth Mine, Pinar-caving in 
reaches 45 ft. Experience indicates that 16 Block No 2, Fig 505 

ft is max safe width of open stopes. I..cvel 

intervalB of KXl-SOO ft have been tried, but 200 ft has proved best. Level development 




HORIZ 8ECUV 


Gob logging and posts In rill stope 
V Ri'odr for fill and 

timber salvage 








S6C C*C 


Manway Extraction 


Sec A-A 


Sec B-B 



L Fig 507. Combined Method, Magma 
C Mine, Ariz 


comprises: drift D in footwall, with crosscuts to orebody about l.'U) ft apart; extraction 
drift h in ore along footwall; and crosscuts 30 ft c-c, on center lines of slope sections. 
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driven to hanging wall. SiU>fioor of stope ia cut by widenixig croascut to 8 ft on oaoh 
aide of center line and raiaing the back to height of 10-12 ft. Stringers, 10 by 10 in by 
16 ft long, are placed on aill'floor, parallel to strike, at S-ft centers, and covered with a 
double floor of 2-in plank. Square-set raise <S, started at footwali and carried up with 
stope, has 3 compts; outside acta are chutes, the center act a manway. Square-sets are 
also erected on the sill-floor along one side of stope; square-seta are lagged and held 
open as a crosscut; 8-ft posts are stood along other side and lagged, to retain waste 
when adjacent pillar is mined. After sill-floor timbering is placed, a small waste r^se T is 
started in hanging wall, btope is then carried up as a filled-riil stope, taking slices 7 ft 



Fig ^93. Silver Dyke Mine, Mont 



Fig 509. Silver Dyke Mine. 
Itock hintite of Double-pocket 
Chute and Bulldozing Chamber 


thick at a 35° angle. As the stope goes up, a "gob line" is established along each pillar 
by standing posts on those below and lagging them. Ends of posts are halved into each 
other; before a layer of filling i.^ run in, a strand of old cable is tied around each joint and 
to the joint between corresponding posts on opposite side of stope. Stope barks are 
arched to the hanging wall; when highest point of stope is about 3.5 ft aVxive sill-floor, raise 
T is holed through to level alx>ve; thereafter, waste filling comes from outside sources. 
I illed stpiare-scts are used to extract ore under the floor timlxjrs of filled slopes on level 


above. Piuabs akk uinko by modified 



Fig 600. Silver Dyke Mine, Diagrammatic 
Vert Secs 


After pillar is mined, the entire space is 
Pillar-stope crew includes 2 miners and : 
man-shift. 


Mitchell sli<dng (Art 55). Segment sets (Fig 
597, sec C--C; are placed at top of pillar, under 
the sill-floor timber of overlying stope, and 
lietwoen the posts set in the gob lines of ad¬ 
jacent filled slopes. Work starts at footwali 
and stope floor is kept sloping (Fig 697, sec 
B-11), so that ore will slide to the B(iuare-8et 
raises that were used for the slopes on each 
side of the pillar. Another line of segment 
sets is put in for safety, 50 ft below top of 
pillar; if necessary, a floor can be laid at this 
point and the space above filled with waste, 
filled and 75% of the stringers is recovered. 
I mucker; good crew will mine 16-25 tons per 


Silver Dyke mine, Neihart, Mont. Data from G. J. Young in 1927 (603). Ombodt is a mas¬ 
sive deposit of low-grade ('u, Pb and Zn ore, in altered quartz porphyry and gneiss; roughly elliptical 
in plan; max length, 600 ft: vodth, 400 ft; developed depth, 250-300 ft. Mine has been inactive 
for several years (1938). Osr'saai. pi.an of mining (Fig 598-600) was to undercut a block from 
inclined raises, after carrying ui- and drawing shrinkage stopee around the periphery. Slopes were 
widened by blasting of ohurn-dnll holes drilled from surface; eventually the whole block caved and 
was drdwn. Devepopuent. Mine was opened by adits. From the lower one drifts were run at 80-ft 
centers. Two drifts were connected b:, a loop (Fig 5981; others -were to he extended as needed. Vert 
chute-raises were at 25-ft intervals along drifts' chutes were either single or double, well timbered, 
and contained a small ore pocket under a grizzly for bulldozing. Fig 599 shows rock limits of a double 
chute. lBOi,xTiNa stopbs (Fig 598, 600). Frr m top of each chute raise, two 45° raises connected 
above the center of drift. Shrinkage slopes, 20 ft wide by 50-60 ft long, were put up from these raises 
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60 ft above eaob drift. Stopee were widened to 40 ft by blasting bottoms of the ohurn->drill holes 
drilled from surface as shown; ore was drawn after eaob blast. Narrow pillars between stopes were 
then broken by ohurn-drilling, leaving a horseshoe-shaped open stope isolating a central pillar P 
(Fig 698), about 60 ft thick. UmaBCtTniNa. Drift D (Fig 600) was driven about 40 ft above grissly 
level, and connected to each chute by inclined raise S. Undercutting started at inner eides of open 
stope, which were drilled and blasted from bottoms of raises R: work retreated upward to drift D. 
Complete undercutting produced condition shown in B, Fig 600. It was expected that caving would 
extend to surface, the resulting pit to be enlarged as an open-cut, if desired, by chum-drilling. Aver 
cost of mining for 8 moe in 1626 was 42^ per ton, including overhead, plus about 30^ per ton for devel¬ 
opment. Production, 700 tons per day. 

New Jersey Zinc Co, Franklin, N J. Data from C. M. Haight and B. F. Tillson in 
1917 (522) and R. B. Paul in 1938. Obbbooy is trough-shaped, of franklinite, willemite. 



A. Drift widened, bottom filled. B Sets on fill, footwall raises. C. Stope being carried up. D. 
Stope finished, 15 ft or more above level. K. Pulling stope, back taken up, levelers placed. B'. Stope 
finished, with props to hold sides. G. Stope being filled, with passage on lower level. H. Stope 
filled, sets erected, ready to take out timber. I. Fill behind sets, ready for mining. J. Stope going 

up to repeat cycle. 

Fig 601. Transverse Stope, N J Zine Co, Transverse Secs (522) 

zincite and caicite, in crystalline limestone; it has aides of unequal height and pitches at s 
gentle angle. The ore in the legs of trough is 12 to over 100 ft thick, compact and to^h, 
but not very hard (307, 98). General plan of mining. Entry is by a 15(X)-ft inclined 
hoisting shaft and 2 inclined service shafts. Level interval, 50 ft. In wide parts of 
deposit, a combination of shrinkage-sloping and top-slicing is employed; ore is tiigh- 
grade, hence the method is planned to give complete extraction. Shrinkage stopes, 
17—18 ft wide, are run from wall to wall, leaving 20-60-ft (aver, 35-ft) pillars. On com¬ 
pleting and drawing a 50-ft lift, stopes are filled with waste froir. surface, and lift above is 



SB CO E F 

A. Bottom filled, sets placed, raise carried up. B. Stope in progress. C. Stope finished. D. 
Drawing down stope, back timbered. K. Stope emptied, fill stitrtM. F. Fill finished, with sets 

ready for another lift. 

Fig 602. Transverse Stope, N J Zinc Co, Longit Secs 

started. Fig 601, 602 show mining and filling operations in transverse slopes; novel 
features are: (a) only one cutting-out stope is required, that is, at bottom of the deposit; 
before ore is drawn, stopes are carried from one level to a height 15-18 ft above next higher 
level; a timbered gangway is built on the fill to serve the lift above; (b) slope backs are 
timbered prior to drawing, for safety and to support a track on which waste fill is trcunmed 
into the stope. Mining of pillars is started from top downward, after the slopes at one 
end of oreb^y are completed. Fig 603 shows one method of mining pillars. Crosscut A 
is driven from wall to wall on center line of pillar; entrance raise R is put up in footwall; 
chute-raises S are vert except the one at footwall contact; they are 20-30 ft apart, and 
each has a chute C at its bottom; in wide pillars, 2 lines of raises are driven, as in Sec 
A~B (2) of Fig 603. Three 4 by 6-ft sub-level drifts D are driven in each 50-ft lift. In 
opening a slice, “center drift” E is advanced to hanging wall, at full height of slice 
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Narrow Pillars Wide Pillars 

Fig 603. Top-slicing Pillara, N J Zinc Co 



Fig 604. Prospecting Walls by Drill Holes in Mining 
“Slot,” Golden Queen Mine (310) 


Slicing to sides of pillar begins at hang* 
ing Vi’all. retreating to footwall; stope 
fill is breasted back with lagging. Ex¬ 
cept in long pillars, each slira is com¬ 
pleted before another begins. 

Golden Queen mine, Mojave, 
Cal. Data from C. E. Julihn and F. 
W. Horton (309) and C. A. Kumke 
(310) in 1937. Quartz vein, carrsdng 
$10-$12 ijcr ton in Au, is in felsite. 
Hanging wall, very hard and well 
defined, dips 50°-70®. Footwall is 
not well defined; its limits are detei'- 
mined by assays. Width of ore is 
10-40 ft. Vein is fractured, but can 
be mined by ordinary shrinkage where 
narrow; difficulties met in shrinkage 
mining, when ore widened unexpec¬ 
tedly, led to a novel method known 
locally as "slot” system, combining 
square-setting with slirinkage or out- 
and-fill methods. Dbvblopment. As 
topography is steep, entry is by adits 
at 200-ft vert intervals, with inter¬ 
mediate levels halfway between. 
Drifts are driven along footwall and 
sometimes also along hanging. Stup- 

ma. In tlie "slat” system, square-set 

stopes, 1 set wide and without fill, are 
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Fig 605. Method of Mining Pillara between Slots, and Tying Slot Timbers, Golden Queen Mine (310^ 


carried up from level to 
level, these slots being 
separated by pillars 25-35 
ft long. As the slots ad¬ 
vance upward, the foot- 
wall is explored by test 
holes to assure that foot- 
wall ore limit has been 
reached (Fig 604). When 
2 adjacent slots have been 
completed to level above, 
the intervening pillar is 
usually mined by shrink¬ 
age (Fig 605). If ground 
becomes bad, the shrink¬ 
age stope can be changed 
readily to horiz cut-and- 
fiU, by drawing out broken 
ore and filling with waste 
through adjoining slots. 
Then the slots are used 
also for chutes and man¬ 
ways for cut-and-fill oper¬ 
ations. To av'oid necessity 
for men to work under 
bad ground, scrapers dis¬ 
tribute the fill, hoists being 
placed within the square- 
sets. If, after changing tc. 
cut-and-fill, the back gives 
too much trouble, it is 
easy to change to straight 

square-setting. These 

methods have proved llex- 

X_24 



Fig 606. Square-eet Shrinkage Slopes with subsequent HlHog, 

Canton Hill Aliiie, Alrloncs, Culif (207) 
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ible and satisfactoiy. Outlining of ore limits in carrying up slots permits rapid mining of 
pillars without danger of having ore behind. Slots afford easy access for air and water 
lines, assure good ventilaUon, and serve as storage places for machines, drill steel and 
hose. 

Carson Hill mine, Calaveras Co, Cal. Data from J. A. Burgess (297) in 1937. A 
combination of shrinkage and squaro'Set stoping is applied where prompt support of 
walls is required and ordinary shrinkage stopes are not applicable. Gold-bearing quarts 
veins, dipping about 60° and having minable widths of 5-20 ft, occur in a belt of soft, 
talcy schist. Development is by drifts in ore at 75-ft vert intervals. Stopes, 1-4 sets 
wide, are mined in sections 4 sets (20 ft) long (Fig 606). Sets, of 8 to 10-in round timber, 
are 5 by 6.5 ft. Stope is kept full of broken ore until it reaches the level above; ore is 
then drawn out and replaced with waste, after which an adjacent 4-eet section is started. 
Use of short sections and small lift permits speedy completion of individual stopes and 
contributes to successful application of this variation of sqtiare-set mining by a “ block ” 
system (Art 46). 

88. PRACTICE AT D£ BEERS DIAMOND MINES, KIMBERLEY, 

SOUTH AFRICA 

(Contributed by L. J. Parkinson, Ass’t Gen Mgr, and H. T. Dickinson, Tech Dir, 1938.) 

General. Diamonds are disseminated in volcanic necks (pipes) of " kimberlite," 
a serpentine deriA’^ed from peridotite (307,262). The pipes are nearly vert, of circular or 
cllip cross-sec; diam of pipes in the 3 operating mines is approx 800 ft at depth of 1 000 ft 
and gradually diminishes with depth. The kimlierlite is brecciated; locally called 
“ blue ground ’’ or “ blue.” A typical geol section (Fig 607) of the (sountry rock in which 
the pipes occur is: surface debris 0-10 ft, dolerite 10-110 ft, shale 110-380 ft, Dwyka 
conglomerate 380-385 ft. Below the conglomerate is the " hard rock " contact, beneath 
which are melaphyre, quartzite, and granite. 

The Kimberley mine was allowed to flood in 1914, when the bottom level was at 3 650 ft. 
The De Beers mine has been idle since 1908, though pumping and maintenance work con¬ 
tinue. Wesselton, Bultfontein and Dutoitspan mines are now (1938) being exploited. 
All the pipes were mined as open-cuts (Art 95) to depths of 300-500 ft before underground 
work became necessary. Underground mining is a combination of shrinkage stoping 
(Art 67) and sub-level caving (Art 75); methods at the 3 operating mines are standardized. 
Work is now carried on at moderate depths, the depths, below surface, of top sublevels 
and bottom, or haulage, levels (1938) being, re.spcctively: Wesselton, 980 and 1 600 ft; 
Bultfontein, 960 and 1 600 ft; Dutoitspan, 670 and 1 350 ft. The solid blue ground is 
overlain by sev'eral hundred feet of loose or broken rock, composed of a mixture of shales 
and dolerite which has sloughed off the sides of the open pit, and blue ground which has 
been abandoned or lost in mining the upper levels. The method utilizes the Art of this 
overburden to cave approx half of the ground mined. 

Mine layout. Eacli mine is served by two 5-compt shafts in country rock, about 
1 000 ft from edge of the pipe. The mam hoisting shaft is downcast; 2 compts are for hoist¬ 
ing, 2 for men and material, and the fifth for scrA’icc lines and ladderway. The second 
shaft (not shown in Fig 607) is upenst, with an exhaust fan at the collar; it is used as an 
emergency exit. Two main 17 by 8-ft tunnels, GOO ft apart A'ert, run from the hoisting 
shaft to the pipe. The upper one A (Fig (K)7) is a traA'eling Avay, waiting place for shift, 
and for storage of material. The lower B is the haulage way, the deepest leA'cl of the 
mine. A 3-compt serA-ice shaft (“ prospect ") F is sunk in country rock just off the main 
tunnels and approx 100 ft from the pipe. From this, stations and connections T to the 
workings are 40 ft vert apart, to serve each sub-lcA'cl; this shaft is used for distribution 
of men, explosiA'cs and maiorial throughout the mine. Added communication is pro¬ 
vided between sub-levels by 2 or 3 sets of 32° " stepways ” O (Fig 608), in country rock 
on both sides of the mine. Six or more A'ert passes P (Fig 608), located around the rim 
of the pipe in country rock, 50-75 ft bark from the contact, connect the sub-levels to the 
haulage level; all ground broken is " tipped ” into them and drawn off on the haulage 
IcA'cl. A vert air shaft M (Fig 608) also connects the sub-levels to the haulage leA'^el. 
F*-osh air is draAvn down to the hauir.ge leA’cl and upcast through this shaft; regulators 
control vol of air taken by each sub. and the return air is upcast through the stepways to 
the upcast shaft bottom. 

Development. New work consists of deepening the hoisting shaft and “prospect" 
by 600-1 000 ft, depth A'arjdng inA'ersely us cross-sec of pipe. Shaft station and ore 
handling arrangements are then proA-ided at new lx>ttom level, and a haulage tunnel is 
driven fi-om the hoisting sliaft post " prospect " F through approx center line of pipe and 
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beyond. Ae the " prospect ’’ is sunk, stations are cut 200 ft apart and tunnels driven in 
country rook to the neiw vert “ tipping ’* passes. From these points of attack, passes are 
raised 150 ft and winzed 50 ft until holed. Closed “ tip doors ” (grizzlies) are installed 
at each tipping point, to limit size of lumps to 12-in diam. Subs are developed by first 
driving a single tunnel T (Fig 609-A) across the pipe from the " prospect,”^ at 0.76% 
up-grade. Simultaneously, 2 parallel crosscuts C are driven in " blue ” at right-angles 
to on a line approx 2/3 the distance across the pipe from the prospect. These are 
67.6 ft c-c and, by connecting “ splits ” S, 90 ft apart, ventilation is provided. Secondary 
development consists of cutting subs into blocks U which are multiples of 22.5 ft, usually 



67.5 by 90 ft (Fig 609 B and C). This work is done only as the advance of sloping requires 
it, since the blue groimd does not stand well and weathers rapidly on exposure. As 
stoping (chambering) advances, the blocks are finally reduced to 22.6 by 22.5-ft centers, 
as at F (Fig 609-C). Normal section of all " blue " tunnels and crosscuts is 7 by 4.5 ft. 
Crosscuts on each sub are offset one-half block (11.25 ft) from those of the sub next above, 
to provide for eventual undercutting of back pillars (Fig 610). In general, little timbering 
is required, as openings are narrow and only driven as required. Where ground is heavy, 
8 -pieoe sets of 10 -in round timber are used and lagged with old rails or 3 -in plank. If 
opening must stand a long time, b»tt ground is not heavy, 5 by 4-in lagged steel sets are 
to prevent sloughing. 

Stopisg. Approx 50% of the ground is broken in shrinkage stopes; the rest comes 
from back pillars which are caved. Stoping begins on each sub on side of mine opposite 
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prcMq)eot shaft. From the nearest oroseout, short drifts D (Fig 609-R) are put through to 
rim rook. A orossout E is driven along the line on whioh the stope is to advance. This is 
widened to 10-12 ft when raising of back begins. Raising is so done that a face lying 25° 
to the horis is developed (Fig 611), and extended until the top is holed through into loose 
ground left on level above. All holes are drilled diy and inclined 20° from the vert. The 
face is then advanced until it reaches rim rock at the opposite side. On completing the first 
stope out, 2 stopes are started on the next out, on opposite aides of the pipe and advanced 
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Fig 002C 


Fig 609. Flan of Sub-level^howing 
Steps in Development, De Deers 
Diamond Mine, Kimberley, So Africa 


until their bottom ends meet, usually near center line of the pipe. The remaining tri¬ 
angular-shaped block of ground Is then “ squared-up ” by shortening the face, and by a 
succession of horiz slices which advance the face upwards until a final round is drilled and 
the area holes into the level above. For this concluding stage of a cut, ventilation and 
access are provided by a poleway and " pass poleway," the latter being cut in solid ground 
(Fig 611, 612). Stope faces advance along ^e line of crosscuts and at right-angles to the 
original blue tunnel T (Fig 609-R). By a succession of cuts, the face gradually retreats 
along the line of the tunnel towards the prospect shaft. When the stoping line on any sub 
has advanced 600-600 ft, 4 stopes may be started on the one sub; 2 begin at opposite 
contacts and 2 in the center. The stoping line on each sub is 3 or 4 blocks (67.5 or 90 ft) 
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behind that of the sub above (Fig 610). Standard width of stoping blocks is 22.5 ft, of which 
a width of 8-12 ft, depniding on condition of hanging, is mined by shrinkage. The 
remainder's left as a “ back pillar,” which is recovered by caving when undercut later by 
a stope or chamber on next sub below (Fig 610). Blue grotmd from shrinkage stopes is re¬ 
moved as required to provide working room at Uie face, and amounts to 30-35 tons per stope- 

shift. Ground broken per stope-sbift, iiusluding back pillar 
caved, averages 150 tons. Usual access to stopes is from the 
bottom end; added access and escape ways are provided by 
"poleways” above every second drift, which also permit 
through ventilation and entry way for drill hose. Poleway con¬ 
sists of a notch cut in the solid in front side of a stope and 
covered with poles and old rails to prevent loose groimd from 
filling the cut. ''Vhen the top end or high-point of a stope has 
advanced beyond any drift, ah ground broken in the stope, plus 
that from caving of the back pillar above, is loaded out. Two 
natives hand-load in each sub at an aver of 15 tons per 
man-shift. Aver life of loading places, 40-45 shifts; added 
life is often obtained through ground from “other sources,” as 
groimd abandoned on higher levels or left behind from old 
mining methods. When waste rock appears, loading is stopped. 
The loaded ground is hand-tramm^ in 16-cu ft trucks to 
nearest tipping pass. On the aver, groimd hoisted is classified 




Vert Cross-Sec A-B 

Fig 610. Stoping in DeBer'-e Dtsmond Mine, Kimberley, So Africa. Showing back pUlan left in 
place, and method of undercutting them from next level below 


according to source, as: development, 3%; broken in stopes and back pillars, 75-80%; 
other sources, 22-17%, which includes some admixture of waste rock. 

Eight to 10 subs are worked simultaneously, to give the required 5 000 tons per 8-hr 
shift. Prom 1 to 4 stopes are worked on each sub, as a total of 24-26 ore required. Present 
Slope back is 40 ft, but 50-ft backs are being introduced. Extraction is difficult to deter¬ 
mine, but is estimated under present ^rstem to be above 90%. 
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Fig 611. System of Chambering, De Beers Diamond Mine, Kimberley, So Africa 
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Fig 612. Method of Completing Chamber, De Beers Diamond Mine, Kimberley, So Africa 
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Haulage. Each mine has an endless-rope haulage on the bottom level (Fig 608). 
Empty trucks from the shaft are hauled up a grade of 2-4% in tunnel B to the opposite 
side of the pipe. Enough elevation is thus gained to permit the trucks, when taken off 
the rope, to gravitate either right or left along rock tunnels K which encircle the pipe and 
lead past the loading chutes at bottom of the vert tipping passes. Here they are filled 
and gravitate to the hook-on point, whence a downgrade of 1.5% loads to the shaft. Side¬ 
tipping 20-cu ft trucks are run in trains of 5; rope speed, 3 miles per hr. At the shaft 
they are disengaged, automatically tipped and righted. There is no storage at the shaft, 
since that in the passes and full trucks is ample. The trucks discharge into 10-ton measur¬ 
ing pockets. The 10-ton skips are brought to rest on buffer beams just below the pocket, 
which discharges into the sldp by opening an air-operated door; 5 000 tons are hoisted 
per 8-hr shift. 

Mud rushes. The “ blue ” and most of the waste accumulating in the open-cuts 
disintegrate rapidly on exposure to air; water transforms it into a fluid mud, which 
works downward and eventually bursts into the mine. In early years this caused many 
fatalities and great expense for cleaning out workings. The water comes from the softer 
formations within 400 ft of the surface. P'ormcrly this seeped into the open-cut, but the 
prohl^ was solved by driving ring tunnels W (Fig 607) around the pipes just below the 
contact of the shale and melaphyre. A system of raises into the shale and drifts along it 
trap the water, which is pumped to the surface. 

Cost (1938) averages about 55ff per ton of “ blue," including development, mining, 
hoisting and tipping. Each mine does about 25 000 ft of development in “ blue,” and 
2 000 ft in country rock per annum, the cost of which is included in above cost. 


MISCELLANY, UNDERGROUND MINING 

89. MISCELLANEOUS METHODS 

Exploitation through boreholes is applicable to: soluble minerals, os salt; sulphur which con be 
melted by hot water, end some kaolin deposits which can be broken by, and taken into suspension in 
water. In Reneral, the method is used for impure deposits, or those overiain by treacherous cover, or 
where shaft sinking would be very difficult or costly; it gives low extraction, but permits exploita¬ 
tion of otherwise unworkable deposits of cheap minerals. 

Extracting salt through boreholes (311). In U S, salt deposits occur as: (a) beds of wide lateral 
extent, usually nearly horix and overlain (also frequently iuterstratified) by shale or gypsum, as in 
N Y, Mich, and Kan; (6) "domes" of almost pure salt, as on Gulf Coast and a few nearby interior 
points of La and I'ex; domes are from 0.5 to over 2 miles in diam and of unknown depth; their 
walls are nearly vert. Thick deposits under suitable cover, and where shafts ran be sunk, are usually 
mined by room-and-pillar metliods (Art 34, 42); otherwise, salt is extracted as an artificially pro¬ 
duced brine through boreholes; even in thick and mineable deposits, latter method is preferred by 
alkali producers, who must work with salt in solution. Methods of casing and sealing boreholes vary 
with geol and operating conditions. Fresh water may bo supplied (a) from water-bearing over- 
lying strata, nr (b) through pipes from surface. Brine is lifted by; (a) press applied to inflowing 
fresh water from surface; (b) air-lift; (c) deep-well pumjis (Sec 44). On starting a new well, fresh 
water is supplied, and a necessarily weak brine (often wasted) is extracted, at a rapid rate, to enlarge 
the walls of bottom cavity; thereafter, flow is retarded to yield nearly saturated brine (about 18.5% 
NaCl in N Y, 23% in Kan) to reduce subsequent cost of evaporation; as tbe cavity enlarges, rate 
of delivering saturated brine may be increas^, unless a blanket of insoluble impurities on tbe floor 
interferes with solution. GviiF Coast methods (Fig 613, 614), from W. M. Weigel (311). Wells 
of Morton Salt Co, Grand Saline, Tex (Fig 613), are about 26.5 ft to top of salt and 400-500 ft in 
total depth. Casing is eealed above an overlying water-bearing stratum, and brine is lifted by comp 
air through a 4-in pipe reaching nearly to bottom of well. Fig 614 is typical of the deeper wells on 
domes worked by alkali producers. Casing is sealed at top of salt, 67O-S50 ft below surface, and 
hole continued 600-1 000 ft downward into salt; fresh water is delivered through a pipe nearly to 
bottom of hole, at a press sufficient to lift brine to surface. Central N Y method. Salt is inter- 
stratified with shale, limestone, and gypsum, in a laminated formation (max thickneM, 470 ft) 
800-2 250 ft below surface. Starting with 10-in drive pipe to bedrock, a drill hole to bottom of 
salt is cased with 6-in pipe and sealed at a level below all sources of water. A 3-in pipe is lowered 
in the casing nearly to bottom. At start, water is pumped down the 3-in pipe, and weak brine rises; 
after about 6 weeks, direction oi ^.ow is reversed (Fig 615-A). As explained by K, N. Trump (308', 
by these means the cavity becomes funnel-shaped because (a) fresh water tends to float on brine, 
and (6) rate of solution is faster in wai.or than in brine. Ultimately, the floor of cavity flattens 
enough to retain a blanket of insoluble residue, and solution is then confined to edges. Caving 
usually occurs when a cavity reaches 150 ft diam; in a thin bed, this happens about twice a year 
(perhaps once a year in a thick bed), usually causing abandonment of the hole and drilling a new 
one. If the roof, usually shale, contains layers of sett, connections may open between adjacent 
cavities, after which air-lifting or pumping must be adopted. Michioan method (also that of 



MISCELLANEOUS METHODS 


10-399 


E«i) is like that at the deeper Gulf Coaat weUa (Fig 614}; water ia pumped ooatmuouely down the 
central pipe and brine rieec around it. In thia eaae. aa ahown in Fig 615-F, the cavity firat — f^mt a a 
barrel-[^pe, then approaohea a aphere, and finally attaina about the aame ahape aa in Fig C15-d. 
According to Trump (308) aaturated brine can not be recovered by thia prooedure in a thin bed, 
beoauae the freah water, being lighter and more mobile than brine, tenda to riee oloae alongside the 
central pipe and dilutea the brine issuing from the cavity; in a bed ISO ft thick or more, water 
has better opportunity to diffuse into the brine and asaiat the diaaoiving of salt. Tbuhp mutbod 
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Fig 613 Fig 014 

Salt Wells on CuU Coaat Domes (W. M. Weigel) 


(308) is designed to produce a cavity from which aaturated brine can be withdrawn with minimum 
delay (that ia, with least waste of weak brine) after conipietiifk the drill hole. As shown in Fig 
615-C, a bed is dissolved in circular, horiz alices, each about 10 ft thick, beginning with a 5-ft under¬ 
cut at bottom. At 'start, action is confined to perimeter of undercut by maintaining a pocket of 
comp air above the brine; an undercut 4 ft high can be extended to 300-ft diam in 12 mos, deliver¬ 
ing 175 gal brine per min. On reducing air press by about 5 lb {ter sq in, the level of brine rises 
about 10 ft and begins diaaoiving the next slice, the entire bottom area of which is now exposed to 
solution. To provide an equivalent area of apherical surface (that is, to yield same flow of brine 
of same density) would require dissolving of 13 times as much salt. 

Lauchizig copper ore in place. Recovery of “cement” (metallic) copper by precipi¬ 
tation on iron from waters containing CUSO 4 is an old practice in many regions, such 
waters usually being only those naturally met in underground workings, or surface water 
which has percolated thr-mgh mine dumps. Application of same principles by artificial 
distribution of water over ore broken, but still remaining in place, is practicable under 
certain favorable conditions, of which the most imiMrtant are: (a) presence of iron sul¬ 
phides (preferably pyrrhotite) in amotmt sufficient to pro'vide ferric sulphate as solvent 
for copper; (h) geol structure (such as an impervious footwall, Ohio Copper mine, below), 
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penoittine the eopper-bhsriiig water to be collected without excessive loss, or to be 
impounded without excessive cost to avoid interfering with mining at lower levek (as at 
Hay mine, below); (e) ore of such physical character that water can penetrate to the 
copper minerals without causing excessive disintegration or collapse of the ore fragments 
(a firm, siliceous ore mineralized along seams is most favorable); (d) adequate supply of 
water, and cheap scrap iron. Details of 2 successful operations follow. Onio COFPBit 
Co, Bingham, Utah. Orebody is a large tabular deposit of shattered quartzite and mon> 
zonite carrying disseminated chalcocite and pyrite and averaging about 0.88% Cu (302). 
Fig 616 shows the underground development in an unprofitable attempt to mine the ore 
by block-caving, which left in place about 38 000 000 tons of ore broken to aver size of 
4 in. Important feature of orebody is an impervious footwall, dipping about 55°. 
Entrance was by tunnel from surface, which avoided need of special pumps and water 
columns. In 1925, water was pumped and distributed over caved surface of orebody, 
about 1 400 by 600 ft, at 1 200-1 400 gal per min. After percolating throtigh the broken 
ore, it was caught at the Mascotte tuimel and allowed to flow through 2 wooden launders. 


Bcducing valve 

Alr^ .-ai r 0 



Fig 615. Three Types of Brine Wells. A. N Y Method for thin salt beds. B. Mich method for 

thick beds. C. Trump system 


one on each side of tunnel track. Launders were 32 by 32 in, and 1 600 ft long, at 0.5% 
grade, with sectional false bottoms, 17 in above floor, in form of wooden lattice with 
0.25-in sq opciungs, on which detinned iron scrap was distributed. Copper precipitate 
collecting tinderneath was removed at intervals of 6-30 days, shoveled into oars, trammed 
to surface, and shipped to smelter. Water entering launders carried (aver) 0.204% Cti; 
recovery in precipitate, 97%. Of total precipitate, about 8/4 averaged over 90% Cu, 
and ^/4 (that from lowest launders) ran over 70% Cu. In 32 mos (1922-1925) output 
was 17 000 000 lb of copper, at operating cost of 3.846fl, and smelting charge of 2A77^ 
per lb. Hay mines, of Kcnnecott Copper Corp, Ariz, began leaching in western portion 
of its orebody in Jan, 1937, and pruduce<i 10 201 364 lb of copper by that method during 
the following 17 mos (62.‘'L In this 10-acre area, the ore was unusually high in pyri'^e, 
and averaged alx>ut 1% C'!, above it was an unaltered zone 125 ft thick averaging 0.6% 
Cu surmounted by a leached zone 50 ft thick. Total copper recoverable by leaching in this 
area down to third level was ft.stima«od at 50 000 000 lb. Preparatory work underground 
included driving drainage drifts, nuiiding several concrete dams, and a concrete ditch 
(500 gal per min), with .siimp and pump station on third level, to prevent escape of water 
to lower workings in adjoiniag areas. C.''jppor-bearing water is pumped to surface by 2 
centrifugal pumps made of Duraloy, with combined capac of 500 gal per min, through 
8-in lead-lined pipe. Fresh water is piuiiped by 4-5tage ceutrifugal pump at 3^ gal per 
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min, and diatributed ovar sorfBoe of leaching area by pipe lines and aprinklera, which are 
shifted whenever copper content of recover^ water .drops to 0.4%. On returning the 
QHays to a previously treated area after an interval of about 2 mos, the percolated water 
resumes its normal content of nearly 1% Cu. Settlement of caved ground, apparently 
resulting from the leaching, interfered at times with maintenance of pipe lines and 
sprinklers; uniformly in distribution of water is essential to good extraction. Occasional 
Portage of fresh water will be met by utilising the discharge solution from the precipitation 
plant, after oxidising its ferrous sulphate to ferric, and eliminating the objectionable 
colloidal basic sulphates thereby produced. Precipitation plant, on surface, has 2 units, 
each of 5 cells, 10 ft-8 in wide by 40 ft long, with 8-in partitions down their midtHag , thus 
forming the equivalent of 
a launder 5 ft wide and 
400 ft long for each unit. 

Preferred form of scrap 
iron is coarsely shredded 
detinned cans, from San 
Francisco; this is charged 
twice a day, by crane and 
clamshell bucket, and rests 
on a wooden grill false 
bottom, openings ^/g by 
0.5 in. Accumulated pre¬ 
cipitate (10-12.5 tons per 
cell) is periodically washed 
through the grill (by-pas»- 
ing the flow meanwhile), 
and flows by gravity 
through tile pipes to 6 
draining cells; there it is 
handled twice, from cell 
to cell, by another crane 
and clamshell bucket, 
before loading into RR 
cars; the aver 22.8% 

moisture in the shipp^ VERT CROSS*SCC 

product could be reduced Pig 616. Development Work, Ohio Copper Co 

by added handling. Entire 

operation is conducted by a crane operator and 2 helpers, working day-shift only. Aver 
results to July 1, 1938: Cu in leach sol, 0.923%; Cu in tail sol, 0.0079%; indicated re¬ 
covery, 99.14%; ratio Fe consumed to Cu produced, 1.15; Cu in precipitate (dry), 
87.27%. All cells are of concrete; for structural details, see Bib (525). Pheu>8 Dodqb 
C oBP, Morenci, Aria, is now (1939) leaching caved areas over old workings by methods 
similar to those at Ray. 

Frasch process for sulphur. Sulphur occurs as disseminations and occasional pocket- 
masses in beds of porous limestone and gypsum, associatod with some salt domes on the 
Gulf Coast of La and Tex. Of 200 known domes (1935), 9 have produced sulphur com¬ 
mercially, operated by 4 companies, all using improved forms of the original Frasch 
process. The sulphur-bearing beds lie under 400-2 000 ft of imconsolidated or porous 
strata carrying large volumes of water impregnated u^jth HjS, which has defeated all 
attempts at shaft-rinking. Some deposits, lying imder marsh land or open water, have 
been developed by floating equipment. Some are capped by barren rock, and a bed of 
anhydrite is usually at bottom of the sulphur horizon. The process consists of ainking 
and casing drill holes to bottom of sulphur bed, introducing water at 320'’--335" F, and 
recovering molten sulphur by air-lift. Chief difficulty and expense are involv^ in 
securing, treating, heating, and distributing suitable water. Modem plants have central 
stations equipped to heat 5-10 million gal per day to 340° F, distributing it through 
insulated pipe lines to the several wells. Following data from W. A. Cunningham (312) in 
1935 refer to Freeport Sulphur Co’s operations at Hoskins Mound, Tex, begun in 1925 
and recently enlarged. 

Water-heating boiler plant of 12 units develops 16 000-18 000 bhp. Fuel is natural gas, but oil 
can be substituted in 5 min (unfailing supply of hot water is essential to operations once begun). Of 
7 600 000 gal water required daily (from eurfaee reservoir and deep w«^), 2 750 000 gal go into bail¬ 
ers and 4 750 000 are heated indirectly for distribution to sulphur wells. Boiler feed-water is softened 
by lime-soda-aodium aluminate method, settled for 3 days, and filtered; it is then preheat^ in 
2 stages: first in ezehangers supplied with "bleeder water” (see below) at 180°-200° F; next by 
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exhftiMt steam from ensinw and pumpe. Mine water for the aulphur welb ia treated cold with aoda> 
lime (also FeSOi, if neneaaary), aedin^ted for 3 days, but not filtered. It ia heated in 3 stagea: first 
to about' 135* F by direot ooataot with flue-gaa, next to about 212* F by exhauat ateam and boiler 
blow-oif (amounting to 25-30% of boiler feed), finally to 325*-S40* by direot contact with live steam. 
It ia then distributed to walla through insulated 10*in pipe lines. Beaides 63 pumps and various 
power generatora, the plant inoludea 3 low-press and 5 hij^-preas oompreaaors, with combined oapae 
of 4 500 cu ft free air per min to 1 (KXVlb press, to supply air-lifts at wells. Will opbbatiok. A 10-in 
easing is sunk through unoonaolidat^ matmial (1000-1 OCX) ft at HoskinB) and seated with cement 
in the cap rook over the sulphur horiaon (Fig 617). Hole for 8-in casing ia continued downward with 

standard rotary oil-well drill to bottom of aulidiur 
and into underlying anhydrite. The 6>in casing, its 
lower 35 ft perforated, is seated and cemented a(, 
bottom of hole. A 4-in pipe rests on a flange wdded 
to inside of the 8-in pipe just above its bottom. A 
1.25-in air line inside the 4-in pipe enib about 200 ft 
above bottom of hole. At start, hot water ia pumped 
down the 8-in and 4-in pipes; molten sulphur accu¬ 
mulates until (upon stopping flow down the 4-ln 
pipe) it will rise, under hydrostatic press in the 8^n 
pipe, to bottom of the air line; the well is then said 
to be "sealed." Air ia then admitted, slowly at first, 
increasing gradually to equalise the rates ol melting 
and lifting Temp of water is held as closely as pos¬ 
sible at 320*-335* F, adding "tempering" water at 
210° if necessary; if water is too hot, the sulphur 
becomes viscous; if not hot enough to prevent frees- 
ing at any point, the well may be lost, since a solid 
cake of sulphur is difiieult or impossible to remelt 
with hot water. A normal well eztracta sulphur from 
an area of about 0.5 acre. "Bleeder” wells are dis¬ 
tributed among a group of producing wells to relieve 
the press required to force large volumes of water 
into the ground. Water returning from them at 180°- 
2(X)° F is so impure as to be useless for any purpose 
except initial preheating of boiler feed, by exchangers; 
no satisfactory method for purifying "bleeder” water 
has been devisgft Purification and skipmxnt or 
SULPHUR. Molten sulphur from a group of wells is 
pumped by air through insulated and steam-heated 
pipes to a central "relay" station, where subsequent 
manipulation includes: (a) elimination of air and 
other gases in steam-jacketed separator; (6) oolleo- 
tion in a steam-heated, constant-level, flow tank; (c) 
delivery through orifice meter into steam-heated, 
cast-iron "relay" pit; (d) transfer from a full pit, by 
submerged centrifug»l pump, to final storage vat. 
letter is a rectangular wooden enclosure 800-1 000 
ft long, 200 ft wride, with walls erected only 3-4 ft 
above rising level of sulphur, until final height 
reaches 40-G0 ft; such a block contains 400 000 to 
750 000 tons of sulphur, analysing 09.5-99.05% H. 
After 6-12 mo for cooling, the walls are removed, 
standard-gage tracks laid alongside, and face of block 
is bored with mechanical augers and blasted writh 
dynamite to lumps which can be loaded by clam¬ 
shell bucket or steam shovel. 

Mining kaolin through boreholee. West Cornwall, 
Fig 617. Arrangement at Bottom of Conn (313). Kaolin occurs in vein-like residual de- 
I-rasch Sulphur Well. (DiagrammaUo sec, intercalated with seams 

' of broken quarts, feldspar, and mica. As the mixed 

material could not be mined by ordinary methods and the kaolin washed out at a profit, bore¬ 
holes were used. Holes were cased with 4-in pipe to within a few ft of the footwall of the deposit. 
Inside the 4-in pipe was placed a 2-in pipe, terminating in a cap with several nossle-like openings. 
Water under 40 to 60 lb pressure wss forced down the 2-in pipe, the bottom of which was allowed 
to sink to the footwall as the surrounding material was broken by the jets and washed up the annular 
space between the pipes. Depth of wells, 50 to 198 ft. The vein matter contained 20% kaohn; 
the overflow of the wdls carried 5 to 10% aolida, averaging 60 to 75% kaolin. The percentage of 
pure kaolin in the solids was inversely rioportional to the velocity of the water current. 

Mining gilsonite. When heated to a certain temperature, gilsonite flakes off without mdting, a 
propsrty utilised for mining this miiieral in overhand stopes. Steam or hot air jets are turned against 
the face under attack, and, as the gilsonite flakes off, it is caught in a hopper and loaded by gravity 
to cars below (U 8 Patent 950 363, Feb 22,1910). 
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90. CHUTES AND CHUTE-GATES 


ChvtM (mills, mill>lioleB, ore-chutes or ore-passes) are used chiefly in filled and shrink¬ 
age stopes, Alt 69,67; also in square-set stopes, Art 47. They are vert or inclined passages 
through the slopes, for handling ore or waste. The term also designates chute-raiaes 
(Art 67), chute-compartments of raises, and chute-gates. 

Requisites of a chute: (a) a life at least equal to that of the slope it serves; (6) mini¬ 
mum tendency to clog; (c) a cost small in proportion to total tonnage passed; (d) low 
maintenance cost; (e) suitability to the sloping conditions. Details of construction are 
important as they affect the life of the chute, which often limits the max allowable level 
interval. The chute’s life depends on the amount and character of ore passing through 
it, and the pressure due to the slope filling. The tonnage passed is a function of the stopo 
width, interval between chutes, and distance between levels. Spacing of chutes is affected 
by the cost of handling ore in stopes and the development work required for a given 
spacing (Art 47, 60-06; also Raises, Art 70). These factors should bo considered in 
connection with the initial and maintenance costs of chutes for a given slope. 

Vertical vs inclined chutes. The former are preferable, as they are easier to construct 
and maintain, and will pass a larger tonnage for a given amount of wear. Inclined chutes 
ore necessary in narrow, pitching veins, or near an inclined hanging wall in wide deposits; 
if provided with a ladderway, they are easier to climb. 

Types. The commonest chute has a rectangular cross-sec, and is built of cribbing or 
plank; it often has a ladderway, and sometimes a slide for hoisting timbers, drills and 
steel. In veins less than 6 ft wide, chutes are sometimes built by lagging vert rows of 
Stulls. Circular chutes of dry stone walls are used at the Baltic mine, Mich (Art 63); 
circular wooden and steel chutes have been used at Broken Hill, Australia, and circular 
chutes walled with pre-cast concrete segments, at Ashanti, W Africa. 



Fig 618. Two-compt Chute, 
Nevada Wonder Mine 



Fig 619. Cribbed Chutes 


Size. To prevent clogging by the arching of broken ore, the min cross-sectional 
dimension should be at least 3 X max diam of the largest piece of ore, and preferably 
more. Single-compt chutes are usually 4 by 4 ft to 5 by*5 ft. The min width for a ladder¬ 
way is about 2 ft; better, 2.5 ft. In mines having a large level interval, the chute and 
ladderway should be of equal size, so that the compartments can be interchanged when 
the chute is worn out. In filled stopes, manways are usutdly provided only in every 2nd 
or 3rd chute. Manways are advantageous for ready access to chutes when they clog or 
need repairs. See below and Art 63 for sizes of circular chutes. 

Rectangular plank chutes cost less than others; the type form is shown in Fig 618 
(see also Art 60); the ladderway is sometimes omitted. The first few cribs above the 
Stulls at the level are of 3-in plank. The edges of the planks are toe-nailed together. 
While filling is being placed around them, the planks are held in position by diagonal 
cleats, as shown. The planks are cut, notched and beveled by a swinging circular saw 
(234). Comma, instead of being mitered as in Fig 618, are often notched and dovetailed, 
end and center boards then being interchangeable. Planks can be spaced close or semi¬ 
open by adjusting depth of notches. Plank chutes serve for small tonnages, as in narrow 
veins, or where ore is sorted and only a small amount is saved; they will not withstand 
heavy pressures from filling in stopes with weak wails. 
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Cribbed chotes are in general uaa in the U S for large tonnagee, and for supporting 
heavy pressures in filled stopes. Fig 619 (a) shows open cribbing; 2-in epreaders hold 
the timbers in place; the lin^ is of vert plank. Fig 619 (b) and («} show close and semi- 

open cribbing, which may or may not be lined. 
Timbers with grain at right-angles to the direction 
of falling ore wear faster than when the grain is pwral- 
lel to the flow. Unlined chutes must be heavy enough 
to last as long as the chute is needed, because they 
are difficult to repair or replace. Fig 620 shows round 
cribbing, for chutes 5.33 ft sq, either single or double 
compartment. Crib timbers are 10 to 18-in diam, and 
have an aver life of 3 months, on 2-shift work, 6 days 
a week; hemlock is preferred, because of its toughness. 
The lower 20 ft of worn chutes are lined with 0.25-in 
steel plate; above that, with 3-in plank (209). 
Though round timber is cheaper, chutes built of it are harder to erect and to line tightiy. 

Square-set chutes. In square-set stopes, chutes and manways may be made by 
laggin g vert rows of sets. Fig 621 shows a sortinq chute in filled rill stopes at Butte, 
Mont (see Art 65). For a height of 5 sets above sill floor, the chute is 3 sets long by 2 
sets wide; above that, 1 set wide. Middle sets form a manway; outer ones are ore pockets 
above the level. Gates and grizzlies are placed over the pockets. While ore is drawn 



Fig 620. Bound-timber Cribbed 
Chute, Sec 16 Mine, Ishpeming, 
Mich 



Upper chutM 


Sorting rhuteo 
Grinly 
Gob lagging' 

S'chute brace. 
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Lower chutes 
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4? dnubte. 
lassing 

Sheeting 
Drift chutes 
Ore car 
Timber slide 
Vair pipe 

VERT SECT A-A VERT SECT B-B 

Fig 621. Square-set Chute with Sorting GrizxUes, 
Butte, Mont 




PLAN 



from upper diute No 1, waste is sorted on the grizzly and thrown into lower chute No 2, 
and vice-versa. 

Cylindrical wood-stave chutes (Fig 622) are preferred to cribbed chutes in large filled 
stopes at Broken Hill South mine, NSW (314). The level interval is 150 ft. In cribbed 
chutes (Fig 619). the lining cut out rapidly; the spikes holding it also failed and the 
planks ripped off. Repairs .i'ere excessive and even 4-in lining was inadequate. Cylin¬ 
drical chutes worked better. They are built in 4-ft sections, of beveled staves. Since 
the grain of the staves is vert, the cutung action of falling ore is minimized. The staves 
are bound with wire hoops while filluig is being placed around them. 

There are 4 types of chute in this mine: (a) chute of 4-ft internal diam, with 10-in 
staves; (b) 3-ft chute with 10-in staves; (c) 3-ft chute with 6-in staves; (d) 3-ft dhute 
with 6-in staves; 5-in thickness is the minimum for sufficient bearing between staves and 
for jusistance to collapse. Type (a) is used for the lower 35 ft of both v^ and inclined 
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diutes (its latse diam mixtimiMS dogging); type (b) u for vert diutee, for the seotiona from 
36 to 70 ft, whoi die lift is 160 ft; i^pe («) is used from 70 to 120 ft on 160-ft Ufts, and 
from 35 to 70 ft on lOO-ft lifts; type (d) is for repairing rectangular obutes which have 
failed. The upper 30 ft of these stopes is mined by underhand square-setting (Art 46), 
and hence chutes are not required. Staves are of eucalyptus, sawed from round or square • 
timbers. At first, dowels, as in Fig 622, were used to hold tbe staves together until they 
could be wired, but as this construction was too slow small dogs (cramps), of 0.5-in iron, 
were employed. Successive lengths of chute are simply stood one upon another, as they 
do not tend to move laterally after being endosed with filling. Fig 623 shows an indmed! 
stave chute. Fig 624 shows a connection between vert and indined chutes; the loosely 
hanging rails yidd to every blow and take wear at the turn. 



Fig 623. Inclined Cylindrical Chute 



Fig 624 


Stave chutes are marked by low first cost and good wearing qualities; thejr may be 
withdrawn on finishing a stope. They are serviceable for lining raises and passes for 
hsndling filling. G. J. Ilorwood stated in 1916 that an essential condition for their 
satisfactory use is that the pressure be approx eaual on all sides; hence they are not 
applicable in stopes having a heavy hanging wall (242). Table 61 shows rdative costs 
of stave and rectangular criblied chutes at Broken Hill South mine. Eucalyptus costs 
$56.40 per M bd ft; 10 by lO-in Oregon pine, $45.60; 2 by 10-in Oregon pine, $48 per M. 
See Bib (314) for details. 


Table 61. Cost of Chutes, Broken Hill South Mine, Australia 


Type of Chute 


4-ft chute, tO-in staves. 

3-ft chute, lO-in staves. 

3-ft chute, 6-in staves. 

3-ft chute, 3-in staves. 

3-ft inclined chute, Fig 623. 

Cloee-oribbed chute (Fig 619b) 10 by lO-inOi’. 

Cribbed chute (Fig 619) 10 by lO-in OP, 2 by lO-in 

OP spreadm, 2-in SB lining. 

Cribbed chute (Fig 619e) 10 by 10-i n OP . 


Cost per linear foot j 


Material 

Labor 

Total 

$9.35 

$0.75 

$10.10 


7.35 

0.75 

8.10 


4.40 

0.35 

4. 75 


3.70 

0.35 

4.05 

OP — Oregon pine 

8.60 

1.00 

9.60 

SB — Eucalyptus 

11.80 

0.20 

12.00 

(“Stringy Bark”) 

10.00 

IJOO 

11.00 


9.50 

0.20 

9.70 




Cylindrical concrete chutes. Ashanti Goldfields, 
W Africa, in working exceptionally loose and slippery 
ore of Obuasi reef by flat-back, square-set and closdy 
filled slopes, has found pre-cast concrete segments 
cheaper than timber for walling single-compt ore 
passes (537). Segments. 3 to a ring, are 8 in hi^, 6 in 
thick, with inside radius of 1.25 ft (Fig 625). Each 
segment has 2 holes, top and bottom, 1-in diam and 
1.5 in deep, for insoiting iron pegs, 6 per ring, equi- 
distanUy spaced to allow staggering of vert joints. 

Cylindrical steel chutes were successful at the South 
Blocks mine, Broken Hill, Australia (315). A diam of 
30 in is the minimum rise to prevent frequent clogtpng, 

















lQ-406 MISCELliANY, UNDERGROUND MINING 


Joints with rivet heads projecting inside were a source of weakness, as the h»ds wore off; 
this led to the construction in Fig 626. Chutes are of </ 8 -in plate for the first 60 ft above 
the level, t/K-in for the next 50 ft and ^/ 4 -in for the remainder. Some chutes, carried to 
140 ft above the level, have passed 15 000 tons without repairs, ilepairs were difficult, 
but unnecessary if’sharp bends were avoided, if chutes were properly spaced, and if blasting 

in clogged chutes was prohibited. 

^_ ] )»_^ , t s IhM* , Clogged chutes were loosened by a 

i ^v-»'7'c-<ac-- '*! !*' T i *"^'*"*—*1 “cannon,” made by boring a 2 -in 

ijs'l ”"* J AI hole in a piece of 5-in shafting and 

7 PLATE res OSD.HASY TOSS L* jljA gtmpowdcr to fire a projectile 

r —(tmsiomm xVi** X") I it hung-up ore. AnvANTAGSys 

'{Tj of cylindrical chutes: (a) moderate 

s' fat-s'sctoc_ .1 - 1 ?,^ . . first oost and excellent wearing quali- 

_jl'tr.. .vpik— Hjll—L.r^. - Jl*: ties; (5) small size permissible with- 

j 4 pyj undue tendency to clog, thus 

_r i- --t j josoiHAST Tu*e lessening the chance that men may 

fall into them; (c) adaptability to 
r stoping conditions, as no special care 

PUTS POS-OTTOS os J blasting ground 

'^ix* • -TAKTiNGTu-e * J Dtam sbove them; (a) their impervious 

Jl^aVctAC—^ S ^ ta*.L . structure, which prevents loss of 

J jp , rich ore and keeps out sand filling 


• J 


X L^a 4 cc '»| 


Sj-a’HX'ouuw* 

DlAin 

*OSDINAST TU*e 


C 4H Out^ 

Dlam 

rrS*? 


vi'oji--.! ) /. Li^jjiiJ ' BOTTOM os' l^x' (a difficult matter in wet mines); 

sioti J 4 * -TABTiiio Toit (gj gnag und cheapness of erection. 

Kg 626. Cylindrical Steel Chute each section fitting the one below. 

At this mine the steel chute worked 
as well as any timber chute; its adoption in any case depends largely on the relative 
cost of steel and timber. 

Rectanizular steel chutes (14 by 14.5 in) have been used in filled square-set stopes at 
Centennial Eureka mine, Utah, for handling high-grade ore without loss of fines. They 
arc of */i«-in plate, bolted to 1.5 by 1.5 by 0.25-in angles at the corners and on the outside. 

Clogged ^utes may be started: (a) by climbing up the chute and placing a light shot 
to unkey the clog (dangerous work, which should be prohibited); (fe) if there is a manway, 
by breaking into the chute; (c) by using a “ cannon ” (see Steel chutes); not always 



Kg 627 


Fig 028. “Bricked" Chute at Black Rook 
Mina (557) 


effective and causes delay; (a) by exploding " bombs ” of 2-7 dynamite cartridges against 
the hanging ore. At Miami mine, ^mbs are tied to 1 by 1-in Douglas fir rods (blasting 
sticks) 10 ft lung: if one stick will not reach the clogged point, others are added, to lengths 
of 50-60 ft. Miami uses electric detonators for firing, experience showing large decrease 
in chute-blasting accidents compared with fuse and cap blasting. To lessen fire risk, eleo 
detonators are also desirable in blasting timbered chutes. ^ Bib (619) for details of 
blasting clogged chutes in southwestern U S. I'ig 627 shows a similar device, of a 1 by 
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1^54n bardwood rod, with flat iron hoops on one end. Extra lengths dt rod are lashed on 
as reciuired. The hoops prevent tiie rod from catching. The hanging ore is poked until 
it falls, 'or a stick of dynamite is fastened to the rod and exploded at the clogged point. 
This device can be used to a height of 100 ft (316). 

Wear. Ore falling freely in a high empty chute is very destructive. Chutes should 
always be kept nearly full; the wear on the lining then depends on the velocity with which 
the ore moven and hence varies with the cross-sec. Long chutes may be constructed in 
segments of convenient height (usually not exceeding 60 ft), offset from one another; 
a gate may be inserted at bottom of each segment to retard or control flow of ore. Wear 
on chute lining in square-set stopes can be reduced by substituting short wooden blocks, 
laid hoiiz, for the customary vert planking. Fig 628 shows this method of " bricking " 
at Black Rock mine, Butte (557); blocks are 20 in long and held in place by round poles 
spiked to outside of posts. Similar method, but using blocks of squared timber, is used 
at Frood mine (Art 46, Fig 295). Such blocking has additional advantage of stiffening 
the square-sets. 

Chute-gates, at bottoms of chutes, raises, etc, control the flow of ore in loading into 
cars. Their design and details vary widely. Following general points are important: 
(o) The cheapest chute-gate that will do the work without undue maintenance cost and 


Fig 629. Chute-gate, Homestake Fig 630. Chutc^ate, Dives Pdi- 

Mmo can Mine, Colo 

delays due to clogging is the best. First cost should be considered in connection with the 
total tonnage passed; elaborate designs are warranted only by large tonnages. (5) Gates 
must be suited to the size of the ore. Simple board gates serve for fine ore; other forms 
are necessary for handling large lumps, (c) For rapid loading, mechanically operated 
gates are sometimes required, (d) Strength is essential, as wear is heavy and gatra must 
often withstand blasting of boulders in or above them, (s) Clearances must be ample, 
to provide room for barring, to allow for settlement of supporting timbers, and to prevent 
men from being injured by getting pinched 
between chutes and cars. Following 
examples are of types found good under 
different conditions; see also Bib (317). 

Simple chute-gates (Fig 629). The 
gate-boards are held by side cleats; small 
chutes may have only 1 board, but 2 give 
better control of the flow of ore and 
facilitate removal of large lumps (Fig 
576, Art 85, shows a larger chute with 
3 boards). For small-size material the 
lower board B, Fig 629, is pried up with 
a pinch-bar; notch A is a convenient 
resting place for board B when the chute 
is running freely. Instead of inside cleats, 
brackets of round or strap iron or rails 
may be used to hold gate-boards (Fig 
632); these, being outside of chute, do 
not obstruct flow of ore and are not damaged by it. Modes of attaching such brackets, 
o^er than titat in !^g 632, are obvious; as brackets of bent angle-iron, used at Noranda 
(Fig 633); the drop boards are 2 by 10-in; inside width of chute, 4 ft. Fig 630 shovra 
a simple chute supported on stuUs, under a narrow shrinkage stops; chutes for mill holes 
in filled stopes are similarly supported. Fig 631 is a chute for square-set stopes (66). 
The bottom of such chutes is cut out rapidly, especially by hard siliceous ore, when the 
chute is not kept full. Lining s of plank, old rails or steel plate, ore useful. Wear is 
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reduced by offsetting chute (Fig 634), so that solid rock fonns chute bottom. In square- 
sets same result is obtainable by lagging chute sets on level and omitthxg bottom 
bcHBuds AB, Fig 631;'space S then fills with broken ore, which stands at its angle of 
repose above chute lip and takes the wear. 



Fig 632. Bracketed Board Gate Quebec 

All the above chutes are designed for loading fine ore into small cars, as in hand traiq- 
ming. Board gates for large cars on motor-haulage levels may bo similarly supported, 
but drift sets of excessive height are required for headroom and for clearance between the 
chute lip and top of car. For such conditions practice favors pony-sets for supporting 

chutes (see Fig 6.34; rdso Fig 
584, Art 86, and Fig 572, Art 
85). 

Sliding steel gate. Fig 634 
shows chute equipped with 
such gate in the Miami mine 
on motor-haulage levels for 
pocket chutes C, Fig 579, Art 
86, The gate (“guillotine” 
type) is a steel plate, sliding 
nearly vertically in guides 
bolted to tlie pony-set posts, 
and operated by a hand lever. 
The ore is rardy as large as 
10-in diam; fine ore is quickly 
loaded (154). Gates of guillo¬ 
tine type are best adapted to 
fine or medium-coarse ore, and 
require mountings free from 
distortion. They may be oper¬ 
ated by levers, rack and pinion, 
or by direct connection to air 
or hydraulic cylinders. 

Chinaman chutes (Mg 635) 
are for shrinkage stopes in 
narrow veins. By omitting 
lagging between adjacent stuUs 
over the level, an opening is 
left from wall to wall and of 
width equal to the interval be¬ 
tween stuUs. Under this is a 
platform, 20 to 30 ft long, of 
horiz Stulls in hitches about 5 ft above the track. The stulls are lagged, lea'ving an open 
space about 15 in wide over the track for the whole length of the platform. Short 2-in 
planks A, placed across the open space, ser\e as gates. Broken ore from the stope rana 
down in a wedge-shaped pile on the platform. For loading cars, a few of the boards A 
close to toe of pile, at either or both ends, are removed; ore from the sides is dboveled to 
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the central openmg. A]>vamtaobb: (o) the wide opening between etuUs prevents clogging; 
(b) large pieces may be sledged or 


blasted on the platfonn without dam¬ 
aging timbers; (c) the ore settles evenly, 
as it is drawn over the whole width of 
the slope instead of from one aide; (d) 
rapid drawing is possible, as several 
cars may be filled simultaneously. 
Duadvantaobb: (a) higher cost; (b) 
the platform is only 5 ft above the rails, 
thus reducing headroom for trammers; 
(c) level timbering must be higher above 
^e track, which involves more shovel¬ 
ing in opening a slope. 










Longit Sec 


Cross-Sec 

Fig 635. Simple Form of Chinaman Chute 


Fig 636 shows a Chinaman ohute-gate, with a bulldosing chamber in rock, used by Tenneesee 
Copper Co (data from L. Dregy). This gate is cheaper and requires less dead work in the pillar above 
main haulage levels than other types of biilldosing chute used there. The 4 20-in sq grissly openings 
(double hatched) are protected by 2 ar.gIeB ,BsatutanMm 

over inner edges of stringers S, and by U-shape 
steel plates dropped over filler pieces V, and 
bolted below cape T. Grisslies not in use are 
coveied by planks. Loaders enter chamber 
by ladder at E. Large pieces are blockholed 
on the grissly. Except the grissly openings 
and entrance, floor of chamber is lagged. One 
or more chute-gates, with raises 30 ft or more 
apart, are built on a turnout. 


IQ gii'C*^3 esai 


jS!2255229!2a22asS29"5£_ ^ 


stMl pnUetta M 
■liiilgr asnnass 
SMabmn 


BsIMesfiig ehsmbw 



VERT SEC A-A 


VERT SEC B-B 


Stop logs c 


Arc gate 


Fig 636. Chinaman Chute with Bulldosing Chamber, Tenn Copper Co 

' Bulldozing ” chutes and chambers are used for large-scale shrinkage stopes (Art 68), 

w’hcro blockholing can not be done in the 
. - ■■ - ... Btopes and where large slabs would clog the 

flirt gates. For examples, see Alaska Gastineau, 

q \ Bcatson, and Alaska Juneau mines (Art 68). 

j \ \ Bulldozing is also a necessary step at some 

I Stop logs \ \ mines using block-caving (Art 80). For 

I other details of a few installations, see Bib 

* Aw. ‘ gates, often used for moderately 

J '’"'■'.Vta.. ■■ ^ opwated by hand levers, 

3 ■■ or compressed-air cylinders; cost not justi- 

« ^ 1 I _ f by small tonnages. UNDEBswtrNO oatb 

1 *” I //' " L -\ ^ 637), closed by lifting through the 

I =4 stream of ore, is generally preferable to 

I Y/ A those which cut down through the ore; it 

I “W ' [' I |j . is more easily controlled and less apt to 

I 7^ HlfiTllll '—1 O’'’ allow sudden rushes into the drift. 

II ' ' ' ' »*_ OVBBHONG ABC OATB (Fig 6.38) is not well 

I I il r "I ' w i I ' l* adapted to coarse ore, due to difficulty of 

Fig 637. Undenwung Arc Gate. Northern Ontario dosing it quickly and tightly in presence 

of large lumps. If the axis of rotation is 
placed slightly lower than the level at which edge of arc meets bottom of chute, the 
gate can be operated with lees ^ort. 
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Fig 639 shows an “ovsrout’’ gate made of a flat steel plate, reinforced by a strap oi 
which the ends are tent back to form arms hinged to posts at both sides of chute. This 
gate is popular in Southwestern copper mines (also used at Frood mine), having advantages 



Fig 638. Overhung Are Gate, Inspiration Mine 


of cheapness and simplicity; best adapted to moderately coarse ore. On small gates, the 
handle may be omitted. 

Butterfly gate (Fig 640), originating in So Africa, used widely in Europe and at some 
Lake Superior iron mines, is simple and easily operated, but not well adapted to coarse 



Fig 639. Flat-plate Overout Gate 


oie. A flAt steel plate is hii^ied along its center line so as to rotate on a h(»i8 bar A, 
which the ends are supported on sides of chute. A pin p, inserted from outside through 
a hole in side of chute, holds the gate shut; on withdrawing pin, pressure of ore opens the 
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cate. Flow ia atopped by inserting pin and raidng lower edge of plate until upper edge 
digs into tbf ore stream, thus rotating and closing the gate. 

Rnger chutes, ilg 641 shows a chute (106) for handling largo amounts of relatively 
coarse, dry ore. The fingers, held in place by the weight of an aim A, are separately 
hung from rod CC so that they move independmtiy. Short ropes from the arms join a 
mtun rope, passing over a roller to a small windlaas. To draw ore, the fingers are raised 
high enough for it to pass; when drawing is completed the fingers fall by gravity. If a 
large piece catches on the lip, it holds up only 1 or 2 fingers, 
the others dropping to normal position. To prevent leak¬ 
age when chute is not in use, a tail board is placed across 
the lip in angle irons D. Advantages of finger chutes: 
quick loading, freedom from clogging and from spilling 
ore on tracks. Their cost is prohibitive except for large 
tonnages; in two Alaska Treadwell mines, they were re¬ 
placed by simple chute-gates. Fingers made of bent rails 
have been found satisfactory by Tenn Copper Co (317) 
and several other mines. 

BsU-and-chain, or curtain gate (Hg 642) a patented 
device invented by D. L. Cramp, and used at Lake Shore 
Gold Mines and elsewhere, is well adapted for chutes pass¬ 
ing ore of widely divergent mixed sixes (597), since large 
lumps can be barred through without causing a run of 
fines. It acts to hold stationary the upper layer of a bank 
of ore standing only slightly steeper than its natural angle 
of repose. Sixe and wt of balls and chains are propor¬ 
tioned to sixes of ore and chute; a chute 32 in wide would 
need 5 6-in balls. Each ball is connected by a short, 
light-weight chain to a bridle bar, which ia raised and 
lowered by rope, pulley, and windlass. 

Keating chute (Fig 643) was adopted at Creii^ton mine, Sudbury, Ont, for heavy ore 
from shrinkage stopes, after trying numerous other forms. The ore contained many 
boulders, requiring blasting in the chutes. The gate consists of round lagging A, held 
in place by 2 bent rails. The I-beams across the tops of the posts protect the miner when 
working at a blocked chute; the inside I-beam may be omitted without danger (317). 

Baltic gate. Fig 644 shows gate used at the bottom of dry-wall mill holes in upper parts 
of the Champion mine, Mich. It is operated by lever A, and rests on the edge of the car 
when loading. It is inexpensive and well adapted to the Baltic method of mining (Art 63)« 



Fig 641. Finger Chute, Alaska Treadwell Mine 


because, as mill holes are used alternately as chutes and ladderways, the gates must be 
dismantled or installed when the change is made. Same tyi>e of gate has been retained 
under different mining (ystem lor loading 5-ton cars on lower levels; lever bar. is some, 
times placed on opposi^A tide of drift, and connected to pan by rope passing over 2 over¬ 
head pulleys. 

Hanging chutes (Fig 646) are used on Mesabi Range while mining the lowest sub4eval 
in top-slicing (Art 70. 71). They have the advantage of holding several cars of ore in a 
short vert distance, and so avoid .interference between miners on the sub and trammers 
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on the main level. The eub-level track is carried on short drift-eets, which also support 
the chute sides; the bottom, of loose boards, rests on 30-lb rails, which run lengthwise of 







Slot ELEV. front ELEV. 

Fig 643. Keating Chute, Creightun Mine 

the chute and carry most of the weight; the rails hung from the caps of small sets just high 
enough to clear the cars on the main level. The chutes are sometimes 20 ft or more long, 
1 or more cars being filled at a time by removing some of the bottom boards (35). 
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Rg 044. Chute-gate, Baltic Mine, Mich Fig 645. Hanging Chute-gate, Mesabi Range, Minn 
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91. MECHANICAL HANDLING IN STOPES (See also Sec 27) 

General. Mechanical devices may be used in stupes solely for transport or solely for 
loading, or for a combination of these purposes. Herein is first described the use of cer¬ 
tain eauipment for transport; then misc examples of mechanical loading or transport or 
both. Other examples of mechanical handling are given under open stopes (Art 31-34), 
top-elicing (Art 71, 72), and sub-level caving (Art 76, 77); for use of scrapers for distri^ 
uting filling in stopes, see Art 62; for scrapers and loaders in headings, see Art 20. For 
constraction and operation of the numerous machines in use for underground loading and 
handling, see Sec 27. Development of these machines has been rapid during recent years, 
with a corresponding increase in their application. In many mines, former stoping 
methods have been modified to allow the use or increase the effic of mechanical handling; 
in other more recent ones, the development of stopes has been planned for such equip¬ 
ment as an essential feature. In general, mechanical handling is most advantageous for 
fairly large-scale operations, where the savings effected apply to sufiSicient tonnages to 
warrant the first cost and maintenance of the equipment. 

Besides savings in direct cost cf loading and transport, there are often collateral or 
indirect wonomies connected with mechanical handling: (a) increased rate of output 
from a given area, of special importance under a weak or heavy roof; (fi) reduction in 
footage of narrow work required to develop given stoping areas; (e) employment of more 



Fig 646. Development at Crown Mines, Transvaal (E A M JJ) 


skilled and semi-skilled labor and less dependence on lower-grade labor (though natitres 
of So Africa and Nor Rhodesia have proved quickly adaptable as scraper operators); 
(d) in flat or slightly dipping stopes, a saving in installation, maintenance, and moving of 
stope trackage; (e) under treacherous roof, or while drawing pillars, scrapers reduce 
danger to workers by making it unnecessary for them to remain continuously in the stope. 

Transport in stopes on flat dips. Deposits dipping lO^-SS" present a problem of 
obtaining cheap transport from stope faces to levels. On steeper dips, ore slides to the 
levels. Minimum dip for sliding by gravity is 33“-45*, depending on character of ore and 
footwall; on dips flatter than 10®, cars may run directly to stoxie fac». On intermediate 
dips, ore must be transported to the levels. Some form of scraper is usually the best and 
simplest means of stope transport, if scale of work and other conditions justify its instal¬ 
lation (see Sec 27, and below, under Scrapers). 

Other methods of stope transport, used prior to modem scraping methods, and still 
used alone or as auxiliaries to scraping are: (a) By costly shoveling along footwall. 
Ore from upper parts of a lift may require several handlings before reaching the level; 
this limits the level interval (Art 19) and increases dev61opment costs. In general, it is 
justified only for small work in high-grade ores, (b) By intermediate levels and raises, 
to which ore is shoveled or scraped. Lateral transport on intermediate levels may be in 
barrows, cars, or scrapers. Fig 646 sliows an elaborate system at Crown Mines, Ltd, 
Transvaal, for band shoveling in stopes (73). Main haulage levels were about 300 ft apart; 
chute-raises (ore-passes) sloped 55®, and were arranged for a max shoveling distance of 
100 ft; 20-cu ft cars trammed to chute-raises; their tracks were on footwall parallel to 
strike, and level with collars of raises. Such systems, of which many variations are pos¬ 
sible, are expensive in non-productive development; they do not eliminate shoveling and 
wheelbarrow work, but reduce its distance. Hoover (20), in discussing this general 
method, says: “In some flat deposits, crosscuts into the walls or even levels under the 
orebody are justifiable. The more numeious the ore-passes, the less the lateral shoveling, 
but passes cost money fw construction and for repairs, there is a nice economic balance 
in their frequency.” Obviously, scrapers may be used in similar systems of intermediate 
levels and raises (compare development for top-slicing. Art 70, 71). (c) By tracks laid 

on footwall at an angle to the dip, so that cars can be run to stope faces (Fig 202, Art 34). 
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This is feasible in deposits of large area, with regular footwall, and dip less than 10", but 
not in short, irregular oreshoots. (d) By breast stoping to the dip (Art 31). (e) By 

gravity pianos, stationary or shaking chutes, or other slope conveyers described below. 
These aids to stope transport are limited to open stopes in regular deposits; not applicable 
where hanging wall is heavy, requiring close support, nor to deposits of very irregular 
shape and dip. 

Self-acting (gravity) planes. Empire mine. Grass Valley, Cal. Ore occurrence resembles 
that at North Star mine (see below); dip is about 30°. 

From a raise R (Fig 647), near middle of oresboot, intermediate drifts are driven 75 to 
100 ft apart. At A, just ateve the highest drift, are placed 2 drums with a brake. One 
drum has a friction clutch for regulating tho length of rope to suit the different levels. 
The rai.«ie is double-tracked, with turnshoets at the intersections with drifts. Cars lowered 
from the turnsheets by gravity dump automatically into chutes at the main level (336). 
To give room for loading, there must be a minimum clearance of 18 in between top of car 
and hanging wall; hence planes are not applicable in veins less than say 4.5 ft thick. For 
details of gravity planes, see Sec 11. For use of planes operated by hoists, see Rand 
practice. Art 33. 


"Oo-devU” planes, North Star mine. Cal. Aver dip of vein, 23°. L. O. Kellogg (337) gives 
following data. Main levels are 333 ft apart; from them, stopes ore opened in a scries of lifts 
(Fig 648, 649, and Art 39;. Beginning at a level, the first slope is carried toward the raise and to the 
limit of the oreshoot, the ore being shot 


down on plats laid over the level track. 
Aft^ making 2 or 3 cuts, a shoveling plat 
is built, at least as high as a car. 1 f the dip 
is steep enough, chutes are put in to load 
cars by gravity. 'When the slope face 
has advanced about 30 ft, it is drilled 
throughout its full length. Then the pil¬ 
lars next to chute are blasted out, and a 
row of stuUa is set about 6 ft from the 




Fig 647. Gravity Plane, 
Empire Mine 


Fig 648. North Star Mine (Stope showing successive 
lifts) 


face. These are lagged to retain the broken ore. 'When space is made, the first intermediate 
track ia laid (Fig 849) and the 2nd lift begun. (Fig 648 shows work at the 6th lift.) 

The ore, sloped in succa'sive lifts, is lowered to the main level by double-track planes (“go- 
devils'’). The headblock (I'li; 650) comprises 3 sheaves, with a triangular brake blocK between 
them, applied by the lever to all three e*>caves. The headblock is suspended at the top of the plane 
by a bolt through a post. A fi-in rnpi is used for 16-cu ft cars. The trammer fills a car on a lateral 
track, trams it to a turnsheet at the intersection with the plane, hooks on the rope, pushes the car 
over the edge of the turnsheet on to the go-dev:! track, and grasps the brake lover. The descending 
loaded car pulls up the empty. The track is 2U-in gage, of 12-lb rails on 4 by 6-in ties. Three can 
in a stope hancUe the product of 4 or 5 drills, from 10 to 15 go-devils supplying a daily production of 
350 tons. 
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8tati«Baiy chatM open »toel-pUte trouchat of curved or reotMgular oroea-eeCi laid on the 
etope flooTi or on weete rook or Bneall timber beute. Ore ia ehoveled into the cbutee at the faoe, or 
wheeled to them in barrowB< On the Rand (Art 33} eemi-oiroular chutee convey dry ore on dipt 
over 30”, which is about the minimum anKle 
at which ore will elide. Flatter dips are poe- 
sible if the ore ie thrown or dumped into the 
dhote, thus having an initial momentum. 

These chutee are in 10-ft seotiona, 18 in wide, 
of M~iii plate. Rectangular chutes, 20 in wide 
by 5 in deep, and pitching 31° to 34°, were 
used at Qoiden Croaa mine, Cal, for dips of 
about 30°. Similar chutes have been used 
for cleaning up atopes at Mohawk copper 
mine, Mich (Art 41). Stationary chutes are 
cheapeat and simplest. During blasting they 
may be protected by piling ore on each side. 

In a few oases on the Rand, a small stream 
of water has been used to assist movement 
of ore, when chutes are nearly at the critical 
angle. 



North Star Mine (Sec 
showing 1st track) 


through stope. 


Shaking chutes have been used widely in flat stupes on the Rond, though lately 
often replaced by scrapers. They are shallow, sheet-iron troughs, of curved cross sec, 

hung by chains from eyebolts in 
holes in the hanging-wall, or better 
from a taut wire rope and turn- 
buckle (Fig 651), The chute ia 
suspended in an inclined position, 
and the ore shoveled into it while 
it is swung longitudinally by one 
or more Kafirs. At each back¬ 
ward swing the ore moves by its 
inertia down the chute a few inches 
to a foot or so, and discharges 
almost continuously. In large, 
flat stopcs, ore is thus conveyed 
considerable distances by two or 
more chutes in scries; also, the 
successive lengths may be placed 
at angles to ohe another. These 
chutes are inexpensive, with large 
capacity and low operating cost. 
Disadvantages of suspending 
chutes from eyebolts: (o) difliculty, 
with irregular hanging-wall, of drilling holes in line and at proper intervals, and adjusting 
the chains so that chute Rwing.s freely and some chains do not work against others; (b) 
new holes must be drilled each time chute is moved. If hung from a rope (Fig 651), the 
chains are easily shifted. The rope 
supports may be 30 ft or more apart; 
closer, in narrow slopes. Clips are 
fastened on the roi)e at interval.'! equal 
to the chute lengths. As the rope re¬ 
mains in place during blasting, the 
chute is re^ily shifted. A few holes 
can be drilled on a new line, the upper 
end of the rope moved over and the 
rope tautened. Chutes delivei directly 
into the pocket or car (187). On the 
Rand, chute segments are S ft long by 
18 in wide, of H*™ plate. Lower end 
of any segment slips into upper end of 
the next one, and is fastened by 2 bolts 
fitting loosely in slots, to allow flexibility. 

As the stope face advances, tlie chute is 
lengthened, to keep within shoveling 
distance. Fig 652 shows a ehuto of J^-in plate, reinforced by straps. On slopes leas 
than 8® or 1,0®, ore wdll not move forward efficiently. It ia advantageous to have stope 
faces parallel to the dip, so that chutes may be set at the max possible slope. Long chutes 



Hg 651. Mode of Support for Shaking Chutes 



details of brake block 
Fig 650. •'Go-devil" Sheaves 
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may be swung by air or dectrio motor mounted on a drill column and provided with 
redprocating mechanism. For data on shaking chutes in Randfontein Estates, see paper 
hy H. Clark (666). 

L. Jacob, in 1935 (547) dmcriba use of shaking ohutee at Ottakoi 2 mini, Moselle, Fronee. A 
nearly level bed of iron ore 1.5-1.7 m thick is worked by room-ond-pillar methods, followed by extrao> 
tion of pillars and caving of overlying strata; immediate roof is a bed of blue marl 0.75 m tUeic, 
requiring some support by props and cribs. Ore is wet aVid contains about 50% of fines with strong 
tendency to agglomerate; it is broken to room width of 14 m by L O X explosive in slablnns rounds, 
retreating on both sides of a previously advanced heading 4 m wide. The conveyer comprises 3 sec¬ 
tions; (1) discharge end, 12.5 m long, sloping upward from floor to load into a oar 1.4 m high, stand¬ 
ing on haulage entry outside of room; (2) main horix section, to max length of 30 nx, dividing at its 
inner end into a short Y; (3) 2 inner extensions, max length 30 m, each joined to a branch of the Y 

by adjustable connections permitting the extensions 
to be spread apart at any angle to max of 30°. 
Troughs are of 3- and 4-mm Mn-steel plate; rec¬ 
tangular sec area of main trough is 750 sq cm; of 
branch troughs, 530 sq cm. All sections are rigidly 
joined, mounted on roller bearings resting on floor, 
and oscillated (with accelerating forward stroke 
and quick return) by mechanism placed under dis¬ 
charge end and driven by a 19-kw, squirrel-cage 
motor; strokes about 175 mm long, 82 per min. 
Aver rate of travel with this ore, 13.5 m per min on 
main section; slower on branches, and faster on 
upward-sloping discharge end. With 8 men shovel¬ 
ing into 2 branches, 18 m long and parallel to 
main line, aver output was 36 tons per hr (6 men, 28 
tons); spreading the same branches to 30° apart 
reduced output of 8 men to 27 tons per hr (6 men, 
22 tons). Tt was found advisable (to maintain speed) for branches not to exceed the length of main 
section, limiiing over-all length of room to about 70 m, reduced to 55 m when ore was very wet. - 

For another example of shaking chutes, see Boleo, below. 

Aerial ropeways (see Sec 26). One (Henderson-Tucker) gave good service in the Geld- 
enhuis mine (Rand), in slopes averaging 7 ft wide, on dips of 5° to 10°. 

The standing rope terminated over a small pocket, for loading cars on the level; upper end was 
fastened to a drill column at any desired point in the stope, and the rope was tautened by a turn- 
buckle. The trolley and bucket descended by gravity, and were puiied back by a small air or elec¬ 
tric hoist on the drill column. This dex ice was suitable for slopes of any length, but, for spans 
exceeding 100 ft, the rope had to be supported at an intermediate point by a damp attached to 
the arm of a drill column. The bucket 
dumped automatically. The rig could 
be dismantled in 15 to 20 min, and 
erected in about 30 min, irrespective of 
the length. Moving the column at the 
upper end took 10 to 15 min. During 
blasting the bucket was removed and 
rope slackened (256). Two track-cables 
were sometimes used, for working in 
balance. The winch then had separate 
clutched drums, otherwise buckets could 
load at one place only. Fig 6.')3 shows 
a aimple device to overcome this diffi¬ 
culty, invented at New Kleinfontmn 
mine. X and Y were the mam ropes; 

Z was a swinging stop, to take up 
shocks. M and ff were side-tipping trucks, holding 4 to 10 cu ft. Haulage rope O passed around 
2 grooved wheels W and over ptdlcy A, which traversed rope BC and so varied working length of O. 
Thia conveyer would work in a reef 45 in wide, and on dips of 15°-35° (546). 

Monorails and trucks. The Wager Bradford elevated system, propoeed for levels and very 
flat slopes on the Hand, has not been successful. Difficulties in supporting the rail and coat of instal¬ 
lation offset the advantages due to decreased friction. Bannowa with orooved w'heki.b on momo- 
BAIL8 (554). For thin veins at dips to 25°, E. M. Weston used a 2-cu ft wooden Cornish barrow, 
with grooved wheel running .m a wooden rail; or for regular dips to 18°, a 3-cu ft steel barrow on 
steel rail. Under rear end ci the body is a grooved block, for guiding the barrow in sliding on the 
rail. Wheel is a hardwood disk, with slightly larger l/s-in steel disks on each side, forming a groove to 
fit the rail. It will run on the slope floor, if fairly smooth. Several barrows may operate on 1 rail, 
an empty being tipped off the rail oa meeting a loaded barrow. 

Belt eonveyers uodergropad. Belt conveyers have been iiutalled underground both 
for transport exclusively and also to afford opportunity for band-sorting of ore in transit. 
Usually, the conveyer delivers to loading pockets or final disposal, not intd mine oara 



HoUi^ down' 


Fig 653. Aerial Ropeway for Stope Transport 
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Main road In footwaU 


For examples of rimple transport, see Messbi (Art 06); also Tri*State district. Grand 
Saline salt mine, and Boieo (below). Other examples follow. 

New Idris quicksilrer mine. Cal. A belt conveyer, installed in im adit 300 ft lower 
than original outcrop, is used both to dispose of stripped waste and to permit hand*sort:ng 
of ore from glory>hde workings. At bottom of glory-hole chute, boulders are bulldoaed 
to pass a grisxly of 4-in round steel bars spaced at 14-in centers; material is delivered to 
conveyer by apron feeder and a chute punched with 1-in holes, to allow fines to cushion 
large pieces; usual rate of feed, 360 tons (capac, 1 000 tons) per hr. Belt, 43 in wide; 
length, c-c of pulleys, 1 260 ft, of which 670 ft is inside and 580 outside of adit; belt speed, 
310 ft per min when discharging open-pit strippings, 45 ft per min when sorting ore (320). 

Bast Gednld No 1, 8o Africa. Recent installation of a belt conveyer at the loading 
pocket near bottom of the 3 226-ft vert shaft (105) was a new development in Rand prao- 
tioe. Ck)arse ore from a grissly is hand-picked, and waste returned (by cars) for stope 
filling. Method offers advantages to 
deep mines where filling is needed, 
other means of sorting are inapplica¬ 
ble, and shaft facilities could be fully 
occupied with hoisting of ore. 

Tri-State district. C. W. Nicolson 
(101) records in 1038 that 2 new 
mines have installed belt conveyers, 

500 ft and 700 ft long, both intended 
to be lengthened, for moving ore re¬ 
ceived from scrapers to skip-loading 
pockets at shaft. Before falling on 
belt, the ore passes over a 10-in grissly, 
but large slatM frequently pass through. 

Extremely abrasive character of ore 
entailed special design of bolts. At 
200 ft per min, 24-in belt carries 100 
tons per hr; labor cost, 0.9fi per ton. 

For operation at one of these mines, 
see D. C. & E. mine. Art 31. 

Cie du Boieo (552). After experi¬ 
ments in 1927, conveyers, both shak¬ 
ing troughs and belts, have almost 
completely replaced the 0.5-ton cars 
formerly used. Pay ore, disseminated 
chalcocite, occurs in a seam about 60 
cm thick in a bed of wet clay about 
2 m thick, dipping 9°, under heavy 
and weak roof. Straight-faced breast 
stopoB are advanced in direction of 
Btiike, working both up and down dip 
from sub-levels about 60 m apart (on 
slope). Mining is by band; a miner 
usually extracts a block 2 m high, 

2.2 m wide, and 1.1 m advance in 4.5 
hr, including 1.5 hr on timbering. At 
a face to the rise, ore is thrown into 
a motor-driven shaking chute (Fig 
654, A) 30 m long (in J^-m sections) 
either suspended by chains from roof or supported on rollers^ 3 men can move such a shaker 
in 2 hr. At a face down dip, a 20-in belt conveyer B, of 18-in overall height, carries ore up¬ 
grade. Both face conveyers deliver to a 20-in belt B' on the sub-level, of which the max 
length is 60 m; this delivers to a 26-in belt C, in an incline at edge of stoping area, from 
which the ore is dropped through chute to main haulage level 6 m below, in the footwall. 
Adoption of conveyers increased output per man-shift from 1.352 met ton in 1927 to 2.120 
tons in 1931. An incidental advantage, csiiecially important under the difficult roof 
conditions, was that a given area could be stoped more quickly, with larger sub-level 
intervals, and at less expense for drift maintenance. Further details in Bib (552). 

Sciapen in stopn. Scrapers, usually operated by double^lrum hoists (occasionally 
3-drum, as at El Potosi, below), are widely applied in nearly all forms of stoping, though 
most often in stopes at inchnations where ore will not roll or slide unassisted. In some 
eases, they serve only for transport, as distributing waste in fiUed-back stopes (Art 62), or 



Fig 654. 


Conveyers, Boieo ^inee 


and Belt 




10-418 MISCBLLANY, UNDERGROUND MINING 


working ore downward over irregular footwall, as in Golden Messenger mine (Art 40, and 
below), but their chief function is loading ore, directly into cars by a ramp or i^de, or into 
loading chutes in bottom or lower edge of a stope, or at end of a special scraper drift. They 
have been particularly useful in top-slicing and sub-level caving systems of Lake Superior 
irod-ore mines. In some mines, as Flin Flon (Art 43), Utica Extension (Art 71), and 
Climax (Art 87), the whole development and extraction plan has been devised to indude 
scraping as its chief feature; in Tri-State District (Art 31), Michigan amygdaloid mines 
(Art 41), Rand gold mines (Art 33), and many others, scrapers have bwn adapted to 
former practice (sometimes slightly modified) to economise in labor. Following examplee 
illustrate other scraper applications. 

Tri-State district. Ore is hoisted almost exclusively in cans 30 to 32-in diam and same 
height, holding 1 100 to 1 400 lb; for movement underground, can is mounted on a low 
truck, and then requires vert clearance of 64 in. An aver shoveler ($6.25) loads 25 tons 
per shift. During 1937, according to C. W. Nicolson (191) several of larger mines adopted 
36, 42, and 48-in scrapers, both air- and motor-driven, for 3 purposes: (a) scraping to 
winxes or hoppers delivering to cars or cans on a slightly lower level; (b) scraping into 

cars or cans on same 
level, via ramp or slide, 
permanent or portable; 
(e) scraping to a con¬ 
veyer belt delivering to 
shaft pocket. Data in 
Table 62 include some 
experimental installa¬ 
tions and hence are sub¬ 
ject to improvement. 
For data on scraiMrs in 
3 mines of the Com¬ 
merce Mining & Royalty 
Co, see Bib (583). 

Salt mining. Data from H. B. Cooley (563) in 1932. Salt bed, lying 700 ft below surface, 
Grand Saline, Tex, is uniform throughout, free from horiz seams or vert cleavages, and may break 
into blocks of 600 lb or more. Fig 656 shows alternative methods of mining; in both, a room 60 ft 
high and 60 ft wide is advanced from shaft, the bottom of which ia far enough below room level to 


Table 6S. Data on Scraping, Tri-State District 


DeCverod to 

Hopper 

Cans, 

by 

permanent 

ramp 

Cans, 

by 

portable 

ramp 

2.5-ton ears 
with 

2 semi- 
portable 
ramps 

Belt 

con¬ 

veyer 

Tons per ehift.... 

144 

190 

182 

123 

200 

Men occupied... 

3 

2 

3 

2 

2 

Tone per maa-ehift 

48 

95 

61 

61 

100 

Total cost per ton 

13^ 

H 


106 

86 

Power cost per ton 

1 U 



1.56 

1.26 


Beading driven GO' wide 



„ Flret mining 


Three drum 





To crusher 
and skip 


(Detance about ( 

Scraper-loading Mining Method 

Fig j.>5. Salt Mining at Grand Saline, Tex 


accommodate a crusher ana. kip-loading pocket. The shovel-loading method, a variation of shrink¬ 
age sloping, has advantage ot 'ermitti.tg n large reserve of broken salt during periods of slack ship¬ 
ments. In the scraper method, . '’>elined heading 60 ft wide is driven up a 20'* slope from near 
the ahaft imeket; on reaching a height of 60 ft it is continued hoiis. Inclined underhand slices 
are broken with vert 6-ft holes, 3 ft apart. Broken salt is scraped to shaft pocket by a V^coop 
of 2-ton capae, operated by 3-drum hoist. Ma* effic distance from shaft to Attorn of inclined face 
ia about 600 ft. When the room, producing about 75 000 tons of salt, has advanced that diatanoe, 
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a ■imilM' room turned at a right>angle about 120 ft from abaft, the eoraper hoist ia moved oppoaite 
to it, and a V>elt conveyer ia installed in the firat room to tranafer aalt to ahaft. A correapondinK 
room can then be turned in oppoaite direction and worked without ahiftinc hoiat or extending con- 
veyer; the 2 rooms maintain production for about 2 yr before moving equipment again. 

Il’Kann mine, N Rhodesia. Serapers are used in sub-level open stopes, when the 
dip is less than 50**, and in connection with rock chutes delivering ore by gravity to footwall 
haulage tunnels (528). Stope widths, in direction of strike, are 35 ft (under weak roof) 
to 80 ft; length on dip, up to 150 ft; scraper drifts are usually at 12f^ft vert intervads. 
For details, see Bib (528, Dec, 1035). Hoe-typo scrapers are 60 in wide and weigh 2 400 
or 2 800 lb; respectively operated by 50- and 100-hp motor hoists. A bracket bolted 
outside of one end aids in righting scraper if it overturns. Tail-rope blocks, 14-in diam, are 
fastened: (a) by 2 or 3 eyebolts wedged into holes and connected by chain from which 
the block is suspended; (5) by a {liece of ^/ 4 -in wire rope, clamped around a thimble, and 
its ends wedged and cemented into 2 holes 4 in apart and 2.5 ft deep; a row of Such dings 
is connected by chain across top of stope and tail block attached where needed. Scraping 
may be continuous, or on 2 shifts; a 35-ft stope may yield 6 000 tons a month; larger 
ones, 10 000 tons. Blasting of bmlders facilitates scraping and passing through the 
griszly with 22 -in openings. A scraper crew, working 2 or 3 stopes, comprises 1 European 
and 12-15 natives. Cost of scraping during a O-mo period, 7.2 d per ton, including labor, 
explosives, supplies and power. See also Roan Antelope mine. Art 43. 

Pickands Mather & Co. Study of slicing with scraper-loading into 60-cu ft hand- 
trammed cars, at the Bennett mine on the Mesabi Range, showed that loading and tram¬ 
ming consumed 30% of the time for a complete cycle, the slices being 50 ft long, 10 ft wide, 
12 ft high (268). Substituting a scraper for cars in the transfer drift (terminating at a 
chute delivering to main haulage-way in footwall) and working 2 slices at once from 
opposite sides of this drift (3 men taking the place of previous 4), increased man-shift 
output from 27 to 30.8 tons where transfer drift was 150 ft long, and from 24.5 to 30.7 tons 
in a 200-ft drift, an increase of 25% in latter case. Nece.ssity for building and moving 
scraper slides was also eliminated. Same Company’s Utica Extension mink (Art 71) 
was thereupon developed for scraper handling exclusively; ore bed, 10-12 ft thick, is 
nearly horiz but slightly undulating. Transfer drifts, 6 by 6 ft, were driven from tops of 
footwall loading chutes along bottom of ore to boundary of tlie block to be mined; these 
drifts averaged about 340 ft long and required no uniformity of grade (an added economy 
over car transport). Alices were started on both sides and at right-angles to end of 
transfer-drift, and staggered by width of one slice (Fig 482). Each slice was worked with 
a box scraper 42 in wide, IS in high, and of 10 cu ft capac; this proved better than a higher 
14-cu ft scraper. Scraper hoists were 7.5-15 hp, with 440-v motors. Transfer drifts were 
floored about 4 ft wide with 2-in plank; the box scraper used here was 43 in wide and 30 in 
high; normal capac, 24 cu ft. but actual vol dragged over floor was about 29 cu ft. A 
scraper 60 in wide had less loading effle. Puli rope diam, 0.5 in; speed, 450 ft per min; 
tail rope, */ 8 -in diam; speed, 550 ft; return tail rope was carried on 6 -in sheaves along 
drift. Operation and reversing of the 35-hp hoist at chute end of drift was entirely 
automatic, though under control from cither end of scraper-road; speed was retarded 
within an adjustable distance (usually 25 ft) from each end; overwinding at either end 
was also prevented automatically. By this plan, 1 miner could watch the transfer scraper 
and operate the feeder scraper in 1 slice while 2 others were drilling or timbering in opposite 
slice; output of 23.7 tons per man-shift was thus attained. 

Woodward Iron Co. The upper bench (10-12 ft thick) of the "Big Seam" hematite at Bessemer, 
Ala, ia worked by a room aud pillar method (Art 40), loading c&rs almost entirely by scrapers (177). 
Dip is gentle but variable. Main haulage-ways are 12 ft wide, but widened for double-track oppo¬ 
site bottom of each room. These are turned 12 ft wide up the rise at 76-ft intervals, beginning at 
property line, and driven for 25 ft with band loading. Scraper,slide, then installed, is mainly of 
12-in, 25-lb channels, 16 ft long; bottom requires 12 channels, flat side up, bolted together, and 
supported by trestle near outer ends. Double-drum, 65-hp hoist, on a self-propelling truck, serves 
3-5 rooms alternately, standing on side track opposite the slide. Beyond its neck, a room advances 
30 ft wide, to the next higher haulnge-way, usually 220 ft (sometimes 300 ft) and is then stripped 
10 ft on each side, making .50-ft rooms and 25-ft pillars. A round of 14-18 8-ft holes, by 2 or 3 
tripod drills, breaks 100-125 tons per drill-shift. Box-type, 3 100-lb scraper loads out 2 rooms while 
a third is being drilled and blasted, and 2 others are being started. Including a slice finally taken 
from wall of haulage-way, first mining yields about 65% recovery, increased to 75% by splitting the 
pillan. 

Flin Flos aulphide ore is exeeasively bard, and breaks into large, angular pieces; it ie 
mined by sub-level open stoping (Art 43) and as the surface equipment includes a 42-m 
crusher, no effort is made to break ore in stopes smaller than 36 in (565). A stope 300 ft 
long (dip 70°) discharges through 8 untimbered raise chutes,.40 ft apart, into a “scram'' 
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drift, each end of which ooameots through a griazly raize with main haulage croaaoute 12 ft 
below (Fig 279). The chutes are inclined at 50° and offset to footwali side of drift, so tiiat 
broken ore rolls onto the floor and is bulldozed if neoessaiy. At each end of scram drift, 
and beyond the grizzly, a 75-hp, double-drum hoist operates a scraper, dragging ore from 
the nearest 4 chutes, or 150 ft max travel. Scraper is of arc-hoe type, 6.75 ft wide, weighs 
2 800 lb, and divers about 5 tone per trip, or 500 tons in 8 hr. Haul rope ^ /g-in, t^ rope, 
>/ 4 -in, passing over 24-in sheaves. Floor of drift is laid witii longit 40-lb rails, 2 ft apart, 
to reduce scraper friction. 

El Potosf mine. Chihuahua, Mex (see Art 37). Scrapers are utilised in the glory-holes 
in chimneys and thick mantus (when the benched area becomes too wide for gravity dis¬ 
charge to central chute) and especially in open stop)es in thinner mantos, opened through 
raises from haulage drifts in footwali (174). In 1933, scrapers handled 154 750 tons, or 



34% of total output. When suitable, scraping saves 10-30ji (U S) i>er ton over hand 
shoveling, duo to increased output per nian-ahift; it has also permitted working of numer¬ 
ous otherwise unproStable orebodies. Hoe scraper, made in Co shops, is 3 ft wide and 
15.5 in high; back plate is curved to 16-in radius, and has replaceable edge; ropes are- 
strands from discarded 1.25-iu shaft-hoisting rope. Preferred hoist has 3 drums, with 
15-hp motor; as compared with a double-drum, this hoist can scrape a larger area from 
one set-up, and with less freciuent shifting of tail-rope. sheaves. Scraping distance is 
normally 100-125 ft; occasionally 150 ft, with some loss of effic unless a higher-speed 
motor is warranted. Fig 656 shows scraper installations in a typical manto slope, worked 
by underhand benches to height of 40-65 ft above a nearly horiz floor. (See also Sec 27.) 

Golden Messenger mine, York, Mont. Scrapers move nearly all the ore from stopea, 
about 126 tons a day (Art 40). Veins. 4-10 ft wide, dip SO^-GO® (aver 40°), and are often 
interrupted by stop faults of small throw; these produce an irregular footwali, and require 
numerous pillars (Fig 245). Slopes are worked l)oth over- and underhand, through drift 
chutes 15-30 ft apart. At chutes 60-75 ft apart, scraper hoists with 7.5-hp motors are 
mounted on top of drift sets. By adjusting snatch blocks, ore can be scraped into chutes 
40 ft on either side, as well as into the hoist chute. Duo to small capac of chutes at this 
low dip, ore is often drawn into stock piles at points where it can be reached quickly when 
chute is being drawn. Drag of 125 ft is about the limit for these hoists, using 36-in box 
scrapers. Similar scrapers are installed inside of the stopes, aiding flow of ore over high 
spots in floor, through openings between pillars, and to within reach of chute scrapers (60). 

Witwatersrand. Data from C. L. Butlin (559) in 1930. Adoption of single-hole 
benches drilled by jackhammer, together with reduction in sloping widths, greatly 
incn>ased the area from which ore had to be removed to maintain the output. At Mon- 
DERFONTSIN MINE, for exainplc, in 1923 each 100 ft of stoping face produced 23 tons per 
shift; in 1928, the aver was only 10 tons. Experience with shrinkage stoping (Art 33) 
and scraper loading has shown the most favorable conditions for such work to be: (a) stope 
face straight and nearly parallel to dip; (5) absence of faults, and of roof supports in 
scraper path, (c) scraper pull not longer than 200 ft, sometimes requiring a subdivision 
by intermediate haulage levels. Breaking and scraping are conducted alternately in 
adjoining panels, the scraper removing about 40% of ore broken and thrown back freon 
face; rest remains in shrinkage pile for subsequent disposal by another scraper (Fig 196). 
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.Comp-air» lO-hp motors were usual; now replaced by larger eleo motors. Rope speeds, 
60-100 ft pel min und«r load, and 100-180 ft empty. Scrapers could handle 13-16 tons 
per hr; actual performance, about 37 tons per scraper-shift, employing 6 or 7 nativw for 
entire work. Aver of 5.5 tons per man-shift compares favorably with effic of former hand 
shoveling in wider stopes. Advantages of scrapers used in dirinkage stopes, as proved at 
Modderfontein, are: (a) ability to work with good efEo in thin reefs (36 in or less); 

(b) saving in labor by eliminating hand shoveling und^* adverse conditions; (e) reduction 
by 85% of car trackage required in hand-loading stopes. For further details of scraper 
practice, see papers by H. Clark and R. B. Smart (556). 

Power-shovels in stopes. The utility of these shovels in stopes, as contrasted with 
headings (Art 20), is limited to nearly flat orebodies with height of at least 9 ft, worked 
in wide, open stopes, as in S £! and S W Mo. Under these conditions, a caterpillar shovel 
has following advantages over a scraper: (a) greater flexibility, as it can move freely in 
stope, and from one stope to another; (b) ability to load cars without need for a slide, 
and at any place to which cars can be brou^t; (c) docs a completer job, leaving less ore 
to be cleaned up by hand. Examples follow. 

Hartley mine, Tri-State District A caterpillar-mounted, elec-driven, dipper shovel 
in 1932 loaded part of output of this mine into 32 by 32-in cans, standing on trucks 13 in 
high above rail. Motor, 15-hp, chain-drive, has enough power to move boulders several 
tons in wt. Dipper is specially designed for loading cans. Shovel can work in a room 9 ft 
hig^. Diiring a test period of 127 working days, the shovel loaded 16 565 tons (24 516 
cans) at following cost per ton: Connected energy charge, 0.382(i; power consumed, 
0.946^; depreciation and repairs, 3.070^; interest, 0.776^; labor (1 operator, 1 helper, 
1 extra trammer), 7.830^; total, 13.004(1. At same time, hand loading by contract 
(averaging 35 tons per man-shift) cost 21.202(1 i>er ton, plus 0.167(1 for wear of tools; 
total 21.369^ per ton (323). 

Barr mine, Tri-State District. Tn 1929, 30% of the output was loaded with dipper-type (10-cu 
ft), elec-dnven (25-hp) caterpillar shovels into 1.5-ton cars hoisted on self-dumping cage (unusual in 
this district). Cars were loaded alternately on both aides of shovel. Usual duty was about KX) cars 
per shift of 3 men, or 49 tone per man-shift. Contract price for hand-loading from plank floor was 
38 to 41.5^ per car (25-284 per ton); aver duty, 24.9 tons per man-shift. Shovel thus doubled out¬ 
put per man, and reduced labor cost per ton (shovel crew totaling 813 per shift) to about one-third 
that of contract hand loading (143). 

St Joseph Lead Co, S E Mo. This Co has made extensive use of the Thew shovel, 
modified in some details. It is elec-driven, has caterpillar traction, but is transported 
from stope to stope by climbing onto a truck hauled by loco. At Mikb La. Muttb, the 
shovel is rarely moved into a stope until 400-500 tons of broken ore has accumulated, 
which it then loads into 48-cu ft (2.7-ton) cars, 42 in high, at rate of 160-300 tons per 
shift. Cars are moved by cable-reel loco. Shovel needs min headroom of 6 ft 2 in (560). 

92. <‘SAND FILLING’’ OF STOPES IN METAL MINES (See also Art 110) 

General. Sand or similar granular material has following advantages as mine filling: 
(a) rapidly and cheaply transported by air, water, or both; (5) spaces can be filled solidly 
and completely, and in places inaccessible or costly to reach by other means of transport; 

(c) when well placed and drained it has greater compressive resistance than any other 
material except concrete; (d) at any mine equipped with a nearby concentrator or cyanide 
plant, abundance of suitable sand is usually assured; (e) ultimately, when well settled 
and not violently disturbed, sand will stand unsupported in an almost vert face; if it 
contains iron sulphides, it may become, through oxidation, almost as firm as rock; at 
Home mine (Art 43), pyrrhotitc mill tailings are added to coarser filling for this reason; 
(/) solidly placed sand, being almost impervious to air, prevents short-circuiting of ven¬ 
tilating currents throtigh stopes thus filled. Sand and even coarsely crushed material 
(max size about one-third diam of conducting pipe) has been conveyed by low-press air in 
some European coal mines, and sand < /s-in max size by high-press air, at Champion mine, 
Mich (Art 63); but water is commonest transporting agent, as in following examples (note 
use of air jets in conjunction with water at Hodbarrow mine). The gold mines of So 
Africa have widely employed sand filling, utilizing the leached residues from cyanide 
plants. Method was first; applied to reinforcing shaft pillars and important underground 
stations; later to support of heavy ground in general, especially to aid extraction of 
pillars and other remnants, or recovery of ore temporarily used ae filling for “pig-styes." 
In some mines, sand filling has been placed close to faces of active stopes. According to 
R. S. G. Stokes in 1936 (195), sand filling has been abandoned in mines of Central Rand, 
though still advantageously employed in some deep mines of Far Eastern Rand, as where 
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parallel gold-bearing “leaders” have been found in hanging tvall of main reef; in such 
cases, sand serves as footwall for further developments. When a suitably situated shirft 
is not available, special boreholes, 7-11 in diam, are shot-drilled, at cost of about $4 per ft, 
for dropping sand. A large mine usually needs at least 2 such holes; New Modder has 
used 8 holes to distribute 3 000 tons of pulp per day; Simmer A Jack had 2 boreholes 
besides pipe lines in inclined shafts. Government Gold Mining Areas has 2 holes 1 000 ft 
apart and drops 4 000 tons of sand (dry wt) in 8 hr (576, 630). 

Details of So African practice. Following notes are from papers by E. Pam, W. A. Calde¬ 
cott, O. P. Powell, B. C. Gullachsen, R. E. Sawyer, and others, on practice between 

1910 and 1916 (251, 329); more recent 
data are fragmentary (576, 589, 630). 
Preparation of stopbs. Fig 657 
shows typical hlling operations. Bar¬ 
ricades aro erected in box-holes between 
level-pillars, and along the sides of 
areas to be filled; where possible, work 
is so arranged that faults, dikes or 
shaft-pillars are utilized to retain filling. 
On fiat dips, the sand is sonictimes 
shoveled up to make a dam along the 
side of area being filled {AB, Fig 657); 
to do this, the pulp must be very thick. 
Construction of barricades depends 
on their position and length of time 
they are expected to stand without 
rotting. After draining and taking 
Fig 657. Sand Filling, Transvaal Gold Mines weight from the hanging, sand com- 
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pacts so that a free face of fill will 
stand witliout support. Hence, barricades may only be needed for the period of filling 
and draining, though for safety they are best kept unbioken during the life of the 
level. If there is danger of running water entering the stope, the barricades must be 
strong and permanent; the water should isolated and piped off through the fill; other¬ 
wise, it may develop a disastrous hydrostatic pressure. The types of barricade in Fig fi-IS 
have been successful: (a) and (e) are common at bottom of open stopes; ( 6 ) i.s built in 
box-holes; (d), less expensive, is used on sides of filled area; woven wire, 6 by 18-in mesh, 
is sometimes used instead of split lagging for support of cocoa matting. At Simmer & Jack, 
cost of such barriers, 6 ft high, is 7 sh per lin ft. Treatment of bands. Cyanide salts break 
up in tailing lying on the edges of old 

dumps, exposed to air and sun; such vmkxhh K PoiotaM 

material may be sent underground with-_ 

out danger. But, to save cost of rehan- J y 

dling, tailing direct from the cyanide vats 

(“current tailing") is most frequently , iim«> 

utilized. Current tailing requires oxidiz- \ 

ing treatment to destroy cyanide salts. 

KMn 04 and bleaching powder are com- cross-sec (b) vert crme^scc 

monly used, the amount depending on S M t aair fkaji 

strength of the last cyanide solution g^i^^crfvBted im» hm. 

used, and on moisture content of the * ai.ii« '• 

sand from the vats. At Simmer & Jack 4 inf,pj » M.'ii''’'’ 

mine, the tailing conttdns 12 % moisture, 

carrying up to 0.0J% total cyanide. (c) vert cross-sec (iDvert cross-seo 

of KMnC^ is used j-jg 553 Types of Barricade fo Sand Filling on 
(5% solution) per ton of sand. Frequent the Hand 

moisture testa are made on the pulp en¬ 
tering the borehole, which has never contained more than 0.0025''o total cyanide, and no 
traces of HCN have been found in stopes being filled. As Rand sands contain H 2 SO 4 from 
decomposing pyrite, soi.u- alkali (as lime) is added to prevent generation of HCN. At East 
Rand Proprietary mine. In 1916, ashes from coal were found to contain enough CaO and 
CaCOj for this purpose. Siiine r>bould be removed from sand to be used as filling, since it 
retards drainage through bar-iers; this is done by classification in the mill or in cones 
erected usually close to point of discharge to underground. Govt Gold Min Areas has a 
battery of 16 cones, 9 by 9 ft, at each of its 2 boreholes, receiving 1 : 1 pulp through pump 
and pipeline from mill 2 miles away. In former years, Rand tailings were mainly coarser 
than lOO-meeb; later tendency towards finer grinding has diminished somewhat the pro- 
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portion of eand most suitable for filling. Passino SAim to btopbs. Boreholes for this 
purimse, 7 11-in diam and uncased, are so located as to minimise cost of lateral handling. 

Their up-keep is nil. Clogged holes are easily reopened by running into them a small 
stream of water. Sand may also be conveyed through pipes in a shaft ladderway (note 
use of a wooden box for fairly dry 
sand in Cinderella shaft, below). 

As delivered to boro-boles, thick¬ 
ened and de-slinied pulp usually 
has about 70% solids, by wt, re¬ 
quiring a slope of 30% (17“) for 
satisfactory flow' in such launders 
as may be needed on surface. 

' Underground, the pulp, usually 
diluted to atout 1:1, is carriod 
laterally to the stopes from the 
borehole or shaft in pipes or open 
launders. Launders are best if 
the requisite grade is obtainable. 

Fig 659 published by W. A. Cal¬ 
decott in 1914 (329), sliow's the 
launder grades for carrying Rand 

tailings in pulps of different fluidity; it is platted from following formulas: 
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where W »■ ratio of water to solids, by wt; P = per cent of water, by wt; G = grade of 
launder, per cent. These formulas are based on observations (within the limits platted) 
upon flow of pulp iinder large-scale working conditions; they refer to ordinary mill sands, 
containing about 4% pyrite; as much as 10% of the solids are retained on a 0.01-in 
aperture screen. The exact grade varies with many factor.s. “In general, the conditions 
tending to require increased launder grade or higher water ratio are; small volume of 
pulp, frequent sharp curves in launder, wrong shape and rough internal surface of launder, 
unevenness of grade, large size of sand particles and high percentage of pyrite. Conversely, 
a large volume of pulp flowing in a well designed and laid launder without curves, and con- 



Fig 660. Launders for Handling Sand 
Underground (Rand) 
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Fig 661. Drainage Launder for Band 
Filling (Rand) 


taining much slime and few coarse or pyritic particles, requires le.ss grade than is usually 
needed for sand pulp. In installing a launder, it is desirable to increase the grade by say 
20% around curves, as w'ell as for some distance at the head of the launder, to overcome the 
initial inertia of the pulp” (Caldecott). Fig 660 shows forms of launder. The simple 
V launder (a), with hardwood liner, is good and easily shifted. Typo (c), with concrete 
liners 3-ft long, has been used in the Robinson mine. Launders are laid on the floor of 
the level or hung from the roof; they may terminate near the top of the stope or be car¬ 
ried down the dip (Fig 657). Pipes, required for moving sand horizontally along levels, 
wear fast and are turned frequently to distribute wear. Ordinary C-I, steel, and woodf 
lined pipe, and some with porcelain lining, have been used; wood-lined pipe was populai 
at first, but gave trouble and is now little used. Steel pipe is preferable to that with 
special linings and in flat places has a long life; at Village Main Reef mine, on unlined pipe 
passed 75 000 tons of sand before the wear was considerable; vertical pipe wears fastest. 
After stopping and before starting the sand, clear water is rm through the pipes for a few 
minutes, to prevent clogging. If the depth is great and the flow in a vert pipe too rapid, 
hoppers may bo inserted every 300 ft. See Art 110 and examples below ^or data on the 
boriz length of pipe through which sand may be forced by the head in a vert pipe. Drain¬ 
ing SAND IN STOPES. Water runs off from the sand through pipes or filter beds in barri¬ 
cades at the sides and bottom of filled areas. Drainage launders (Fig 661), laid on the 
footwall and extending through the barriers, were formerly widely used, btfniave lately 
T —’’in 
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been largely elimuxated. Coer or band filunq (Table 63.) In 1631, eoets at Wit* 
waterarand Deep and Simmer A Jack mines were reported as 15^, and at Moddw Deq> 
Levels, as 13^ per ton of sand (576). Filling operations should be continuous rather than 
intermittent. If current tailing is used, the cost of rehandling at dump is avoided; the 
water content of pulp should be as low as possible, to reduce pumping cost. 

Table 63. Cost of Sand Filling, Witwatersrand 


Mine 

Period 

Aver tons 
lowered 
per month 

Aver cost per ton, cents 

Per cent 
of coat on 
surface 

Surface 

Underg'd 

Total 

Simmer A Jack. 

9 mo 

19 171 

6.73 

13. II 

mxsM 

33.9 

East Rand Erop. 

Aver mo 

19 490 

4.64 

9.22 


33.5 

Witwatersrand Deep.. 

12 mo 

27 387 

7.64 

7.48 

maSm 

50.5 

Bobimon Deep. 

4 mo 

25815 

3.55 

15.29 


18.8 


Examples. Robinhon mink (data from E, Pam). The plant handled 200 tons of dump sand 
per hr, which was sluiced or conveyed to a brick lined bin (500 to 600 tons capacity) near hoisting 
shaft. A 0 by fr-ft tunnel ran from side of bin to the shaft; bin sloped 30% toward the tunnel and 
discharged through 30 by IS-in holes into which water was sprayed; the launder in the tunnel sloped 
20%; sluicing water at 50-lb pressure was supplied to launder through 2 by 1/g-in nozsies, the mix¬ 
ture in launder being 35 to 40% water by weight. At the shaft, the sand flowed down a 5 or 6-in 
unlined pipe, with loose flanged joints so that sections could be readily turned or replaced. Pulp 
was distributed laterally to stopes in pipes; on the 2 000-ft level, a 60U-ft length of horis pipe was 
used successfully. Stopes were prepared (Fig 657) with bulkheads composed of stulls and lagged 
with 1.5-in plank, which fitted close to floor and roof, all crevices being calked with hay. Excess 
water ran off top of filling through 12-in apertures in the side barriers; these openings were blocked 
up as the sand level rose. Area to be filled should be as long as possible, to reduce pressure on 
barriers and give free overflow for water. It was planned to fill working stopes, as well as old ones. 
Barriers imperviosis to water require greater strength, since, due to its incompressibility, any water 
left in sand transforms roof pressure into lateral pressure; such barriers were not used elsewhere (see 
below). Robinson Dsxp minb (Caldecott and Powell). Current tailing in form of thick pulp was 
run by a small stream of water containing KMnOi through a tunnel and borehole to the stopes. 
Tunnd was 4.5 by 6 ft, 1 125ft long, and ran from sand plant at 36.4% grade, intersecting the bore¬ 
hole 390 ft below surface; it had a vert grizzly across it. The borehole was 10 in diam at surface and 
7 in at 1 729 ft depth. The sand in borehole contained 23% water. Underground handling was like 
that at the Simmbb A Jack mine (Caldecott and Powell, A. R. Hughes). Sand was trammed from 
cyanide vats to a mixing box 10 by 5 by 4 ft, where water containing KMnOf was added. The 
pulp (3.5 parts water to 1 part sand by wt) was pumped by a 4-in centrifugal pump through a 
6-in pipe, 900 ft to diaphragm cones erected on surface at the mouth of a 6-in borehole. The under¬ 
flow of the cones, containinK 30% moisture, was delivered to the borehole by launders with a 30% 
grade. Two 8-ft cones, handling 200 tons per 10 hr, eliminated much of the slime. At bottom 
of the borehole a wooden launder, 9 by 7 in, sloping 15°, conducted the pulp to stopes, more water 
being added. In 1910, bulkheads at sides of stopes were of 3 by 9-in plank, supported by 8 by 8-in 
Stulls; planks were perforated and covered with cocoa matting. Box-boles at bottom of stope were 
blocked by building a dry wall across them, through which a 6-in pipe projected into the stope. A 
wooden drain launder (Fig 661) ran from the pipe to a point 2 to 12 ft above top of sand; upper side 
of launder was covered with cocoa-matting filter frames. Later barriers had an ash-clinker filter 
bed (Fig 658). Cinderella Consol mine (R. £. Sawyer). Sand from edgra of old dump was con¬ 
veyed to shaft by mechanical haulage and dumped into a vert wooden conduit, 12 by 11-in cross- 
see. The conduit gave no trouble from wear or clogging when sand contained less than 5 to 6% 
moisture; wetter sand collected on the sides and gradually choked it. The conduit, 3 900 ft long, 
discharged on a steeply inclined plate, from which a stream of water washed the sand into a launder; 
thence, after mixing, it was delivered to the stopes by pipes or launders. Capacity of plant, 400 
tons per shift. Filling actually reduced pumping, as sand sent down averaged 3% moisture, while 
that in stopes retained 10%. This system is stated to bo cheaper than flushing from the surface, aa 
the plant is small and pumping is reduced by sending down dry sand. Witw.atersrand Deep 
MINE. 12 000 tons per month of current sand was sent underground, part down a borehole and part 
down a irinse; practice was similar to that at Simmer A Jack. Filling entering mine contained 
28% moisture; pillars and hitherto inaccessible ore were mined under its protection. 

Matehambre, Cuba. Data from D. D. Homer in 1938; eee also Bib (237, 590) and 
Art 62. Conveying mill tailing to stopes through rubber-lined steel pipe has been 
successful since July, 1927; special advantages: (1) reduction in cost of placing fill to 
about 29^ per ton, against 5^ for surface material (shale) previously used; (2) an increase 
of about 33% in rate of output from a given sloping area, due to more rapid filling. Total 
economy estimated at $1 per ton mined, at 1930 wages and normal 30 000 tons per month. 
Current mill tailing (quarteite and shale), or as much as needed, is de-slimed in 2 Dorr bowl 
classifiers, each set close to top of a raise connecting with underground; one, 7 by 29 ft 
with 21-ft bowl, is 200 ft higher than foot of mill and, supplying a few upper levels of 
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mine, i» fed by a Wilfley pump; the othw, 6 by 27 ft with 16-ft bowl, fed by sn^vity, 
eumpliee lo^er levels; ei^er can treat -whole flow of tailing. As received, tailings aver 
49% finer than 200-me8h; as discharged, sands are 49% coarser than 65>medi and 97% 
coarser than 200>meBh; about half the mill tailings is thus available for filling, and supplies 
60% of all material required (remainder coming about equally from ore sorting and rock 
development). Such sand compresses 11.2% by vol at 1630 lb per sq in, and 18.2% at 



3 060 lb; dime, unless removed, tends to filter out of stopes into drainage ditches and 
sumps. Classifier rakes discharge into a screen-covered hopper, where water is added, 
by a spray above and a 0.75-in hose below it, to make a pulp of about equal parts water 
and solids, by wt (sometimes 50% excess water). Outlet from hopper hu a tell^, bronae 
bushing, flanged to delivery pipe. When not in use, it is plugged to avoid trickling of dry 
sand into the pipe. 

Early experience proved that, in main lines, ordinary steel pipe last^ only about 2 
weeks; extra-heavy pipe, 3 weeks. All main lines were then installed with rubberdined 
pipe, -S.S-in outside, 2.6-in diam inside of 0.25-in rubber wall. Pipe is in 12-ft lengths, 
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with 7.6-in, 4-hoIe flaneen; rubber is flared outward over face tjS flange to diam of 4.76 in, 
forming a gasket permitting some angulm- deflection at joints and preventing access of 
sand behind the rubber. After passing 600 000 tons of sand in 7 years, no piece of straii^t 
pipe has had to be replaced because of wear; coirosion and some wear at curves have 
required replacements. Branches are at angles of 15° and 30°, also flanged, and always 
placed where flow is not retarded by a curve. Pipe is bent cold, to match an iron rod bent 
to desired curvature underground. Pipe is protected against acid water by painting and, 
in very wet places, by an inverted trough of light boards. Ordinary 2-in pipe is still used 
in less active branch lines, and at entrances to stopes from levels above. Special fill raises 
are no longer required; manways and ventilating raises, as much as 300 ft apart, serve for 
the filling lines. Whole installation is calculated on basis that 100 ft vert bead will propel 
the 1 :1 pulp 300 ft through horis pipes. Rubber-lined pipe has conveyed as much ac 
36 tons of sand per hr; in one case, a vert head of 290 ft discharged 12-15 tons per hr 
through 940 ft of horiz pipe with several curves; in another, a 939-ft head discharged 
25 tons per hr through I 800 ft of horiz pipe with 1 bend of over 90° and one over 45°. 
In 1938, filling was in progress on 2l8t level, 1 79^^ ft (vert) below foot of mill, and 22d 
level was under development. Main system of rubber-lined pipe for supplying lower 
levels included about 3 700 ft of horiz and 3 200 ft of vert or steeply inclined lines 
(Fig 662). 

On completing an overhand horiz slice to height of 12 ft above fill, cribbed chute or 
manway is raised 6 ft and wrapped outside with 10-oz burlap, upper jackets overlapping 
lower; bottom edge of lowest jacket is anchored W'ith rocks and sand. Burlap may 
also be laid over old fill, cspci'ially at places where channeling is suspected. Sand is 
directed first to ends of stopc, through 40 ft of 2-in, 4-ply rubber hose. A shallow sump is 
dug near the chute, whence excess water is siphoned down the chute through 1.5-in, 4-ply 
ordinary hose in 2.^ft lengths. Eventually, the whole stope is filled nearly level with top 
of cribbing. Sumps for mine pumps are of extra large volume to permit thorough settle¬ 
ment of slime in returning fill water. 

Labor per shift for sand filling includes; 1 boss, 3 men in stope, 2 pipe men on main and 
branch lines, 1 man at classifier. Flow is diverted from section to section of mine by dis¬ 
connecting and re-connecting pipe lines; no valves are permissible. Before starting to 
discharge sand from classifier, the pipe line is flushed with water (50 gal per min); amount 
is gradually reduced to 1 : 1 ratio when classifier begins to discharge sand. At ending 
of fill, procedure is: stop flow of tailing to classifier (diverting to tailing pond); increase 
wash water to 50 gal per min; stop classifier after it has emptied itself; continue wasli 
water for 15 min. Cost of placing 25 587 tons of sand during 6 mo of 1934 was 29i per 
ton, including; labor, 14.10^; burlap, 2.98^; pipe, 1.74^; misc, l.Sljf; pump parts, 1.48fl; 
power, 0.89fS; pumping fill water from mine, 

Homestake mine. Data from A. J. M. Uoss (331) in 1939. For ore occurrence and 
mining methods, see Art 68. C'yanide-plant sand tailings, available at rate of 2 100 tons 
per day, were u.ied first to augment and consolidate coarse filling; more recently, as sole 
material for delayed filling of both shrinkage and square-set stopes. Hand, averaging .50% 
finer than 200-me.sh, is sluiced from cyanide vats to a Dorr dewaterer 12 ft diam by 6 ft 
deep, and discharged at about 60% .solids to a header leading underground. There are 2 
such installations, serxnng different parts of the mine. At plant No 1, the pulp first 
deBcend.s vert 756 ft, then nearly horiz 2 560 ft on the 1 100-ft level, thcnc-e vert to the 
2 600-ft level. At plant No 3, entrance is by 45° incline 300 ft long, then 1 334 ft on — 2% 
grade on 500-ft level, thence vert down the Ellison shaft to the 2 150-ft le^'el (as of 1939). 
Laterals extend from the shafts on each level; 100-ft head propels 300 ft laterally. Main 
headers are of 6-in pipe, with 3/ig-in rubber lining, giving 5 5/g..in inside diam. Ends of 
pipe sections, and the rubber lining, are flared 1.5 in outward at 90°; adjoining sections are 
brought together by 12-hole, loose flanges, Fig 662a; curved sections are bent to 10-ft 
radius. Lateral distribution is through unlined, 4-in steel pipe (commonly, discarded 
comp-air pipe). Comiection between vert header and lateral pipe is through rubber-lined 
T and bell reducer, similarly connected by loose flanges. Hand is diverted into a lateral 
pipe by inserting a rubber-covered blind disk, I/2 in thick, with bolt holes bored to corre¬ 
spond with flanges, between lower leg of T and the next lower section of header. Laterals 
above the one momentarily iv use are similarly clo.sed by blind disks on the side legs of the 
Ts. Since both the T and licll reducer on the 4-in pipe are fixed, a “dummy” Hinlr, of 
same thinkness, but having a 5.5-in central bole, is also inserted at all T-joints through 
which flow is to be maintained. Reversing the disks at a T requires about 40 min. 
Standard valves, at first used, proved too expensive to maintain. 

Preparatory to filling an emptied SHRiNiuvaE stops, some of which are more than 150 ft 
high, all drifts or crosscuts, leading to drawholes, except one, and any other openings from 
sublevels, are bulkheaded with 2 layers of 12 by 12-in timbers, 0.25 in apart, and oovered 
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inside with 12«os burlap, Fig 662a. Ends of all 
walls, floor, and roof of the drawhole drift. 
Just inside the one unclosed drawhole, a square- 
set raise, lagged and burlaped on 3 sides, is 
started close to the stope wall, and continued 
upward a little in advance of the rising levd of 
sand (compare Matahambre, above); this raise 
later serves as air and manway, when the pillar 
is to be mined. Wherever possible, sand is de¬ 
livered into the stope through an opening from 
level above; occasionally by a riser from the 
stope level. Filling a squabb-set erorB, which 
is usually 7 sets long by 3 sets wide (the 6 by 
6-ft sets having 9-ft posts on sill floor, 8-ft posts 
elsewhere), involves close lagging on all sides with 
3-in plank, burlaped on inside; floor boards are 
then removed. A manway (middle set on one 
side of stope) is similarly lagged, <'xcept that 
each piece of lagging. 8-12 in wide, on the side 
facing the middle of the stope, has a 2 by 12-in 
slot, which, as sand builds up, are successively 
clos^ by wedges, surplus water o^’crflowing 
through the next higher slot. Sand is delivered 
through a riser in the manway, terminating at 
top in a horiz pipe discharging as far as possible 
from the manway. Thi.s method has worked 
successfully with 1 400 ft of pipe in the drift 
and a 75-ft riser. An aver square-set stope can 
be filled in 8 hr on each of 3 successive days, 
which allows time for each run, of about 700 
tons, to drain and .settle before the next addition 
of sand. A siU-floor set takes about 15 tons; 
other sets, 12 tons each. 11 formerly took more than 
2 weeks to fill such a stope with coarse waste. 


timbers are cemented into hitohee in. 



To 

Jcroiwut 

Bulkhead at Bottom of Shrinkage Stops 

Fig 662a. Details of Sand Filling, Home- 
atake Mine 


Hodbarrow min^, England, applied sand filling to recover 1 000 000 tone of hematite in 2 widely 
separated remnants of a thick, almost honz bed, of which about 00% had been removed by top- 
slicing (591b One area was covered with glacial clay and gravel; other had limestone roof, and lay 
under surface reclaimed from ocean. At both placee, dune sand in a bed 15 ft deep was available close 
by. In the first area, fill was flushed down an 8-in steel pipe in a 240-ft shaft; at other, down 2 bore¬ 
holes (a third in reserve) 350 ft deep, cased with 7.5 and 9-in pipe. At each hole, about 17 1(X) cu yd 
of sand (enough to replace 57 700 tons of ore) was obtained within a radius of 170 ft by flushing 
through a launder on 5° slope; top of casing pipe was cut off in successive segments until 1 ft below 
top of clay underlying the sand, and covered by plate with 0.764n holes. Subsequently here, and 
from start at shaft location, sand was delivered by loco with 7-cu yd, side-dump care loaded by 
3-tati crane. Three men delivered 260 cu yd in 8 hr, replacing 850 tons of ore. Each borehole required 
100 gal water per nun; at shaft, sand was dumped into a brick-walled pit, from which it was flushed to 
column pipe with 2 water jets from 3-in pipe; pulp averaged about 1 : 1 ratio, by vol. DisTBiBVnoir 
at bottom was through 4-in iron pipe. At first, pipe lines were laid to grade of —or more; later, 
use of air-jets, through a Vs-in orifice bored on center line of OO” elbow with 14-in ra^us, greatly 
accelerated flow and permitted parts of a line to be laid on an up-grade. I.ongest line (to May, 1930) 
was 900 ft, including many bends and 300 ft of +1% grade; it had 3 air jets about evenly spaced and 
supplied at 60-70 lb press. * 

Usual slices in the mine were 60 ft long, 10 ft high, 10 ft wide; bottom and one side were previ¬ 
ously placed sand; top, end, and other side were ore. Before filling, all ore exposed on wall was 
curtained with brattice cloth hung loosely on a roa* of stuils; entrance to slice was dammed with 
plank only 2 or 3 high at start, and every possible leak was stuffed t*ith hay. Filling was then run 
in at rate of 112 cu ft (6 tons) of sand, per hr. Allowing for delays, a slice could be filled about 25 
times faster than it could be mined by hand, or 11 times faster than when machine-mined. By care¬ 
ful blasting, adjoining ore in next slice could he removed without eerious inflow of sand from the 
filled slice; when drained, the fill was Very firm; surface subsidence over filled area was estimated 
at not over 5% the height of ore removed. Costa for filling only, per ton (8 cu ft) of ore removed 
(min wages, Apl, 1932, 6s fid per shift) were estimated (at Id * Wages, surface and under¬ 
ground, 12^; fuel and lubrieants, 84; brattice cloth, 3.5^; overhead, -H", total, 27.5^. Timber con¬ 
sumption was reduced about :i0% below that required by former top-slicing. 

Attatralia. For use of sand tailiags as contemporaneous filling for stopes at Kalgoorlie, 
W Austridia, see Art 65. 

Eztingiiishiiig fires. Sand purposely containing a large proportion of slime has 
successfully controlled and mriinguiahed mine fires; notably at Butte, Mont (543) and 
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Jerome, Axis (544). At Butte, thickened mill tailings, 50% finer than 200-inesh, in pulp 
containing 18^0% solids, was dropped through S^n c>i pipe and distributed laterally in 
4-in pipe; a head of 100 ft propelled pulp 800 ft horis. Launders required 2% grade. At 
Jerome, surface rock was crushed 35% finer than lOO-mesh and dropped though bore¬ 
holes, at 65 tons per shift, in 1 : 1 pulp. 


93. CHOICE OF XTNDERGROUND METAL-MINING METHOD 


General. The selection of a method of mining for a given orebody is aided by making 
an inverted statement of the limitations and applications of the methods already described, 
but no concise statement can be framed to cover all the variations that occur in nature. 
Usually several methods are more or less adapted to the grade, size, shape, and attitude of 
the orebody, and the strength of its ore and wall rocks; from these a choice may be made 
or a method evolved which will best suit the geological, economic, and local conditions 
(Art 25). Table 64 groups the mining methods for this purpose; it is intended merely to 
suggest methods available under ordinary conditions, each of which may be studied in 
connection with peculiarities of the orebody in question. The ideal method provides safe 
and humane working conditions and yields the greatest ultimate profit, but a mining 
method is generally a compromise between conflicting factors. 

Under some conditions, a low-cost method yielding a low extraction may give greater 
total profit than a method which recovers a larger proportion of orebody; under other 
conditions, the reverse may be true. Following equations (H. L. Smyth) show relations 
between factors involved: Let Q ■- total tons of ore recoverable by the method yielding 
highest extraction; X » tons abandoned by another method; p » profit per ton by 
method Q; p' •" profit per ton by the other method; p' — p = saving per ton effected by 
the other method. When p'{Q — X) ** Qp, the 2 methods are equally desirable and, in 

X p' _ p 

such case, — —-;— The proportion of the deposit which may properly bo sacrificed 

p 

therefore depends on ratio of saving to the profit per ton by the other method. This ratio 
increases as the profit diminishes; hence, for a given saving, more ore of low than of high 
value may bo sacrificed (172). Calculations like the above may be elaborated by varying 
the milling, freight, and smelter charges on ores of different values; in such cases, the 
effect of the variables and the point of max profit may be determined graphically (Fig 90 
and Bib 330). 


Table 64. Appheation of Underground Metal-mining Methods 


Strength 
of walls 



Possible methods of luiniiig 


I For details 
See Art No 


Breast stoping. 30-33 

Ssrstematic room and pillar. 34 

Open overhand stopes. 39-41, 91 

Coal mining methods. 102-111 


Top-slicing. 


Very thick beds 


Very narrow 
veins 


Narrow veins 
(Widths up to 
economic 
length of stull, 
Art 35) 


Breast and bench. 

Systematic room and pillar. 


Top-slicing. 70-72 

Sub-level caving. 75-77 


Underhand glory-holing 
Mitchell slicing system. 


Same as for masses... . 


S*g or Wk Stg or Wk Resuiog 




Same as for thin beds 


Open underhand stopea. 35 

Open overhand stopes. 38-41, 91 

Shrinkage stopes. 67-69 

Filled fiat-back stopes. 

Filled rill stopes. 


65 
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Table'M. Application of ITndergrotmd Metal-mining Metboda (.Continued) 


Type of 1 

Orebody 

Dip 

Strength 
of ore 

Strength 
of walls 

Possible methods of mining 

For details 
See Art No 

Narrow veins— 
Continued 

Stp 

Stg 

Wk 

Filled flat-back stopes. 

Filled rill stopes. 

Square-set stopes. 

60 

65 

45-54 

Stp 

Wk j 

Stg 

Open underhand stopes. 

Square-set stopes. 

35 

45-54 

Stp 

Wk 

Wk 

Square-set stopes. 

Top-slicing. 

Crosscut method. 

45-54 

70-74 

64 

Wide veins 

Fit 



Same as for thick beds or mosses... 


Stp 

1 

Stg 

Stg 

Open underhand stopes. 

Underground glory-hole. 

Shrinkage stopes. 

Sub-level atoping... 

Filled flat-back stopee. 

Filled rill stopee. 

Square-eet stopee. 

Combined methods. 

36 

37 

67-69 

43 

62 

65 

45-54 

83-87 

stp 

Stg 

Wk 

Filled flat-back stopes. 

Filled rill stopes. 

Square-set stopes. 

Top-slicing. 

Sub-level caving. 

Combined methods. 

62, 63, 67 
65,66 
45-54 
70-74 
75-78 
83-87 

Stp 

Wk 

Stg 

Open underhand stopes. 

Square-set stupes. 

Top-slicing. 

Sub-level caving. 

Mitchell slicing system. 

Blook-caving. 

Combined methods. 

36 

45-54 

70-74 

75-78 

55 

79-81 

83-88 

Stp 

Wk 

Wk 

Square-set stopes. 

Crosscut method. 

Top-fllicing. 

Sub-level caving. 

Combined methods. 

45-54 

64 

70-74. 82 
75-78, 82 
83-88 

MsMes 


Stg 

Stg 

Underhand glory-hole. 

Shrinkage stopes. 

Pillar and chamber workings. 

Sub-level stoping. 

Filled flat-back stopes. 

Filled rill stopes. 

Combined methods. 

37 

67-69 

42 

43 

62, 63. 67 

65 

83-87 


Wk 

!' 

Wk or Stg 

Square-set atopea. 

Croescut method. 

Top-slicing_•. 

Sub-level caving. 

Block-caving. 

Combined methods. 

45-54 

64 

70-74, 82 
75-78, 82 
79-81 
83-68 


Wk > Weak Stg •• Strong Fit ■■ Flat Stp •* Steep 


Safety. Table 65 gives averages for 7 years 1931-1937, from data on metal-mine 
accidents published by Bur of Mines; no more recent data were at hand at end of 1940. 
Choice of method should be based on assumption that no method need be unduly has- 
ardouB if properly applied. For more detailed analysis of accidents during 1930-1931 
and 1935-1937, by causes as well as by mining methods, see Bur Mines Bull 362, 422, 428. 
See Sec 23 for other data. 
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OPKN-CUT MINING 


Table 66. Accident and Fatality Rates in U S Metal Mines 
Aver for Years 1931-1937, inci (668) 


Mining method 

Aver 

No of 
mines 
considered 
(a) 

Aver 
man-hr 
worked 
per yoar, 
all mines 

Rate per 1 000 000 
man-br 

Fatalities 

Injuries 

(6) 

Open-fltope (incl room and 
pillar, and sub-level)... 

112 

21 654 513 

1.31 

79.34 

Shrinkage. 

24 

3 654 363 

2.15 

133.42 

91.38 

Cut-and-fiU. 

19 

6 564 339 

1.96 

Square-set. 

35 

12 345 777 

1.68 

127.44 

Block-caving. 

7 

2 903 065 

2.02 

138.18 

Sub-level caving. 

16 

3 190 170 

1.0-1 

29.06 

Top-slicing. 

22 

5 120 783 

0 78 

22.21 

Open-cut (power-loading) 

49 

10 551 978 

0.37 

17 83 

Open-out (hand-loading).. 

5 

358 950 

1.19 

52.92 

Average. 


66 343 938 

1 31 

78 28 


’a) Incl no mine employing fewer thap 25 men. 
Entailiug loss of 1 day’s work, or more. 


OPEN-CUT MINING 


94. GENERAL 

Open cuts (‘‘Open workings,” ‘‘Open pits,” ‘‘Open casts”) are surface excavations; 
in connection with coal mining they are called stkippinqs. (For quarries, sec See 5.) 

Field of use is in mining deposits that outcrop or lie under shallow cover. The upper 
parts of narrow, rich veins may be thus mined, with small equipment and no expense for 
development; this is a favorite ‘‘poor man’s” mode of obtaining capital for subsequent 
work, regardless of ultimate economy. Large open cuts, involving extensive development 
and equipment, are often made on outcrops of wide, veinlike orcbodies, because they pro¬ 
duce ore cheaper than is possible with underground methods. Veins can be worked by 
open cuts only to a limited depth, chiefly because of danger of falls of wall rock; weak 
walls and flat dips decrease possible working depth. Open cutting is the only profitable 
methoa of mining thin, flat beds, with shallow cover (Art 90, 97, 98). Large bed-like 
masses, covered by rock or alluvium, may often be mined cheaper by open cuts tlian by 
underground methods (see Mesabi, Ajo, Nevada Consol, Art 96). Large orebodies that 
can be excavated in a series of hillside benches are well adapted to open cutting (Art 95). 
An orebody can seldom be entirely mined by open cut; underground work is usually 
required in depth, and in some cases to mine the ore around edges of deposit. 

General plan. Open-cut methods are combinations of loosening, loading, and trans- 
I>orting earth and rock in surface excavations (Sec 3, 5). 

The combination selected depends on shaiie, size, and depth of pit, local topography, 
and output required. Output and method should be adjusted to size of deposit, to secure 
minimum cost of production, including interest and amortization on capital for equiiiment 
and removal (‘‘stripping”) of waste overburden. Stripping may l>e completed befoie 
beginning mining, or mining and stripping may proceed simultaneously, after a sufficient 
area has been uncovered to avoid interference between the two operations; the latter plan 
is best, as it reduces the initial investment required before production begins. Stripping 
may be done in one or more slices, depending on the depth; stripped material must be 
disposable within a reasonable distance, and at points where dumps will not embarrass 
subsequent mining. Brsakinq ground. Open-cut faces are usually worked in benches 
(for details, see Art 95-101'. Hydraulicking (Art 98 and Sec 3) may be used for breaking 
down unconsolidated material. In general, ground is broken cheaper in open cuts than in 
stopcs, because of the largo faces and use of heavy blasts, (.oadino is by hand or mechan¬ 
ical excavators, depending on th^ scale of operations; where glory-holes (Art 99) ate 
feasible, chute-gates are used. Transport (see Sec 3, 5). An underground haulage sys¬ 
tem may aid in handling output from an coen-pit, material being dropped through chute 
raises in bottom of open workings. 

Classification. An arbitrary grouping of open-cut paethods. based on modes of loading, 
is used in Art 95-99 for presenting details. For small-scale work, with pick and shovel or 
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plow and aeraper, aee Sec 3. See also under placers. Art 117 et aeq. For elaborate sug¬ 
gested classification of torface-mining methods, see Bib (181). 


96. OPEN-CUT WORK WITH HAND LOADING OF ORE 

Field of use: (a) in small pits, where total tonnage does not warrant the first cost 
nor permit effioient use of mechanical excavators (Art 96, 97); (6.) in large pits, the shape, 
location, or other features of which (such as erratic mineralization and need for selective 
mining and sorting) make mechanical loading or glory-hole methods (Art 99) inadvisable; 
(c) in large-scale work, where labor is cheap. 

Plans of work. Faces are generally carried in benches (Fig 663, 664), the height of 
which depends on factors outlined in Sec 5. With several benches, the width of each should 
be sufficient to provide room for load or tracks, and to 
catch loose rocks falling from above. Some foreign laws 
specify minimum width of 10 ft for safety; this is usually 
exceeded. (See Bib 470.) 

Ground is broken as in broken-stone quarries (Sec 5), 
or in large underhand stopes (Art 27, 28). Holes are 
usually drilled by hand or by machine drills, since deep 
churndrill holes and gopher or tunnel blasts (Sec 5) are 
apt to break large masses, requiring excessive blockholing 
for hand loading. Ore is shoveled, forked or lifted into 
eprs, trucks, bucket.s, or stone-skips at the foot of the 
benches. Transport mcthod.s from pit to surface vary with 
the shape, size, and depth of pit, and topography. Typical 
practice follows: 

Narrow veins. The outcrops are often mjned under¬ 
hand (Art .35). Ore may be hoisted in buckets on skids 
on the footwall, or dropjied through a winze to a haulage 
drift (Fig 206). At Colmlt (Art 68) many veins ivero thus 
worked to depths of 60 to 100 ft. Stulls support loose 
slabs of wall rock, as in open stopes (Art 38). 

Large orebodies outcropping on hillsides are easily 
worked by oficn cuts. Fig 603 shows one method. A 
long face is advanced as a single bench, ore being shoveled 

inirig or horsc-hauhigo of loaded and empty cars, without 
dclay.s or interference. Track C may lead to mill or ship¬ 
ping bins, to loading bins of an aerial tramway, or to a 
gravity plane for delivering to bins bt>low. Hillside to¬ 
pography usually furnishes ncaiby loc.ations for waste 
dumps, as at D. The height of fa«‘e, as in Fig 603, soon 
exceeds the economic max for breaking ground; chances of injury to workmen from falls, 
of rock also increase rapidly with height of face. Hence the face ma.v lie divided into 
benches, with tracks on each for transport; this involves the problem of collecting the 
ore from successive benches; inclined wooden chute is a simple means for doing this. 
Automotive trucks arc being used in increasing numbers (with both hand and machine 
loading); compared with track systems, they have advantage of allowing stoop grades and 
sharp turns, while avoiding cost of laying and shifting track. 

Examples. Pi'ertocitos, Cananea, Mex. In 1910 there were 3 benches, each 80 to 100 ft high. 
Ore Vlas loaded into 0.5-tuu cars; the track layout was like that in Fig 6S3, but with a single fringe- 
track connecting the loading tracks. Ore from the lowest bench was dumped down a raise to an adit 
leading to bins at the K II. Ore from the highest bench was dumped down a raise from a tunnel 
driven into the face at the 2nd bench, which was connected with the H K bins by aerial tramway 
(282). Arizona (.'opper Co (Art 62) rained oxidized ores in open cuts. Benches were up to 30 ft 
high; the faces were kept at max length, to afford numerous points of attack and a steady output. 
Ore from all benches was dumped through raises to a haulage tunnel driven in connection with under- 
ground operations. If ore could not be shoveled direct to raises, it was trammed in 2j-cu ft cars. 
An aver man in 0 hr loaded about 13 cu yd and trammed it 50 ft (178). At Fisenerz and Erzheru, 
Styria (333, e.SO), a conical mountain of limestone partly replaced by siderite and ankerite is attacked 
on 60 benches to a height of 2 326 ft (Fig 664); total length of benches, 16.75 miles in 1036; width, 
33-30.5 ft; aver height, 89 ft; 18 benches are combined in pairs for part of their length, for more 
economical operation of power shovels which are used mainly for moving waste on lower benches. 
Max annual tonnage (1929) was 5 StKlOOO tons, of which about 2/3 was waste; approx same ratio 
since maintained; min shipping grade of 30% Fe requires some hand soiling on belts after crushing 





PLAN 



'CR'06S-8EC AB 

Fig 663. Open-cut on Hill¬ 
side, Hand-loading 
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•nd BCTMiunK- Erratic miniffaliaation and need for cloae sorting on benches favor hand loading; 
in 1929, about hall of dl matwial was thus loaded. Group of 4-6 men works 130 ft of face, drilling 
with jackhammers; explosive (ammonite and dynamite), 0.068-0.082 Ib per short ton; holes fired 
singly, with fuse, 5 times a day. Hand-loaded cars are hauled outside by steam locos, or by elec 
locos through inside connections (one for each bench) to vert raises delivering ore to 3 main haulage 
levels at different elevations. Underground haulage system (also serving some underground min» 



ing) has 46.6 miles of narrow-gage tract.. Inclined planes, both inside and out, rack roads (or 
elec locos, and underground belt Pon"eyera, all assist in movement of ore. Fresnillo mine, 
Zacatecas, Mez. Data from D. B. ^'icAllister in 1921 and T. C. Baker in 1923 (640). Orebody is 
a stockwork in graywacke; area 1 200 by 400 ft. estimated content, 5-6 million tons, assaying 5.25 
ox Ag and 20t in Au. Surface <;uarrying by hand work was carried on intermittently from 1910 
to 1920. Benches, 20 ft high; holes, 20 ft deep, 6-10 ft apart and 6-10 ft from face of bench, first 
5 ft of a hole were drilled double-hand, the rest with jumpers. Holes were sprung, then loaded 
with split charges of 40% dynamite. Ore was blockholed or sledged to 8-in else on quarry floor. 
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loaded into 36*ou ft can, each trammed by 2 men to mill btna. Montbly tonnafe, 15 800; tone 
per man*ahift breaking, 5.6; tona per man-ahift for all operations, 2.3B. Exploeivee p«r ton; 0.122 
lb; 0.091 cap; 0.333 ft fuse. Orebody was later mined by a glory-hole method (Art 99). Bntrg 
Diamond otpsum deposit, Arden Nev. Data from W. (3. Bradley (193) in 1932. The outcrop 
of a horis bed of gypsum 16 ft thick is quarried on hillside until overburden (removed by gasolene 
ehovd and scraper) reaches eame depth; deeper parts are mined with rooms and pillars (Art 34). 
Space 20 ft wide by 100 ft long (to yidd about 2 300 tons) having been deaned, vert boles 15-16 ft 
deep are drilled by jackhammer at rate of 10 holes per 8 hr. Spacing of holes is hdf the depth of 
face. Holes are sprung first with 6 8-in sticks of 30% gdatin dynamite, again with 8 or 9 stickB; 
after cooling for 24 hr, holes are loaded with 25-30 lb of black powder in the ofaambers and 10-20 
sticks of Heroomite No 0 above; chamber is primed with 1 stick of 30% gelatin dynamite. Up to 
23 holes are fired at a time by dee. This method entails considerable blookholing of lumps over 
3 ft diam. Explosives per ton, 0.25 lb for primary and 0.13 lb for secondary blasting. Tons 
broken per ft of hole, 3.68. Track is parallel with and 10-16 ft from working face, with sidings 
for 10 cars, of 2.5-ton oapac; all haulage by 4'ton Plymouth gasolene loco, pulling 7 ears 1 000 ft 
to crusher. Duty of labor in hand loading, 20 tons per man-shift. 


Deep pits of small area require hoisting apparatus. Enoine planes (Sec 11) miqr be 
built on one wall of the pit. Cars s>>rve for dips less than 30°; above that, skips are better. 


Shafts may be sunk near the pit and 
connected with it by crosscuts. Hg 
665 shows early work of this kind at 
Creighton mine, Sudbury, Ontario. 
The shaft dipped 60° and had 2 skip- 
ways. Double-track crosscuts were 
run to the orebody at the 60- and 
160-ft levels, with raises between 
levels and to the surface. The pit was 
started as a glory-hoic (Art 99); on 
reaching a level, the pit bottom was 
kept fiat, and radiating tranks were 
laid from the crosscut tracks. Blasted 
ore fell to the pit floor, where it was 
loaded into 1.5-ton cars. In 1908, 
this pit was about 350 ft diam by 160 
ft deep (354), Cableways and deb- 




Fig 666. Open-cut, Crichton' Mine, Gnt Fig 666. Open Pit, Tilly Foeter Iron Mine, N Y 


BicKB allow extraction of ore from deep pits without preliminary underground development. 
Fig 666 shows their application in an open cut 450 ft long, 300 ft wide and over 200 ft 
deep (Art 42). Ore or waste was loaded by hand on the pit floor into 1.1-cu yd stone- 
skips, which were picked up by cableways or long-boom derricks and placed on trucks 
on surface tracks near rim of pit (353). 

Large-scale work, cheap labor. F^mibr diamond mine, Transva^, So Africa (332). 
A kimberlite “pipe" (Art 88), about 0,6 mile long by 0.33 mile wide, was mined in 50-ft 
benches. The faces were kept steep, and were broken in steps by vert holes drilled with 
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jumper drills. The material was dioveled into 20-ou ft cars at the foot of the benches. 
Tracks were in loops 200 to 300 ft long, paralleling the faoM and connecting with main 
haulage tracks. The layout in Fig 663 was impracticable, because of enormous tonnage 
and length of benches necessary to produce it. Endless-rope haulage (Sec 11) was iised 
on main tracks, and on inclines to surface. In 1912, 11 000 natives were employed in 
the pit, in 2 11.5-hr shifts; 2 100 per shift were drilling on the main benches, 700 in devel* 
opment cuts for opening lower benches, 600 blockholing and spalling, and over 1 300 on 
tramming. Monthly output, 1 000 000 16-ou ft loads of “blue ground” and 87 000 loads 
of waste. Aver cost of mining and haulage was slightly less than 30^ per load, including 
waste. The pit in 1912 was 200 ft deep. Underground methods (Art 88) are now used. 


96. OPEN-CUT MINING WITH POWER SHOVELS 

Field of use: (a) removing shallow overburden from coal, iron ore, phosphates, etc, 
which are then mined by other open-cut methods; (&) stripping and mining deposits 
of large area and tonnage, which are fairly uniform in character and lie near the surface, 
and may or may not be covered by overburden. 

General. Power-shovel methods involve large capital outlay, for equipment and 
preliminary stripping; hence they are limited to work in deposits large enough to return 
this outlay plus interest during life of mine; properly applied, they yield enormous outputs 
at low unit costs. 

The general features of power-shovel mining appear simple; but good management, 
close attention to details and systematic work are essential. Shape and position of ore- 
body must bo predetermined, to allow intelligent planning of approaches and track lay¬ 
outs, for minimizing delays and handling max amount of material by the shovels; main¬ 
tenance and repair of track, cars and shovels are important. As the unit cost with a given 
equipment varies inversely with output, there should be no preventable delays. For 
details of shovels, see Sec 3. See following examples; also Art 101 and Bib (631). 

Practice on Lake Superior Iron Ranges. Data from C. E. van Barneveld, 1912 (35), 
L. D. Davenport, 1918 (632), E. E. Hunner, 1930 (660), A. H. Hubbell, 1931 (661), M. H. 
Barber, 1932 (662), W. R. Meyers, 1932 (663), and L. C. Moore, 1938 (664).) See Art 10-b 
for ore occurrence. 

Plan of work. Orebodies are thoroughly explored by boring; surface and ore contours 
are platted on maps, on which complete plans for stripping and mining are laid out before 
excavation begins (Art 11). Overburden is stripped by power shovels or draglines, and 
dragged or hauled to waste dumps; hydraulic stripping was feasible at Tilden. mine, 
Marquette Range. Ore is excavated by power shovels; at some of the largest mines, with 
suitable approaches, it is loaded directly into R R cars for shipment to Lake Superior 
ports;' at others, and always if crushing or washing is necessary, it is loaded into pit cars 
of 4-30 cu yd for delivery to plant or R R. Small i)ita are usually stripped completely 
before mining begins; in large pits, stripping and mining may proceed simultaneously; 
some companies strip only in winter, using all equipment and crew for mining ore during 
shipping season. Mesabi open pits vary in area from 20 acres up; the Mahoning-Hull- 
Rust orebody is a mile wide and 3 miles long; the pit, in 1939, covered nearly 2 sq miles, 
and, from beginning in 189.'>, had delivered 487 100 000 tons of ore and waste. Engi¬ 
neering problems involved in opening and operating these mines are largely those of 
equipment, and arrangement of tracks and approaches; track layouts are often compli¬ 
cated by presence of layers of paint rock, etc, and nee.essity for grading the ore as it is 
loaded. Approach£8. As the topography is fairly flat, approaches are excavated as 
through cuts on descending grades; for loco haulage, a 2% compensated grade is the max 
desirable; some 3% grades are required and 4% is possible, though not effic. At Vol¬ 
unteer mine (Marquette Range), a 6-7% grade is negotiated by Woodford remote- 
controlled elec cars (661, Dec 14, 1931). In some pits 300-400 ft deep, steep approaches 
are avoided by sinking hoisting shaft in wall rock, connecting with pit bottom by cross¬ 
cuts, which may also serve for drainage. Belt conveyors in inclined shafts servo similar 
purpose at some deep oper -pits. Motor trucks (Sec 27) can climb 10% grades with 20-tx)n 
loads. Sometimes separsce approaches are cut for stripping and mining; for stripping, 
they are located to minimize the heal to waste dumps; for mining, there must be a track 
or road system which will reach the max amount of ore without unduly steep grades. 

Stripidng faces usually have a 1 :1 slope (Art 113) with a 20-ft berm at Iwttom of 
bank. In deep overburden, the banks arc broken at least every 76 ft vertically with a 
25-30 ft berm. Stripping is so arranged that shovels work against a 25-35-ft bank. 
Stripping is done with side cuts just as wide areas arc graded in R R work. Regular 
stripping stops 6-8 It above the orebody; remaining cover is removed by a smaller 
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“oloan-up” ^ovel, with a crew of 6-8 iaboren. Aa the top surface of orebodies is uneven, 
final cleaning is done by scrapers; small revolving shovels have also proved useful. Over¬ 
burden is mostly glacial drift, containing boulders 2-12 ft diam; large boulders are 
“chained out” when uncovered, and blockholod. Overburden is often loosened ahead of 
the shovel by blasting. Stkippino equipment varies widely; much stripping is done by 
contractors who furnish plant. Common equipment includes a revolving, caterpillar 
power shovel, with 8-16-cu yd dipper; reach, to 96 ft; lift, to 56 ft. Such a shovel often 
has interchangeable dragline boom 100-150 ft long, using 4-6-cu yd scraper (Sec 27). 
R R type of shovel is nearly obsolete, and steam is rapidly giving way to elec power, both 
for shovels and haulage. Small shovels, 1.5-3 cu yd, for cleaning and other shallow work, 
are sometimes driven by gasolene or gas-elec iwwer. Chief advantage of long-roach 
shovel for stripping is that it can make a through cut in one operation, loading cars on the 
surface, which would require several successive cuts with accompanying track work, if 
dug with smaller shovels. t^RippiNO di;mp8 are located on barren ground, or where open 
cuts are impossible. A low area, sloping away from initial dumping point and offering 
a downhill haul, is ideal. Dimips are started by dumping alternate curs on opposite sides 
of the track, and grsduaUy jacking up the track until the dump reaches required height. 
After this, the dump is “fanned out” by movniig the track sidewise. Usually, dumps are 
started from trestles, 26-25 ft high and strong enough for the empty, but not the loaded, 
train. Desirable lengths of dumps are 1 200-1 400 ft; heights, 20-40 ft, preferably the 
latter; 60-ft dumps are excessive, as the tracks settle badly. Straight dumps are best; 
curved tracks are hard to shift. The muskeg sR'amps of Mesabi Range are unsatisfactory 
locutions for dumps; dumps settle, and the muskeg bulges on each side; but swamps may 
be employed with advantage in winter. 

Mining ore. Amount of loosening required varies widely with compactness of ore. 
Former practice of chambering small holes, drilled by wagon-mounted drifters and finished 
at l-in diam at about 26-ft depth, entailed exeessiv'e blorkholing besides so loosening 
adjoining ore that subsequent blasts lost some effectiveness. Present practice on Mesabi 
adopts 6-in holes, churn-<lrillcd to about 40 ft, or 5 or 6 ft below bottom of liench, loaded 
to half-depth with 60 and 80% Gelamite, and fired (as many as 100 at a time) with Cor- 
deau; smaller blasts may be fired electrically. In harder ores of Marquette Range, 6-in 
holes are churn-drillod to depths up to 110 ft (aver 45 ft at Volunteer and 68 ft at Tilden 
mine), spaced about 15 ft in a row 13-20 ft back of face. Usual explosive is 40, 60, or 80% 
gelatin nr Gelamite, column loaded. Volunteer mine fired 535 holes in 1 blast, Is'eaking 
ftlO 000 tons; Tilden mine, with 2 blasts in 1930, broke 450 000 tons with 129 550 lb of 
60% and 80% explosive in 225 holes; 24.3 tons per ft of hole, or 3.48 tons per lb of explo¬ 
sive. Faces of benchc.s in ore are sloped 0.5 ; 1 on the Mesabi, or down to 1 : 1 on the 
Gogebic and Cuyuna Ranges (Art 113). A 1 : 1 slope is allowed on faces carrying a series 
of tracks and switchbacks. Ore is mined in side cuts; benches, 26-30 ft high on the 
Mesabi, or higher in the harder ores of Marquette Range. Popular shovel is cloc operated, 
full-revolving, caterpillar-mounted, with 2-5-cu yd dipper (Sec 27); its maintenance 
costs about 25% that of a steam shovel. 

Track haulage. As example of steam haulage, the Hull-Rust-Mahoning pit uses 
120-ton locos for trains of 12 30-cu yd cars ui) 1.6% grade, returning empties on grades not 
exceeding 5%. At jiits where R R cars are inadmissible, side-dump pit cars of 20-30-cu yd 
capac are common. Recent tendency has lieen towards elec haulage, with 60-76-toii 
trolley locos. A 60-ton loco, with GOO hp in 4 d-c, 600-v motors, exerts a starting pull of 
30 000 lb, and can haul a gross load (including loco) of 340 tons up a straight 3% grade at 
7.5 miles per hr (see Sec 11). A 75-ton dec loco hauls 6 loaded 75-ton cars up 2% grade 
at 10 miles per hr, while a steam loco of same wt can haul only 6 such cars, on same grade, 
at 8 miles per hr. L. C. Moore, basing his computation on a typical Western Mesabi 
wash-ore pit yielding 700 000 long tons of concentrate fropi 1 050 000 long tons of crude 
ore, and moving 500 000 cu yd of stripping per season, estimates a saving of 6.58^ per ton 
of concentrate in favor of elec over steam haulage, including fixed charges in both cases. 
Haul involves a rise of 260 ft in a nin of 4.4 miles, with trains of 4 30-cu yd (55-long ton) 
cars. For details, see Bib (664). “Diffkhentiai,” system has been adopted by Susque¬ 
hanna, Wakefield, and Richmond pits; at Susquehanna, a train of 6 4.5-yd (8-ton) cars 
is hauled through a tunnel on—0.6% grade to shaft by a 190-hp motor-car carrying same 
load of ore; such a train weighs less by 10% when loaded and by 18% when enipty than a 
7-car train hauled by else loco (660). The empty motor-car has enough tractive force to 
pull an empty train, while its 8-ton load adds enough tractive force to draw the loaded 
train. Tracks and layouts. 80-90-lb rail, well graded and ballasted, is used on large- 
scale work. Temporary tracks are lighter and laid with less care. Grades of main tracks 
should be below 2% or at most 3%; short stretches of 5% grade may be unavoidable. 
Special tracks on 5-6% grades are sometimes laid for shurl-culs for quick return of 
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empties to pit. 7.5° oorves are the max desirable, and 15° the max allowable, but 50° 

cur^'es are required and operated sucoessfully 
Surface jn gome cases. Fig 667, 668 ^ow general 

rr - layouts; they are variously modified. Switch* 
backs are also used to connect benches in 
r o*" deeper parts of large pits. 

I f sriBAi. SYSTEM (Fig 667) is ideal. It 

I It ( tadtowi / jj U permits easy grades, curves, and turnouts, 

\ lift ^ J/n III// requires few switchbacks, but is limited 

\ / Iff// ^ P**”® regular outline. 

\ . . _. KMi Truck and tractor haulage (Sec 27) was 

irt imi j adopted experimentally on the Mesabi about 

/ { 1936 (664, 665) and quite widely in 1937-8 

among smaller and deeper mines on Mesabi 
Fig 667. Spiral Track Layout, Mesabi Range and Cuyuna Ranges. Side- or end-dumping 

trucks to 15- and 20-ton capac, and tractor- 
drawn, crawler-mounted, side- or bottom-dump wagons to 15- and IS-ton capao are used. 


PLAN ' 

Spiral Track Layout, Mesabi Range 






Fig 668 . Track Layout, Mountain Iron Mine, Mesabi Range 

The larger trucks, with 125- to 150-hp Diesel engines, come out of pits on (max) 10% grade 

at 5 miles per hr and re- 

turn down 14%-20% at 

high but safe speed. Trucks Ballro id haulage 

are used also for dumping 

into raises on pit floor, but 

their chief advantage over 

the slower tractor-wagon 

is seen on hauls of 800- El mrface 623 

1 000 ft or more (665,667). ^ sas 

R. W. Whitney and G. .T. \ n ^a, M M 

Holt (667) offer following ===«=s=i== JJ/p 

data in 1939, based on 2 

years' experience with 15- 

ton trucks on Cuyuna and ^“i^lng plant 

Mesabi Ranges, hauling 

from pit bottom to surface crushing plant 

dump; 6-wheel type, with surlace 6r.1 

dual rear wheels, is pre- 
ferred to the 10-wheel Truck haulage 

(with 2 sets of dual rear --.iH 

wheels) because; (a) can 

turn sharper curves (20-ft 

rad): (5) more eoonoin- 

ical of tires; (c) saves 

time for servicing (0.5 hr 

against 1 hr); (d) lower ^ 

maintenance. Diesel en- ^ 

gines consume less fuel 

faroffu^'SfSe'hrimU 

fpIecling°Jf*SwI engil^M Haulage Systems, Louise Pit, Cuyuna Range 


To crushing plant 


Truck haulage 


To crushing plant 
\^1 surface 6r.1 








S/j, 


Fig 669. Two Haulage Syeteme, Louise Pit, Cuyuna Range 


is checked by recording tachometers. Life of closely inspected tires is approx 4 000 hr. 
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(a) IncI delays, (ft) Not counted a delay, since shovel 
was picking up a load during this interval. 


equivalent to 16 000—20 000 miles on a highway. Life of truck estimated at 10 (K )0 hr. 
In ore,, tv^o 4>yd dippers make 

a load of 15.4-18.2 (aver, 15.7) Table 66 . Data on Truck Haulage out of Lake Superior 
long tons; on stripping, side- Iron-ore Pits (667) 

boards are added, and load is 

then 3 dippers. Road grades of __ 

8-10% are feasibly for loads. Totalhaulfor loads, ft. 3 185 4 200- 1 925 

and on return 20 % is permis- 4^00 

Bible. In Louise pit (Fig 669) of which, up 7.5-10% grade... 2 135 1800 1 200 

214 ft deep, 3 185 ft of road at Return road, total length, ft... same I 600- I 075 

10% replaced 8 500 ft of R R road I 800 

at 2.6% grade, and 3 trucks ^ 19-20% grade. 800 450 

displaced 2 locos serving same vr”*♦' U ■. ***5 

. • , -Ju 1 j No of 15-ton trucks in service... 3 8 6 

shovel. Truck s^ds with loads Dipper of loading shovel, cu yd.. 1.75 4 4 

are (miles per hr): level, 10; Digging conditions. vnr good 

up 5%, 8 ; up 7%, 6 ; up 10%, Aver time cycle, min: 

5. For other data, see Table Truck waiting at shovel. 0.8 0.3 

66 . At another Meeabi pit. Interval between trucks.(ft)0 3 ( 6)0 3 

stripping during mid-winter at I-onding... .. 2 ? 

a partly frozen bank, largely 1 ravel, shovel to dump. 8.0 4.4 3.6 

Of clay and 20-25 ft high. Return travel. 2.5 1.5 1.2 

looding with 4-yd Ehoveh 16-ton. Delay at shovel or clump. 09 .. 

trunks hauled 1 mile over nearly Total time per truck.TTs 975 Ti" 

level road on snow, making * . . . . - . ■ ' * 

trip In 6.7 mini 
1.4 miu; delays, 1.2 min. 

Belt conveyers (Sec 27), receiving ore directly from shovels or through pocket or chute 
with regulating pan conveyer at bottom, have recently been installed at severid Mesabi 
mines, notably La Rue, (Janisteo, St Paul, and Sjiruce. At St Paul, the 30-in conveyer 
is 854 ft long, in 3 equal sections, on 19° incline; max capac, 300 tons per hr at 350 ft per 
min; it is fed through a 1 5(K>-ton pocket with gate 40 ft below present pit bottom; pocket 
is centrally situated in ore, so that aver haul for tractor-wagons is 600 ft (max, 1 200 ft). 
SpRuen MINE, in 1037, installed a 30-in conveyer in 9 zig-zagging sections, totaling 4 481 ft 
and rising by non-uniform grades (max 25.6%) 386 ft from its lowest point to top of R R 
loading bin. Aver capuc at 500 ft per min, 500 tons per hi. It is fed with crushed ore 
through 10 by 10-ft raises at 3 iKiints in pit bottom, 2 supplied with ore by tower excava¬ 
tors with 600-ft radii, and 1 by a 2.25-yd shovel and four 20 -ton trucks. For details at 
Spruce mine, see Bib (664, 06.5, 666 ). 

Drainage. Many Lake Superior pits make from 0.5-1.5 million gal of water per day. 
As the topography usually prevents oiiening self-draining pits, drifts are run under the 
pit to collect water and lead it to a shaft near the pit edge, whence it is pumped to surface. 
For economic limit of stripping depth, see Art 1()1. 

Nevada Consol Copper Co, Ruth, Ncv. Following data are contributed by courtesy 
of D. C. Jackling and W. F. Boyd in 1938. Copper Flat orcbody was originally a fairly 
flat, massive deposit of monzonite porphyry containing disseminated chalcocite and chal- 
copyritc and having a leached capping aver 110 ft thick (307). Ore averaged 500 ft thick. 
Mining has always been done with power shovels on benches 50-100 ft wide, and at 
approx 50-ft vert intervals. Tranks on each bench form a closed loop with a spiral 
approach; favorable for handling trains (Fig 670). Gr^os of main approaches are 2.5% 
max; loading tracks, level. Slopes lietween benches are 45°-80° from horiz, depending 
on character of rock. On reaching final pit limits, benches are consolidated 3 into 1. 
making final slope of banks 45° in hard, and 40° in soft, material. Both ore and waste 
require blasting; 9-in holes are drilled with Bucyrus-Anhstrong, 29-T, elec churn-drills 
(5 in service) to 10 ft below the next lower level. Holes are 18-21 ft apart and usually 
placed 10 ft from edge; this puts 35-40 ft of burden on hole at the toe; they are 
sprung with 40% stick powder. Wet holes are loaded with stick and dry holes with 70% 


Table 67. Operating Data, Nevada Consol Copper Co, 
Ruth, Nov 



1936 

1937 

1938 

Tons per shovel-ahift (ore and weate) . 

5 030 

4513 

4 661 

Tons per loco-shift (“ " " ) . 

1 443 

1 284 

1 718 

Feet of hole per drill-ehift. 

73.72 

75.54 

68.62 

Tons broken per lb of exploeive. 

5,73 

5.39 

6 OS 


bag powder. Over 5 tons broken 
per lb powder. Equipment com¬ 
prises 5 BucynruB-Erie, 12()-B, 
full-revolving elec shovris with 
4-yd dippers, and one Marion 
elec, with 1.5-yd dipper. Mo¬ 
tive power for haulage is 4 
eaddle-tank and 12 side-tank, 
80-ton, 0-3-1 steam locos. 
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Waste is handled xn 20<, 26-, and SOksu yd nde-dump ears, and ore in 70- and 80-ton 
care, dumped in a tippto at the mill. Other equipment: Jordan epreader, caterpillar 
buU-dosers, trackehifters, service cars. Rail on the main lines is 90-lb and that on the 
loading and dump tracks is 75-lb. (See Table 67). 

Chino mine, Nevada Consol Copper CTo, Santa Rita, N M. Data from H. A. Thorne 
(63) in 1931, revised 1939 by Co officials. Orebody is a disseminated cbalcocite, in porphyry 
and adjoining silicified sedimentary rocks; most ore is hard and tough and breaks large, 
involving much blockholing. Ore ranges 0.70-2.00% Cu; grade of reserves estimated 



(1938) at 1.17% Cu. Lc-ached capping is 0-160 ft thick; orebody is irregular, both top and 
Attorn, up to 600 ft thick. Pit (Pig 671) is elliptical, 6 000 by 4 000 ft, with large mass of 
unprofitable rock near its center, on which principal mine plant is situated. Topography 
is favorable for easy disposal n stripping, but a stream had to be diverted and confined 
in concreted fiume 7 500 ft long, around N edge of pit. Parts of orebody were extensively 
developed by old workings; remainder tested by churn-drills (Art 10-b) to aver 900-ft 
depth. Shovel benches 42 ft high have proved most economical; face of a bench will 
stwd nearly vert for years, and a 2.5-ft berm assures safety from casual falls; aver slope, 
top to bottom of pit, 45°. Bbkaking obound. Vert top holes and inclined toe holes are 
















OPEN-CUT MINING WITH POWER SHOVELS 10-439 


used.' Fonaer are spaced 18-25 ft in a row approx 10 ft from crest, uid drilled 5-10 ft 
below bench giade, for breaking to bottom, or 30 ft deep for trimming face; these 6-in 
holes are drilled by elec, self-propelling ohum-drill rigs. The 6-in tools are to be replaced 
by 9-in. In Aug, 1938, 12 such rigs drilled 10 459 ft of hole in 1 108 msohine-hr (9.44 ft 
per hr. inol 9.2% delays). Toe holes, 22 ft deep, inclined about 30** to reach 5 ft below 
grade, and spao^ 15 ft apart, are drilled by heavy air-hammers, starting at 3.75 and 
finishing at 1.375-in diam. Aver speed in toe holes, 5.8 ft per hr, total time. All holes 
are sprung at least once, using 40% gelatin, with water for stemming. Blasting charge in 
vert holes is 35% and 50% bulk powder, if dry; gelatin, if wet, stemmed with screened 



dirt. Charge in toe holes, 40% or 60% ammonia dynamite if dry, gelatin if wet, un¬ 
stemmed. Blasts are fired with Primacord wherever possible; otherwise by elec detona¬ 
tors, not over 10 holes at a time. Powder for secondary blasting, for 9 mos in 1938, 
averaged 5% of total consumption. Including secondary blasting, aver for entire pit is 
6.43 tons of material broken per lb explosive. Loading. Equipment includes 8 R R-type 
elec shovels on caterpillars, with 4-yd dippers; 2 full-revolving elec shovels on caterpillars, 
with 4,97-yd dippers; and 1 truck-mounted elec shovel, with 8-yd dipper and 80-ft boom, 
which can make a through cut SO ft wide at bottom and load into cars on track 42 ft above 
it. Power consumption by the 4-yd shovels is 0.76 kw-hr; by the 4.97-yd shovels, 0.72 
kw-hr; and by the 8-yd shovel, 1.41 kw-hr, per cu yd loaded. Crew on 8-yd shovel con- 
rists of 4 men; on the others, 2 men. Haulage. In 1938, Chino mine had 26.7 miles of 
std-gage trackage, plan of which is shown in Fig 671. AU main lines are 85-lb rail; bench 
tracks, 85- and 75-lb; latter is being replaced with 85-lb. Dump tracks, 75-lb rail, are 
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also to be replaced with 85-lb. Aver haul for both ore and waste is 2.23 wiiW Curva¬ 
ture of tracks is kept under 20°, and grades do not exceed 2.5%, compensated. Motive 
power includes 11 American, 6-wheel, 90-ton; 6 Baldwin. 6-wheel, 85-ton; and one 
4-whee] Porter, 42.5-ton, locos; the latter for switching only. Air-dump, 20- and 30-ou yd, 
cars are used. Trains of 200 cu yd are hauled on level or down grade; 140-cu yd trains on 
adverse grades. 

Utah Copper mine (Kennecott Copper Corp), Bingham, Utah. Data from A. Soder- 
berg (119) in 1930, revised in 1938 by Co officials. Orebody, a trough-shaped mass of 
monsonite porphyry about 6 000 ft long, 4 000 ft (max) wide, 2 000 ft (max) deep, con¬ 
tained originally 800 000 000 tons workable ore, carrying disseminated Cu sulphides, 
chiefly chalcopyrito with local enrichments of chalcocite, covellite, and bornite, Orebody 
is blanketed by an almost barren capping of porphyry and quartzite, averaging 115 ft 
thick, but only 20-50 ft in places. To end of 1937, 265 706 395 tons of ore, averaging 
1,13% Cu (0.98% aver for last 10 years), were extracted, requiring removal of 145 604 780 
cu yd of barren or low-grade material (1 cu yd weighs 2.077 tons), a stripping ratio of 1.14 
ton waste per ton of ore mined. Reserves last reported (1930) were 640 000 000 tons, aver¬ 
aging 1.07% Cu. Recent minimum workable grade was taken at 0.4% Cu, when within 
the stripping area. Precipitation plants recover about 25 tons cement copper per day 
during the spring water run-off, leached from waste dumps by natural percolation. For 
prospecting and sampling by churn drill, sec Art 10-b. GENnaai. fiiAN. Main orebody 


OxMltad Cspplag 



lies between 2 deep, conjoining canyons; hence is well situated to produce large tonnage 
by open-pit work (up to 75 000 tons of ore and equal or greater amount of waste per day). 
The 1 500-ft rise from R R yard at fork of canyon to highest rim of pit is attacked on 23 
benches (Fig 672), 50-80 ft high (about 50 ft is most economical) and 30-4.'>0 ft wide 
(aver, 100 ft); 3 more benches have boon opened below yard level. Max economical overall 
working slope, top to bottom. 28°; ultimate overall slope, 35°; individual faces, variable, 
but alx)ut 50°. Benches are connected by switchbacks, on 4% max grade, with exten¬ 
sions to waste dumps (usually 1 per bench to nearby dumps, but 2 or 3 are for 

the longer hauls) in canyons outside of orebody. In 1937, there were about 85 miles of 
std-gage track; rail distance, yard to remotest shovel, about 7 miles; aver haul, 2.6 miles. 
Trains of 10 -14 cars, 80-90 tons per car, are collected at yard and hauled thence in 60-car 
trains, by steam locos, 18 miles to concentrators. Waste cars, holding 30 cu yd, are 
in 4 to 9-car trains. Brbakino ground. Early practice of heavy blasting with coyote 
holes proved destructive of benches. Fig 673 shows present method. Holes averaging 22 ft 
deep are drilled by reciprocating drills; hammer drills are unsuitable, because continuous 
water supply can not be distributed in winter. Driller and 2 helpers average 45 ft of hole 
per sliift, besides blasting and trimming; 1 set of steel makes 4-5 holes before losing gage. 
Toe boles, spaced 15 ft, start 3—5 ft shove floor, and pitch 5°—15° downward to bottom on 
grade; mid-face holes (not always -equired) are horiz but pointed backward towards ad¬ 
vancing shovel: vert top-holes are rarely needed in higher benches. Progress reqtiires 
2 drill crews per shovel. Toe holes are sprung, usually 4 times, with 7, 15, 30, and 50 
sticks, stemmed with water. Final charge is 150—260 lb of low-freezing ammonium 
nitrate powder, 60% Ngl for dry holes, and semi-plastic for wet holes, fired by fuse in such 
sequence (usually 18 per round) that each shot is partly blanketed by its predecessor, to 









OPEN-CUT MINING WITH POWER SHOVELS 10-441 


reduce ihnming. Breakage beyond 21-ft reaidt of diovel is avoided, to save delay in 
setting up I'or next row of toe holes. Mid-face holes are drilled from top of pile produced 
Iqr toe-hole blast, but are not fired, and then only 1 or 2 at a time, until shovel has made 
space for their broken ore to fall. Top holes, if needed, are fired after shovel has passed 
by. Some buUdosing and blockholing is necessary. Powder consumption averages l/s lb 
per ton broken, of which 16% is for chambering, 69% for main blasts, 15% for secondary 
blasting, mainly trimming. Drilling averages 0.022 ft per ton broken. Tests proved that 
vert holes were less efiic, more costly, and left hard digging at toe of bonk. Loadino. In 
1937, mine had 22 elec, caterpillar shovels, with 4.5-yd dippers and 30-ft booms swinging 
190®; also 7 full-revolving elec shovels, with 5-yd dippers. All types work about 25% 
faster in ore than in waste (longer trains of larger cars), overall aver being 4 136 tons per 
shovel-shift. Aver per shovel-shift (Oct, 1938} was 6 000 tons in ore and 4 600 tons in 



O-After blasting toe holes to 
iiOO It In advance of shovel 



h-Usoal effect of bank bole. C-Occasionol nso of 

Shovel moves bock before top hole, after 

firing Shovel has passed 


Fig G73. Blasting at Utah Copper Mine 


waste. Loading averages for full-revolving shovels are about 15% higher than for the 
others. Power at 5 500 volts fur shovels is carried on benches by portable 25-ft steel 
towers, which also support trolley wire. Haulagb. At end of 1937, 75 miles of pit track 
had been electrified for 75-ton trolley locos (ballasted to 85 tons), of which 2 serve each 
shovel; each hauls 12 empty cars (252 tons plus its own wt) up 4% grade at 12 miles per hr. 
A few combination trolley and storage-battery locos have been used. The others carry a 
reel with 2 000 ft of cable for use beyond electrified track; recent purchases are without 
reels. Loading an ore train takes 1.25-1.5 hr; round trip from yard to most remote 
shovel, about 1.25 hr. Performancb data (see Table 68). 


Table 68. Performance Data, Utah Copper Mine, 1937 


Tons ore mined. 

23 134 450 

Tons waste removed. 

28 292 292 

Total toiM material moved. 

51 426 742 

Stripping ratio—waste to ore. 

1.22 

Aver doily tonnage, all material.. .. 

143 650 

Torts removed per lb explosive. 

9.20* 

Tons moved per man-shift. 

84.07 

Aver tons (dry) loaded per 


ebovel-shift: 


Ore... 

4910 


3 664 

Aver (weighted). 

4 136 


Electric power ooneumption per ton 
material (ore and waete) re¬ 


moved, kw-hr per ton: 

Electric shovels. 0. 2018 

Electric locomotives. . 3958 

Compressors. . 1686 

Shops.0111 

Miac.0109 

Total. 0.7882 

Aver ore haul, miles. 2.58 

Aver wastahaul, miles. 1,44 

Ton-miles per kw-hr. . ■._^ 4 60 


* High, due to removal of fill material. 


United Verde mine, Jerome, Ariz. 

Data from E. M. J. Alenins in 1930 (544, 666), with additions by J. R. Bloom in 1939. 
For description of orebody, see Art 62. Open-cut mining was adopted to recover ore in 
upper levels, mining of which by underground methods was interrupted in earlier years 
by mine fires, which spread to the sulphide orebody itself and prevented further under¬ 
ground work in this area. Major problems in open-cut mining involved: (1) stripping 
about 11 000 000 cu yd of waste, chiefly hard, hlocky dionte; (2) mining extremely hot 
sulphide ground; (3) maintaining high degree of selectivity in mining and handling smelt¬ 
ing ore, concentrating ore. converter flux, and waste; (4) operating in a deep pit of rela¬ 
tively small diam. Fig 674 shews the gaol conditions and relationship between orebody 
and stripping requirements. Original plan proposed mining by glory-hole after com¬ 
pleting major stripping; decision to use small elcc shovels and automobile trucks came 

after stripping proved need for selective mining. 
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Strippiag. Method and equipment used above 160-level were distinct from those below 
that level. Maicer stripping consisted of carrying back, at a proper slope, a face of diorite 
about 600 ft high. For this, steam shovels, steam locos, standard-gage track, 25-cu yd air- 
dump cars, and complementary equipment were used. Waste disposal and access to benches 
involved construction of more than 5 miles of switch-back R R line; waste was mostly placed 


5050 



Fig 674. Typical Section of United Verde Pit, Jerome, Ariz, as of Jan 1,10.39 (looking north) 


in nearby gulches. Tracks, scnii-pcnimncnt, were of 90-lb rail; bench tracks and upper 
switch-backs, 75-lb rail; (>0-lb rail on dmnps. Loaded cars u.stially moved to dumps on a 
max down grade of 3%; where material had to be moved upgrade, the grade was reduced 

to 2%. All 

tapered and grade was com¬ 
pensated. Table 69 lists the 
HEAVY EQVri'MENT. The 8-cu 
yd, full-revolving shovel 
oi>erated entirely on the 
160-ievel, against a bank 
which, during the ma^or 
stripping, varied in height 
from 110-315 ft. It was 
mounted on traction wheels 
running on 130-lb rail. The 
4-ou yd, R R-type sho^'els 
excavated the upper benches, 
generally 60 ft high; origi¬ 
nally operating on rails, they 
were later equipped with caterrdlar traction. The 0.7.5-cu yd caterpillar shovel was 
used for excavation on swit. fibacks and roads. Shovels and locos originally burned 
coal; later equipped for oil The 82.5-mn locos haviled 6 loaded cars; the 53.5-ton 
locos, 4 cars. Hoix drillixo and bl.\8Tino. Chum drills, used at first, did well in 
weathered diorite. On 50-ft benches, holes were spaced 35-40 ft lengthwise of bench 
and 5-10 ft back from edge; they were drilled 12.5% deeper than height of bank and loaded 


Table 69. Heavy Equipment for First Major Stripping, 
United Verde Mine, Jerome, Ariz 


No 

Item 

Type 

tVt, size, or capac 

1 

Steam shovel 

Full-re v’olving 

6 -cu yd dipiier 

2 

«4 •< 

Standard 

4-. 

1 

• 1 •« 

Full-revolving 

0 75-. 

5 

Steam locos 

.Switch 

82 5 tons 

2 

It 41 

II 

53.5 " 

30 

Cars 

.Mr-dump 

25-cu yd 

1 

Spreader 


14-rt spread 

1 

Locomotive crane 


too tons 

2 

Track shifters 

Peterson 


6 

Gondolas 

F B compcMite 

50-ton 

6 

Flat cars 


50-ton 

1 

Tank car 


50-ton, 10 000 gal 
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with 10-12 boziM of 35% gelatin powder; toe holes were aometunes needed for removing 
hard ribs. On the 110-ft bench, ohum-drill holes, cosed with 0-in inpe in loose ground, were 
placed dose to edge of bank and 30-50 ft apart; they were drilled 10-15 ft deeper than 
height of bank; distance from bottom of hole to toe of bank, 55-95 ft; this distance and 
the character of ground governed the powder charge, which was 4 000-S 000 lb; drilling 
speed, 5-30 ft per shift. Beneath sone of weathering, diorite was too hard and blooky 
for chum drills, which were replaced on the 50-ft benches by air drills. Combination of 
toe-holing with jackhammers and drilling vert holes with 
tripod drifters (Fig 675} was found best for the condi¬ 
tions. Toe holes were €-15 ft apart; vert holes, 12.5 ft 
apart. Powder charge for toe holes, 100-250 lb; for vert 
holes, 75-150 lb. Holes, 20-30 at a time, were blasted 
electrio^y from a 440-v line. Cototb BnasTiNO. To 
equalize progress of 8-cu yd shovel with that of 4-cu yd 
on upper benches, some lower benches were consolidated, 
in a ^nk over 300 ft high at one end of pit. Due to 
height of bank and difficulty of (hum-drilhng in fresh 
diorite, coyote blasting was thereafter used on the bottom 
bench. Six such blasts were made, breaking a total of 
7Q3 000 cu yd; largest single blast, 259 000 ou yd. Pro¬ 
cedure was to drive a 4.5 by 6-ft drift parallel with and 
75-135 ft behind the face, and, at 30-ft intervals along 
the drift, to sink 6 by 5-ft winzes to depth 20-30 ft below 
the pit grade (B'ig 676). A case of gelatin dynamite with 
4 No 8 elec caps was placed in bottom of each pocket. 

Powder for main charge was unloaded at the tunnel mouth and transported to the 
pockets on special wooden cars. Black powder was used in first 3 blasts; for greater 
shattering effect, “ Quarry Special ” in the next 3, with addition of 60% ammonia 
dynamite in the last 2 blasts. The powder was covered with paper and sand tamping, 
and the tunnel back-filled. Table 70 gives data on these blasts. 



Fig 675. ArranE|Rneat of Blast 
Hmes on UpMr Benches, United 
Verde Open-pit 


Table 70. Coyote Blasting Data, United Verde Mine, Jerome, Ariz (544)' 


Blast No 

1 

2 

3 

4 

5 

6 

Number of pockets. 

Aver distance between pockets, ft. 

Total development drifting and sinking, ft. 
Aver distance of pocket to toe of bank, ft.. 
Aver vert height above pocket, ft......... 

Average height of bank, ft. 

Avar burden on each pocket, ou yd. 

Black powder, lb. 

7 

30 

410 

78 

121 

a 

5 000 

6 

30 

485 

100 

167 

a 

7 800 

14 

30 

910 

133 

189 

a 

9 800 

10 

30 

686 

65 

146 

a 

6 000 

5 

30 

225 

61 

120 

100 

5 230 

13 

30 

800 

100 

120 

100 

9 240 

100 000 

95 400 

250 000 




Qiiftiry fipfficial No 6^ lb. 

9! 700 


200 000 

Quarry Special No 4, lb. 




45 000 

5 000 

4 000 

60% ammonia dynamite, lb. 





30 000 

3 250 

50% gelatin dynamite, lb. 

35% gelatin dynamite, lb. 

13 050 

3 500 

9 900 

11 650 

Total powder, lb. 

Cu yd broken. 

Cu yd per lb of explosives. 

Cu yd per ft developed. 

113 050 

98 900 


103 150 

54 000 

233 250 

140 000 
1.24 
394 

135 000 
1.36 
278 

259 000 
1.00 
285 

105 000 
1.02 
153 

54 000 
1.00 
240 

200 000 
0.86 
250 

Costs per cu yd: 

Development, labor and supplies. 

Explosives . 

$0.0850 

0 0783 

$0.6827 

0.0697 

H 

$0.1297 
0.1065 

$0.1400 
0.1360 

$0.0407 

0 1272 

Total. 



l$0.1418 

$0 2362 

$0.2760 

$0.1679 


(a) Pockets under slope only. 


Pit alope. Original stripping was based on assumption that a 0.5 : 1 slope would be 
safe in the dense, unaltered diorite of hanging wall, and a 1 : 1 slope in the softer footwall. 
Stripping was completed in 192?; no difficulties as to pit slope occurred until late 1929, 
when a subsidence, originating from underground stoping, fractured the high, steep diorite 
bank on hanging-wall side. A subsequent large slide, Mch, 1931, proved that a slope as 
steep as 0.6 : 1 was no longer practicable, and it was decided to flatten the diorite side oi 
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.pit to a 1 : 1 elope. Tliie involved removal of 4 000 000 cu yd of waste besides the original 
estimate of 7 000 000 cu yd. 



Fig 676. Development for Coyote Blast No 6, United Verde Open-pit 


Operating data, original stripping. Table 71 gives data on operations during 1925. 

Mining in lower pit before 19S1. 

Work below 160-level (Fig 674) has 
been mostly confined to main orebody. 
Requited flexibility and selectivity led 
to choice of low benches and small 
equipment. Benches were 25-63 ft 
high. Major equipment included 1.75- 
ou yd elec shovels, 10-ton automobile 
trucks, service trucks, elec churn drills, 
air drills, gasolene crane, and road 
scraper (bulldoeer). Automobile trucks 
delivered to transfer raises extending to 
pit from main haulage tunnel on 1 000- 
level (Fig 674). Drilling was chiefly by 
churn drills, but air drills were used in places not easily accessible for churn drills. Churn-drill 
holes were close to edge of bank, generally 10-12 ft apart, and 5 ft deeper than height of bank. 
In hot ground, where use of powder was limited, spacing might be 4-5 ft. Holes were usually 
sprung, and loaded with 1,50-2.50 lb 35% or 50% gelatin dynamite; blasted electrically. Holes in 
hot ground were cooled to 120® F or less, before loading, by running in water for 1-24 hr, or using 
wet sand. For sand, holes were chambered to hold both sand and explosive. Using a little water, 
the sand was washed into crevices, sealing off hot gases. For holes that could not be eooled, 
charge was in form of a torpedo. For a 6-in churn-drill hole, a 4-in paper tube, 6-8 ft long 
and 0.5-in wall, was used (Fig 6V7). Bottom of 

tube was sealed by a wooden plug to which a Table 72. Pit Mining, United Verde, 1929 
wire was fastened for lowering into the hole. 

Charge and detonators were placed in the tube 
and covered with sand. When shooting a round 
of hot holes, torpedoes were first wired together 
electrically; when blasting I'ignal was given, they 
were then lowered into the h.ilea and detonated. 

Such holes were not chambered, nor stemmed. 

For toe holes in hot ground, torpedous were ordi¬ 
nary mailing tubes filled with gelatin dynamite. 

OPXBATiNa DATA during 1920 :'.re in Table 72. 


Cu yd per shovel-shiff. 

390 

Power, kw-hr per cu yd. 

0.966 

Cu yd per truck-shift. 

131 

Truck-shifts per shovel-ehift. 

2.97 

Cu yd per gal gasolene to trucks... 

7.65 

BxploHve, lb per cu yd. 

0 436 

Cu yd per man-shift. 

13.69 

Tons per man-shift. 

29 66 


Table 71. Stripping at United Verde Mine, 



4-cu yd 
shovels 

8 -cu yd 
shovel 


784 

1 001 


64.7 

50.8 

% ftf InaHinff. 

46.4 

49.1 

8 


35 

Cu yd per bbl fuel oil to locos. 

Lb explosive per cu yd broken.... 
Cu yd per man-shift. 

46.7 

0 648 

II 8 


Operations since 1931. Ore production at United Verde was suspended in 1931 and 
resumed in 1935, when the mine was acquired by Phelps Dodge Corp. Removal of waste 
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Fis 

pedo for BlaBtins Hot 
Holes, United Verde 
Open-pit 


&om the open-pit, largely due to a dide in Mch, 1931, continued 
during the interval. J. R. Bloom, Pit Foreman, oontributes follow¬ 
ing data in 1939 on work since 1931. To end of 1935, 5 282 000 
cu yd of waste was removed. Stripping condsted in cutting back 
the diorite bank to a 1 : 1 elope a^ve the 160-level and main¬ 
taining a 0.5 : 1 elope below. Benches were left at various inter¬ 
vals above the lOO-level. All material was hauled by locos to 
waste dumps about at same elev as lie loading. In 1935, 
dump space was no longer easily accessible, requiring longer 
hauls on heavy grades. The 4-cu yd, full-revolving, crawler 


Table 73. Major Equipment for Later Stripping at 
United Verde Open-pit, 1931-1935 


No 

Item 

Type 

\/t, size, nr capao 

2 

D-c C1-..C ahovcl 

Full-revolv crawler 

4-cti yd dipper 

1 

D-o elec shovel 

4 < 4 1 4 4 

2.5-cu yd dipper 

4 

A-o elec shovel 

4 4 1 * tS 

1.75-cu yd dipper 

3 

Steam locos 

Switch 0-6-0 

82.5 tons 

2 

Steam locos 

Switch 0-4-0 

53.5 tons 

1 

Gasolene loco 

Switch 0-4-0 

30.0 tons 

I 

Gasolene loco 

Switch 0-6-0 

30.0 tuns 

20 

Air-dump cars 

Lift-door 

25 cu yd 

8 

Air-dump core 

Drop-^door 

25 cu yd 

1 

Locomotive crane 

Full-revolv, 7-lever 

100 tons 

1 

2 

Dump dozer 

Track shifters 
Gondolas, flat cars, 
and tank car 

Comp-air 

Peterson 

42-in blade 


shovel proved far more satisfactory than the K R-type steam 
shovels used earlier. The Ecnaller elec shovels were used mostly 
as alternate units. Blastino practick resembled that employed 
on the original stripping; coyote blasting was unsuited to main¬ 
tain a safe final bank. Four elec chum drills, with jackham¬ 
mer and Leyncr air drills, were used; explosive, 35% and 60% 
quarry powder, 35% and 60% gelatin stick. 


Table 74. Data on Stripping, United Verde Open-pit, 1931-1935 


Caved waste removed, cu yd . 

Solid waste removed, cu yd. 

Total tcu yd in place). 



.. 

620 000 

4 462 000 

5 282 000 


4-cu yd 

2.5-cu yd 

1.75-cu yd 


shovels 

shovel 

shovels 

Cu yd per shovel-shift. 

1 000 

650 

475 

Cu yd per kw-hr. 

1.7 

1.5 

0.9 

Cu yd per loco-shift (steam). 


500 * @ 3/4 niile 


Cu yd per bbl fuel oil. 


62,0 @ 3/4 mile 


Cu yd per looo-sbif t (gasolene). 


250 @ 1/2 mile 


Cv yd per gal gasolene. 


9.5® 1/2 mile 


Lb explosive per cu yd broken. 


0.412 


Lb explosive per cu yd removed (a).. 


0.348 


Cu yd per man-shift. 


20 



Ca) Includes caved material. 


Ore mining in lower pit was resumed Jan, 1035, and continued that year in con¬ 
junction with stripping. Since 1936, stripping has been confined to waste from within the 
orebody, and caved material from the banks. For proper classification of material loaded, 
the smaller shovels were best. Three classes of ore, dircct-emclting, concentrating, and 
converter, and waste material, were dumped into separate transfer raises. After passing 
through the 900-level grizzly chamber, they were hauled out the 1 000-level haulage 
tunnel to outside transfer bins. Blockholing of large pieces was required on 900-level to 
















10-446 


OPBN-CUT liDNINa 


paaB the material throQi^ the 15-iii grizely. BjBBAxmo obouno. The 100-ft vert Uook 
between mine leveia wM removed in 3 cuts from 27 to 37 ft, depending on location of ore 

Table 7B. Major Equipment, United Verde Open-pit, Since 1936 



Item 

Type 

W t, size, or oapae 

D-c elec shovel 

A-c elec shovels 
10-wheel, Il.25x24-in 
pneumatic-tire trucks 
IJnn tractor trucks 
Caterpillar No 75 trac¬ 
tor 

Full-revolv crawler 

• 4 II 41 

Double dual rear drive, 
2-way hyd side dump 
2-way hyd side dump 

Bulldozer 

2 V2 cu yd 

1 3/4 cu yd 

20-ton pay load or 
9 cu yd 

8 cu yd 



pillars beneath. Drilling was similar to that described above. Hot ground was blasted 
with same precautions, but 4 by 4-in wrapped 35% blasting gelatin powder was used in 

Table 76. Drilling Equipment at United Verde Open-pit 
Since 1936 



1 lenis 

Type 

Size or weight 

3 Churn drills 

Spudding 

6-in holes 

25 Jackbanuners 

Wet-head 

2.5-in cyl; V/g-in qtr oot 
steel. 45-50 lb 

5 Tripod-mounted 
drifters 

.\uto-fced Leynor 

3.5-in cyl; 1.25-inround 
steel. 156 lb 

3 Wagon drills 

Gravity-feed leyner 

3.5-in cyl; l.2S-in round 
steel 



chum-drill holes at temp to 120“ F. Type of drill was detemiined by the hardness and 
broken or solid character of the ground. Approx 20% of mining crew’s time was for 

barring down and trimming 

Table 77. Data on United Verde Open-pit Mining, the high banks above the 
1937-1938 lower pit; this had to be 

—.— — — ' ' ■ ■ .I I .. . I done when falling rock 

Waste, cu yd. 698 000 would not endanger shovel 

Ore, cu yd. 465 000 and churn-drill operators bc- 

Total removed {cu yd in place). 1163 000 low. Table 77 gives data 

— when all material was passed 

tlirough transfer raises and 

_ shovel haulage tunnel. Conclu- 

Cu yd per ehovel-sbift. 450 450 I* i® estimated that 

Cuydperkw-hr. 0.9 l.l the completed United Verde 

Cu yd per truck-shift. 210 (f’ig 674) will have a 

Cu yd per gal gasolene. 12 vert depth of 1 100 ft; area 

Ft of hole per churn-drill-ehift. 13,0 within the excavated outline. 

Lb explonve per cu yd broken (a).. 0.499 60 acres; area of lowest 

Lb esploeive per cu yd removed (b). 0.508 level, 0.9 acre. A total of 

Cu yd per man-shift (c). 9.8 19 200 000 cu yd (in place) 

(a) Does not include raved yardage, nor exi>lnsivcs for bulldos- 
ing on grisslies. (b) Includes explosives for bulldozing, (cj In- resenting 10 200 OW ^s^ 

eludes labor for final disposal to smelter cars or waste dumps, ere ana approx 31 000 000 

tons of waste. 

Hew Cornelia mine, Phelps Dodge Corp, Ajo, Ariz. Data contributed through 
courtesy of II. M. Lavender, Gen Mgr of Mines, in 1939; see also Bib (100). (Copper min¬ 
erals, chiefly chalcopyrite, occur in fracture planes and disseminated in quartz monzonite, 
also to a lesser extent in adjacent diorite and rhyolite, and form a largo orelxidy mined by 
open pit. Deposit was o\ orUin by an oxidized zone from which 17 000 000 tons of carbon¬ 
ate ores, averaging 1.38% Gu, were mined and treated by leaching. Operations now confined 
to underlying sulphide ores. O’ebody is alx>ut 4 800 ft long and 2 700 ft wide; aver 
original thickness, 425 ft; max thickness about 1 000 ft; it pitches under waste covering 
at one end, where pit limits ure determiiied by economic depth of stripping. Ore reserves 
at Jan 1,1937, were estimated from the pit layout then planned as approx 155 000 000 tons, 
averaging about 1% Cu; added tonnage lies outside of pit limits. Much of the ore area 
18 hard and siiiceous, breaking into large boulders; overburden generally softer .than ore 


(a) Does nut include caved yardage, nor exjilnsivcs fur bulldoz¬ 
ing on grizzlies, (b) Includes explosives for bulldozing, (c) In¬ 
cludes labor for final disposal to smelter cars or waste dumps. 
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Explorstion involved 270 diaznond-KlriU and 15 ohum-^rill holes, totalling 146 569 ft (Art 
10*b). Mining ca.bbonatii cappinq involved lemoval of 3 tnihoralised hills; elevations, 
115-165 ft above general surface. These were mined in a single lift (without benches). 
Banks higher than 45 ft were broken by “coyote" or tunnel blasting; lower banks, by 
chum and air drills. Ore was loaded by steam shovelB into 20-cu yd air-dump cars and 



Fig 678. New Cornelia Open-pit, Ajo, Aris, as of Jan 1,1939 


hauled by steam locos tc. crushing plant; aver haul, 1 mile. After carbonate hills had been 
leveled, remainder of oxidised ore was mined' by 30-ft benches. Minino buIiPHIdbs. Fig 
678 shows lay-out of present pit. Entry is through an approach cut starting 2 000 ft from 
the crushing plant, and rou^ly paralleling the E side of pit; track in bottom of approach 
is on 2% adverse grade. Near entrance, branch lines eztmd £ to waste dumps. At Jan 1, 
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1939, bottom of pit w«i465 ft below topmost level, and 176 ft below aver elev of the rim. 
Aver height of banks, 60.ft. Bench tracks are kept level and make a complete loop within 
the pit; 6 % grade is used on ramps; 90-lb rail on approach and 70-and 90-ibtm pit tracks. 



DB1I.UNO AMD BLASTING. 

Primary drilling is chiefly 
with elec churn drills; in 1938 
about'80% of ground broken 
was thus drilled. Wagon-type 
air drills are used where depth 
of hole is less than 20 ft; where 
topography is too rough for 
them, air drills are suspended 
from tripods. Chum drills 
use 9-in bits. Fig 679 shows 
arrangement of holes, drilled 


to 6 ft below grade. They 


are column-loaded and deto¬ 



nated with Primacord. Bot¬ 
tom charge is 40% gelatin 
dynamite in 6 by 8 -in cart¬ 
ridges; charge in the col¬ 
umn, 60% granular powder. 
Amount of ground broken 
per blast is 1 000-400 000 
tons; aver about 40 000. 
Wagon drills have 4-in pi.s- 
tons, and use li/ 4 -in round 


Fig 679. Bench Blasting, New Cornelia Mine, Ajo, Aris steel, with 4-ft changes. Same 

machine, with special mount¬ 
ing, is used for hard toe holes. Air-drill holes for primary blasting are chambered 
with 60% gelatin; final loading, except in wet holes, is with granular powder of 60% 
or 70%. Cuttings from all holes are sampled for grade control. Loadino and hauuno. 


Table 78. Major Equipment of New Cornelia Open-cut Mine, Ajo, Ariz, 1939 


Classification Units Item 

Primary Optrations 

Loading 5 4 l/j-cu yd riectric shovels 

2 4-cu yd electric shovels 

Haulage IS 70-ton oil-fired steam loros 

60 20-cu yd dump cars 

31 30-ru yd dump cars 

4 22-cu yd automobile trucks 

Drilling 13 Klectric churn drills 

8 Wagon drills 

Miscel 4 Bulldosen 


Strvire and Maintenatire 

Haulage I Locomotive crane 

servicing 3 'I'rark-shiftcrs 

I Service lubrication truck 
I Sprinkler truck 
I I V2-ton supply truck 
1 I l/2-tot, pick-up truck 
3 Railroad motor cars, one 
equipped with imt-aid 
eriuipment 

7 Railroad trailer ears 
I Garage with an overhead 
crane, fully equipped with 
took and supplies 


Classification Units Item 

Churn-drill I Railroad motor carequipped 

maintenance with hoist on trailer to 

handle distribution of 
drill bits and supplies 
I I 1/2-tun truck with hoist to 
handle drill bits and 
supplies 

I Drill sharpening shop as 
follows: 

3 mechuiiical-elec sharp¬ 
eners 

4 fuel-oil furnaces 

3 bit-tempering tubs 
I overhead crane fur trans¬ 
porting bits 

I complete welding outfit for 
drill repairs and drill 
easing salvage 

Air-drill I Drill sharpening shop as 

maintenance follows: 

3 bit grinders with low- 
press exhaust system 
3 clue tempering furnacee 
I pot and crucible furnace; 
fuel oil 

I oil tempering bath 
I salt bath 
I threading machine 
I bit sharpener 
I power hacksaw 

5 air compreason 

Blasting 2 Powdwhouaes 

equipment 
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Ore sad waste are loaded by 4.5>ou yd else shovels into 20- and 30-ou yd side-diimp oars, 
hauled to the coarse crushing plant by ml-fired steam locos. Stripping on upper'benches ia 
facilitated by 22-eu yd dump trucks. Bulldosers are used to build ramps and roadways, to 
clear areas for drills to operate, and to grade benches for laying tracks. EQUiPiCBirr. Table 
78 lists main items in use in 1038; ofzhatino data are shown in Table 79. From the 
beginning of operation to Jan 1, 1939, a total of approx 55 000 000 tons of ore (carlxmate 
and sulphide) and 30 000 000 tons of waste had been mined. Production in 1938 waa 
4 974 8^ tons ore and 5 825 004 tons waste. 


Table 79. Operating Data, Hew Cornelia Mine, Ajo, Ariz, Tear 1938 


Aver tons mined per shovel-shift in ore.. 3116 
Aver tons min^ per sbovel-ehift in 


waste. 3 473 

Aver tons per haulage shift, locomotives. I 552 

Aver tons per haulage shift, trucks. I 159 

Aver haul in miles, ore and waste. 1.7 

Ft drilled per drill-shift; wagon drills... 122 
Ft drilled per drill-shift; tripod drills... 83 


Ft drilled per drill-shift; churn drills.... 49 

Tons ore and waste broken i>er lb powder 

used. 4.38 

Tons ore produced per man-ehift. 30,5 

Tons ore and waste i>rodueed per man¬ 
shift. 66.1 

Power, kw-hr per ton (eleotric shovels 
only). 0.2319 


Arkansas Mountain stripping. Overburden is being stripped from a hiU at S W side of the New 
Cornelia pit, with elec shoveling and truck haulage. The steep slopes and limited space for tracks 
prevented rail haulage, and the short haul to available dumping space was favorable for truck 
haulage. Shoveling started Mch, 1937, and to Jan 1, 1939, approx 3 000 000 tons jrere stripped. 
A 4.S-CU yd elec shovel, and 4 22-cu yd dump trucks were used. Benches were at 60-ft vert inter¬ 
vals, progressing upwards from bottom of the slope to top level, 300 ft above uppermost level 
in main pit. These levels are now 

Tn.ckH.,,U„,Ark..a»Mt,AJ,^Ariz,l»aS 

topmost downwards. The shov- Total number of trucks in service. 4 

els, trucks, drills, and other Tons hauled. 2 320 738 

equipment were shifted over Number of truck-shifts. 2 001.6 

ramps with grades up to 28%. Tons hauled per truck-shift. I 159 

Air drills were used on the steep Length of haul, miles. 0.28 

slopes; churn drills, when the Aver ratio of truck-shifts to shovel-shifts.. 3 

benches were established. 


Morcnci, Ariz (Phelps Dodge Corp). W. C. Lawson in 1938 described the preliminary 
stripping operations begun in 1934 (6^). Orebody is a large, low-grade deposit of copper 
minerals, chiefly chalcocite, disseminated in porphyry. Exploration by diamond drilling 
and underground openings indicated total reserve of 284 000 000 tons, assaying 1.036% Cu, 
with small amounts of Au and Ag. Pit limits are planned to extract 230 000 000 tons, 
having 1.06% Cu; reduction from the total represents establishment of grade cut-off 
limits, excluding portions of orebody carrying high stripping ratios. Aver thickness of 



capping, 216 ft; max, 500 ft; estimated stripping ratio, 1.04 ton of waste to 1 of ore. 
Ultimate pit depth of 1 300 ft, below highest point of capping, and over-all slopes of 45* 
are planned. Character of capping varies, but drilling conditions ore generally good, 
though occasional ribs of high-quartz material break with difficulty. Genbbal pi^an 
comprises uncovering an area nearest the millsito, and developing the pit for rail haulage, 
including switchbacks to upper benches and waste dumps and roadbeds to the mill, 31 /a 
miles by rail from the pit (Fig 680). Banks will be 50 ft high, with 100-ft bench widths. 
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For many years, eradee ior both ore and waste haulage will be favorable. Aver haul 
between pit and assemUbr ywd will be about 2 miles; from the yard, haul to crudiing plant 
will be It/s miles, on 0.4% grade. Upper benches will be reached by 4 switchl»ekB over a 
ruling grade of 4%; tracks to main dumps, on 0.2% grade. About half of total stripping will . 
more in direction opposite to ore movement; remainder will go to dumps over same tracks 
as ore. Longest waste haul, about 3 miles. Extreme roiighnera of topography led to choice 
of automobile trucks for haulage during preliminary stripping. Trucks proved hiiddy 
flexible, disposing of waste in canyons to crossed by rail. Pbepabation. First work 
was building about 6 miles of service and truck-haulage roads. About 75% oi all roads 
required drilling hillside slopes with large jackhammers suspended from tripods with block 
and tackle. Drills were chucked for 1.25-in round steel; all holes drilled dry, with detach¬ 
able bits. Some through-cuts were made with a 1-cu yd Diesel shovel, and 5-cu yd trucks 
with wheel-base of only 121 in, permitting short-radius turns. Other preparatory work 
Included extension of water, air, and power lines to pit, building shops, and grading for a 
new townsite. Dbilumo and slastino. For all primary drilling in stripping, elec chum 
drills with 9-in bits are standard. Holes are drilled 8-10 ft below grade and column-loaded 
with bag powder, with 1 case of gelatin in each hole as a primer, detonated by Cordeau or 
Primacord. Easily accessible boles are stemmed with mill tailings, using 1 line of wire- 
bound fuse; other holes are stemmed with rock screenings, using 2 lines of double-countered 
fuse, because the coarser stemming may injure the fuse. Aver advance per chum-drill 
shift, 85 ft. Drill bits aver 55 ft per sharpening. In blacksmith shop, 3 men with mechanical 
sharpener can sharpen and temper 22 bits per 8 hr. Loading. In 1938, 4 fuU-revolving, 
Ward-Leonard control, elec shovels were in service; 3 had 4.5-cu yd, manganese-steel 
dippers; the fourth, a 5.5-cu yd, alloy-steel dipper, which weighed, plus full load, less than 
the loaded 4.5-cu yd dipper. Shovels receive irawor at 2 300 v through trail cable. Auto¬ 
matic water sprays are located ahead of the shovel to control dust. During first few months 
of 1938, about 5 000 tons were loaded per 8-hr shovel-shift. On a 2-Bhift basis, delays to 
shovels in waiting for trucks and in renairs were only 8% of total possible loading time. 
Power consumption averaged 0.186 kw-hr per ton loaded. Haulaob. Equipment (1938) 
consists of 18 22.5-cu yd, end-dump, 6-wheeled, gasolene trucks, each of the 4 rear wheels 
having 2 13.5 by 24-in pneumatic tires; pay load, about 35 tons. Bench widths permit 
a truck to be spotted on each side of shovel; this minimizes arc of shovel swing, and an 
empty can be backed into position while shovel is loading truck on opposite side. A bull¬ 
dozer at each shovel keeps surface smooth. Aver haul (1938) is 0.6 mile; max, 1 mile. 
On favorable roads, grades to 15% can be negotiated at very slow speed; max grade of 10% 
is set where possible; for long stretches, 6 or 7% grade is preferable. Top speed on slightly 
favorable or level grades, loaded or empty, is 15 miles per hr. Sprinkler trucks control 
dust on roads. While mining is suspended on “graveyard” shift, half the trucks go to repair 
diop for servicing; hence, each truck is serviced after 32 hr operation. There is a complete 
tire-repair shop, including vulcanizing equipment. Delivery of gasolene to trucks and 
incidental servicing is by a specially designed truck, the carrying tank of which is divided 
into 2 compts for gasolene and Diesel fuel oil; greasing equipment and a small gasolene- 
driven compressor are attached to the truck frame. When length of haul one way is 1 mile 
and a shovel is loading 5 000 tons in 8 hr, 10 trucks are needed for uninterrupted work. 
Costs. During first 5 mo of 1938, cost of operating a 4.5-cu yd elec shovel per 8 hr, includ¬ 
ing maintenance, was $52.81; of a 22.5-cu yd truck, including road maintenance, $31; 
bulldozer, $22.32; chum drill, $30.75. Cost of tmek haulage per ton was 3.8^; per ton- 
mile, 6.1^, distributed as follows: maintenance, 32%; tires, 21%; driver, 19%; gasolene, 
14%; road maintenance, 10%; misc, 4%. Above costs are on basis of new equipment 
and relatively short period of operation. 

Chile Exploration Co (Anaconda), Chuquicamata, Chile. Data from W. D. B. Motter, 
Jr, in 1939. Orebody, comprising a mineralized shear-zone in granodiorite, is the world’s 
largest known copper deposit; developed for a length of 1.85 mile, with max width of 
3 300 ft. Antlerite (formerly referred to as brochantite), krShnkite, and cbalcanthite are 
chief minerals of oxidized zone, below which lies, first, a zone of mixed oxide and sulphide 
copper minerals, and, deeper, a body of sulphide ore. In 1935, a preliminary estimate indi¬ 
cate reserves of approx jOO 000 000 tons of oxidized ore, aver 1.75% Cu; 100 000 000 tons 
of mixed oxidra and sulphides, aver 2.87% Cu; and 575 000 000 tons of sulphide ore, aver 
2.27% Cu; total, 1 035 000 000 ton.*, aver 2.15% Cu. Some areas are overlain by waste cap¬ 
ping. Ore is moderately hard a'- d, due to soft mineralized seams, breaks coarsely in blast- 
ing; gyratories at coarse-crushing plant have 60-in openings, thus reducing block-holing in 
the pit. Topography permits long working faces, for many shovels and ore trains. In Jan, 
1939, 15 benches had been opened and 11 were being worked, with 13.6 miles of bench 
faces. Upper benches are 37-64 ft high; lower benches, all 40 ft. The pit has produced as 
much as 59 142 tons of ore and 33 510 tons of waste in 3 8-hr drifts. Prr squiphent com- 
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pdses (Mar. 1939): two 8-ca yd full-revolving elec ebovels on R R truoks, one mainly for 
development, the other held in reserve; six 4-ou yd cBterpillar eleo ahov^; nx 4-ca yd 



R Rr-type caterpillar eleo shovels (all of the above, except one S-yd shovel, are Ward-Leon- 
ard control); seven 4-ou yd RR-type cateipillar elec shovels with a-c motors; total, 21 
shovels, all equipped with cable-drums for spotting cars while loading, thus relieving the 
locos; three 0.75-yd Diesel shovels on caterpillars for misc cican-up work; 2 road graders; ? 


Fig 681. Plan of Open-pit, Chuquicamats, Chile, at Jan 1,1939 (RR trsekage on benches omitted) 
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Nordberg track ahifters; 93 Cyclone elec chum drills; one 29-TBac5nru8-£k’ie drill; 19eler 
locos, 76-87 ions, comlanation cable-reel, third-rail, and some with trolley (operating on 
third-rail on main lines only and with cable on benches and waste dumps); 16 steam 
locos, 85-91-tonH; 460 70-ton steel ore cars, dumping in a rotary dumper; 32 30-cu yd and 
80 20-cu yd air-dump waste cars; 6 steam cranes 16-120-ton capao, 4 of which are self- 
propelling; one 46-ton all-elec self-propelling crane; 14 fiat cars; dropped-center cars for 
transporting small shovels and drills; 1 steam spreader plow. As of Jan, 1939, there are 
68.8 miles of std-gage R R track, of which 38.7 miles are electrified. 

General pit operationB. All benches but the first are on level grades. In general, 
approach tracks (Fig 681) have a max compensated gradient of 3%; 100-lb rail on main 
lines and approach tracks, and 80-lb on benches. On approach tracks the max curvature 
is held to 10°, and on bench tracks to 20°. The 40-ft height for benches in lower part of the 
mine was adopted because an 8-yd shovel with a 90-ft boom can readily load into cars 
spotted on the hoiich above; such shovels arc used for opening now lienches. The min 
width of bench, of 3 times height of face, reduces interruptions to traffic when blasting. 
It is now planned to carry the pit depth to about 200 ft below the outlet, before changing 
to underground mining, but this point will not be reached for many years and the pit may 
be continued much deeper. Unusual features of operation at Chuquicamata are the method 
of spotting cars at the sliovels by drum and cable mounted on the shovel, and the use of 
LOX explosive, as described below. 

Breaking ground. During early operations, tunnel blasting was found the best 
method, because upper horizons -were honeycombed wnth old underground workings. 
Churn-drill holes are now used exclusively. The older rigs drill an aver of 46 ft of 8-in hole 
per 8 hr. Modern rig drills 88 ft of 8-in hole, or 66 ft of 10.5-in hole, per 8 hr; the latter 
size is being tested (1039) to replace 8-in holes. Gill bits are used, drilling an aver of 36 ft 
between sharpenings. Holes are cased at collar, and are column-loaded with si>lit or deck 
charges. Single blasts may break 70 000-150 000 tons or more; 60% free-running ammonia 
dynamite is used. LOX (liquid-oxygen explosive) has been largel.v used since 1926, 
breaking more than 22 000 000 tons; it is cheaper, more effective, and somewhat safer 
than dynamite. In Jan, 1937, a premature exiilosion of black powder oecurred; its use 
was thereupon permanently abandoned. Due to the fact that LOX also is inflammable, its 
use was suspended until it could be rendered non-inflammahle. Experiments sponsored 
by Chile Exploration Co and conducted by U S Bur of Mines have succeeded in producing 
a non-inflammable LOX. ('arbonized lignin residue, packed in canvas bags, i.s the absorli- 
ent; rendered non-inflammabie by addition of inuisturc and phosphoric acid, and the 
canvas is fireproofed by diaminoniuni phosphate. 3'he volumetric effcctivenes.s of LOX 
is reduced about 5% by this treatment, still leaving it more effective, on the weight basis, 


Table 81. Operating Data, Chile Exploration Co, Chuquicamata, Chile 


1937 1938 


Tons ore mined. 

Tons waste removed. 

Total tons material moved. 

Stripping ratio, waste to ore. 

Aver daily tonnage, all material. 

Tons moved per lb explosive . 

Tons moved per man-shift (inci employees and labor—shops and all 

outside labor). 

Aver tune (dry) loaded per shovel-shift: 

Ore. 

Waste. 

Average (weighted). 

Electric power consumption per ton material (ore and waste) moved, 
kw-hr per ton: 

Electric shovels. 

Electric locomotives*. 

Electric drills. 

ConipresBors. 

Shops. 

Miscellaneous... 

Total. 

Aver ore haul, miles... 

Aver waete haul, miles. 

Ton-miles iier kw-hr. 

* Some material handled by steam locos; consumption by electric 
locoe alone was, in the respective years, 0.523 and 0.592 kw-hr. 


13 761 262 11 605 569 

8 690 366 6 333 430 

22 451 628 17 938 999 


0.631 

0.546 

69 931 

58 030 

2 79 

2.83 

24.45 

21.98 

2 331 

2 588 

2 052 

2 595 

2213 

2 590 


0 355 

0.333 

*0.419 

*0. >37 

0 046 

0.047 

0. 193 

0 197 

0.032 

0 038 

0.067 

C 071 

1.112 

1.223 

2.96 

2.52 

1.73 

1.69 

4.60 

3.63 
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than the 60% dynamite. Substitution of LOX for dynamite entails no change in depth, 
ohambwing, or spacing of drill holes, but an 8 t/g or 10 i/s*in hole is better for LOX than an 
8-in, to concentrate this less dense explosive at the bottom. The Co makes its own Uquid 
03i^gen in a plant with a capac of 250 liters per hr. LOX blasts are fired within 1 hr after 
beginning charging. All blasts, except secondary shots, are detonated with Piimacord, 
which has replaced Cordeau. Considering a typical single-row blast (multiple rows are 
occasionally used) in a 40-ft bank, 8-in holes would be spaced 13 ft c-c, 23 ft back from toe 
of bank or about 6 ft from the rim, resulting in a burden of 850 tons per hole; with 20% 
ovwbreak, the broken ground is 1020 tons per hole. For data on earlier practice at 
Chuquicamata, see Bib (638). 

Flin Flon open-cut. Data from M. A. Roche (669) in 1933 and 1935. Orebody is a 
steeply dipping lens of hard pyrite, banded with greenstone ledges and fringed on one side 
by softer disseminated ore. Outcrop is 2 600 ft long and 450 ft wide at middle, tapering out 
completely at ends. All but about 600 ft at its mid-lengtii lay under 12-15 ft of water (an 
arm of Flin Flon Lake) and 15-90 ft (aver 20 ft) of mud and clay. After building 2 dama 
from shores to a conveniently situated island, an area enclosing all the submerged outcrop 
was emptied of about 4 million gal in 2 mos by 2 Morris 10-in dredging pumps, against aver 
head of 50 ft; mud and part of the clay was dragged to the pumps by 3 V-scrapers with 
35-hp slusher hoists, aided by high-press water jets. Another scraper handled boulders. In 
3 summer seasons, 789 300 tons of material were thus removed, costing 15^ per ton; remain¬ 
ing 288 500 tons of bottom clay was removed later by power shovels and Shay loco. Only 
the upper 300 ft of orebody will be mined by open-cut (see Art 43 for underground meth¬ 
ods), involving about 1 000 000 tons of overburden, 5 000 000 tons of ore, and 2 000 000 
tons of waste rock. In late 1933, the pit was 150 ft deep and 1 300 ft long; approached by 
through cut on 6% grade from narrow north end, track being laid on hanging-wall (green¬ 
stone), with switchbacks near opposite schistose wall. Brxlsxzmo oboumd. During 3 yr, 
8 No 29 Armstrong elec drills (550-v, a-c), caterpillar mounted, averaged 15-17 ft of 
6-in hole per lO-hr drill-shift, mainly in hard sulphide and greenstone. Holes, usually 50 ft 
or deeper, to about 5 ft below grade, are 16-20 ft apart, and staggered in rows 20 ft apart; 
first row about 20 ft from edge. They are chambered by successive charges of 50% gela¬ 
tin, stemmed with water; then loaded with about 700 lb gelatin in 5 by 16-in cartridges, 
to about 20 ft from bottom, and stemmed with 10 ft of sand; above this, a “deck” charge 
about 15 ft high is confined by sand to top of hole. Owing to conductivity of sulphides if in 
contact with wires, a defective circuit can not be detected by galvanometer; enameled 
lead wires ore therefore laid into grooves along opposite edges of a wooden strip and taped 
in place; primers are also attached to this stick. Besides the main blast holes, a row of 
unchambered rim holes, spaced 5-10 ft, is loaded with alternating top and bottom charges 
only sufficient to break hole to hole. As much track must be moved before blasting in this 
narrow pit, large blasts are made at long intervals; the ore is also better broken by firing 
many holes simultaneously. In a blast of Nov 23, 1932, 639 holes, averaging 44.43 ft deep 
(which took 1 930 8-hr rig-shifts to drill and 16 050 lb explosive to chamb^) and containing 
239 650 lb of 50% gelatin, broke 443 153 tons, of which 292 484 tons were ore. Blast of 
Sep 13, 1933, broke an area 700 ft long by 150 ft wide with 232 main holes and 175 rim 
holes (aver ^ ft deep) along foot and hanging walls, affording 471 980 tons of ore and 
33 613 tons of waste; explosive (50% gelatin), 15 850 lb for chambering and 246 000 lb in 
blast. Aver craisumption of explosive since loginning this work has been 0.351 lb per ton 
broken, incl 0.031 lb for chambering. Loadino and hauuno. Each of 2 Marion 4 160 elec, 
150-ton, full-revolving, caterpillar-mounted shovels, with 4-yd dippers and 29.5-ft booms, 
loads 1 000-1 500 tons in 10 hr, dumping 20 ft above grade with 37-ft reach. Cars (23 in 
service) are 22.5-yd (60-ton), drop-door, side-dumped by air. Motive power indudes 2 
General Electric 85-ton locos, and several 20-ton size for spotting. The large locos haul 
2 60-ton cars from pit on 6% grade; they have hauled up to 3 000-3 500 tons 2 miles in 
10 hr; usual aver is a little over 1 000 tons per loco. Wlien pit roaches its full proposed ex¬ 
tent, it will have about 8 000 ft of track (85-lb rail), besides that in yards and waste dumps. 

Asbestos mining in Quebec. Data from W. A. Rukeyser (S70) in 1932. In scattered plares 
in a long serpentine belt, fractured rock carries ohrysotile in seams to max of 3-in width, usually 
much narrower. Rock containing os little as 2% asbestos has been mined; generd aver, A.26%. 
Fiber 0.76-in and longer commands premium, and has commonly been hand-sorted for special 
treatment, remainder going to crushing and separating mills. Where sorting and loading is by band, 
requiring rock to be broker small, benches are usually blasted with 10 to 16-ft vert holes, drilled 
by light hammer drills at cost of 3-17^ per ton broken; sorted material, incl waste, is shovded into 
eteel boxes holding 2.6 tons, which are dumped by crane into 10-ton cars, hauled out of pit as 
described below. Recent trend, induced by diminishing proportion of long fiber and its smaller 
premium, is towards mechaniedi loading direct into ears, with only such sorting of waste as a shovel 
can accomplish. Of rock mined in 1929, 30% was waste compared with 13% in 1919. Power 
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shovda permit heeviw fabating with deeper holes wed higher bendiee. BmeAXma book; Vert 
holes 32- 40 ft deep (75 It et one mine)t 10~2S ft beck from fnoe, end spaaed 5 ft or lees, are made 
with heavy hammer drills on portable derricks, starting at 3.375 in, finishing at 1.126 in. Toe holee 
are drilled by same machines, differently mounted. L«wer third of hole is loaded with 75% gelatin; 
remainder of charge, 30-60 lb pi 40% dynamite; about 20 holes are elec fired at a time; some blook- 
holmg is needed Aver brealc, 8 tons per lb explosive; eost of explosive, 4-74! per ton. Loadzho 
and racumg Caterpillar steam shovels with 2.6-yd dippers have been commonest; gradually 
replaced, since 1029. by elec shovels of same or 4-yd siae. Side-dump, 10-ton cars are usual; one 
large mine has air-dumped, 30-ton cars. In pit bottoms, steam, gas-elec, and elec locos of trdley, 
battery, and cable-reel types, have all been used. At Jeffrey mine, a circular pit 2 000 ft across and 
200 ft deep, developed by spiral benches with 6.6 miles of track, trains of 30-ton can are hauled by 
60-ton elec locos from pit bottom to mill. In smaller and deeper pits, locos deliver cars at bottom 
ot an inotmed tunnel, up which the cars are hoisted, 2 at a time, to or near the mill; 3 sucli tunnels 
are 967. 1 045, and 1 100 ft long; grades from 10 to 37%. King mine, with a pit 1 200 by 1 000 ft 
and 400 ft deep, retained suspension cableways (1 400-ft spans) after they had generally been 
abandoned at other large mines, using them to hoist 10-tun loads hauled into pit from underground 
shrinkage slopes on 300-ft level. For method of block-caving at King mine, see Art 80. 

Gasolene shovels in open-pits. According to W. It. Moorehead (320) New Idria mine, Calif, 
in 1931 produced daily about 760 tons of low-grade ore (0.086% Hg), in a fractured sandstone with 
seams of cinnabar, from open-pit workings at outcrop of a steeply dipping lens (max 800 by 180 ft), 
from which richer portions had previously been extracted; material was dropped through a central 
r-aise to grisxly and conveyer belt in adit 2(X) ft below bottom of pit (Art 01). Hanging-wall strip¬ 
ping was glory-holed through another raise to same adit. Elliptical pit was worked by 2 benches at 
opposite ends Dry jackhammers drilled vert holes 15-20 ft deep, spaced 8-16 ft, and 6-12 ft back 
of crest; after chambering with 40% gelatin, each hole was loaded with 50 lb black powder, primed 
with gelatin. Of 4 caterpillar-mounted, gasolene shovels, 2 had 1-yd, and 2 had i/a-yd dippers. 
I'bey loaded into end-dump auto trucks of 6.2.!^6.25-ton capae; aver haul, 3(X) ft. On basi^ of 
21 616 tons in Sep, 1930, unit expenses included, in man-hr per ton: drilling and blasting, 0.343; 
shoveling, 0.368; trucking, 0.063. Explosives: gelatin (40 and 35%), 0.829 lb; black powder, 
0.6891b. Carson Hill mi..e, Calif. Data from J. A. Burgess (297) in 1037. Gold ore is rained in 
2 outcrop workings on or adjoining the Bull and Calaveras veins. In Union pit a soft schist ore- 
body, 40U by 60-160 ft, is mined in 20-ft benches. Holes 20 ft deep, spaced 8 ft in rows 12 ft apart, 
are sprung once with 6 sticks of 40% gelatin, then loaded with 60-100 lb black powder, and fired 
elec, 1 row at a time. Cost for explosive, 2.2tl per ton. One gasolene shovel with 1-yd dipper loads 
into 3 3-ton trucks; aver haul to ore-pass, 600-900 ft. Crew, shovel runner, 3 drivers, 1 or 2 
drillers, averages 600 tons per day. Calaveras pit is iii a long steeply dipping band of soft schist 
60- KM) ft wide, and has raise connection with underground workings. Vert holes, 20 ft deep, 
spaced 8 ft in rows 10 ft apart, are drilled from wagon mounting, sprung first with 1 or 2, then 8 or 
10, sticks of 40% gelatin dynamite, loaded with 75-100 lb of black powder, and fired elec, 3 rows at a 
time. Cost for explosives, 6.9^ per ton. About 1 ton of hanging-wall and other waste is moved 
for 4 tons of ore. 


97. OPEN-CUT MINING WITH DRAGLINE EXCAVATORS 

General. For struclural details of draglines, see Sec 3, 27. Chief advantages of 
dragline over the power shovel, in suitable material: (a) can dig deeper below its owl 
level; max depth 2G-25 ft for small machines with 50-ft booms to 85-125 ft for those with 
185-200-ft booms; (b) can discharge at higher elev; max dumping height above base 
of machine, at boom angles of 25?-40°, is 25 ft for small, to 100 ft for largest draglines; 
aver for most draglines is 30-40 ft, with booms from 65 to 110 ft; (c) longer reach for both 
digging and dumping; max dumping radius, at lowest position of boom, may slightly 
exceed boom length (due to momentum of loaded bucket), but is usually 5-10 ft less tliaix 
boom length on medium-size draglines; max digging radius exceeds dumping radius by 
13-15 ft with the smallest, to 50 ft with the largest draglines, and depends upon operator’s 
skill in “throwing” the bucket; this added distance is i/s-i /2 the dumping height. Com¬ 
pared with shovels, chief DSf iciencieb of the dragline are; (a) except in easy digging (Table 
82), bucket load is 5-10% less than that of a shovel dipper of same capac, duo to lack of 
“crowding" effect; (b) loads can not be so accurately cliscliarged into a vehicle; hence a 
hopper or chute is usual for such loading (for exception, see Shirao pit, below); (c) bucket 
effic (% of capac actualb' filled) diminishes more rapidly with less suitable material (?.'able 
82), and almost disappears in materials offering only slight difficulty to a shovel; (d) drag¬ 
line works to less advantage on rough footwall or bedrock, and does a potirer job in cleaning 
up comers; (c) less selectivity i‘' possible, unless the valuable and worthless portions of a 
deposit are stratified or dearly segregated. Widest fields for draglines thus appear to 
be: (a) sti ipping wide areas over fairly 1. vcl deposits, as coal, phosphate beds, iron ores like 
those of the Mesabi Range, and where the overburden requires no added transport; (5) 
mining soft ores in wide and shallow bodies fairly uniform in composition and free from 
irregularities in structure. For special applications to coal stripping, see Art 100. 
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Bnck«t cOe of droKlines vuneo with nature of material, and dependa obiefly upon pcmientage of 
^ load. Table 82 givea a claaai&oation according to auitability for draglining, and the 
effic factor applioable to each claaa. In very eaay digging, aa the overbmden of Fla i)^oaphate 
depoaita (Art 98), the factor may reach 108%, due to heaping the loada. When working under 
water (aee Art 128), the factor will be lew than with dry material, due to apUlage. 


Table ftl. Bucket Efficiencies* of Draglines in Various 


Eaay digging 
factor, 95-100% 

Medium digging 
factor, 80-90% 

Medium-hard digging 
factor, 65-75% 

Hard digging 
factor, 40-65% 

Sand and amall gravel, 
<by or moist 

Loam and loose earth 
Muck 

Sandy clay 

Looae clay-gravel 

Cinders and aabee 
Bituminous coal 

Well loosened material 

Materials not hard to 
dig without blasting, 
but breaking with i 
large voids 

Clay, wet or dry 

Coarse gravel 
Clay-gravel, packed 
Packed mrth 

Anthracite 

Materials requiring 
light blasting: bulky 
and not easily pene¬ 
trated by bucket 

Well broken limeetone, 
aandatune, shale, etc 
Ores not massive in 
character 

Heavy, wet, sticky clay 
Gravel with large 
boulders 

Cemented gravel 

Blasted rock with large 
voids, difficult to enter 
Hard, tough ehale 

All hard rocks 
“CaUche" 

Mixtures of ooarae and 
fine broken material 
Tough, rubbery clay 
which shaves from 
bank 


* % of bucket capacity actually filled 


Power regairementB. Bucyrua-Erie Co states that elec draglines with Ward-Leonard control 
require 0.40-0.75 kw-hr per cu yd, on machines of all types and sues. On those driven by a-c 
motors, consumption is 0.30-0 85 kw-hr per cu yd, highest for the largest draglines. Table 83 gives 
consumption of fuel and lubricant by Diesel-dnven draglines of the walking type. 

Mayarf iron mines, Cuba Table 83. Oil Consumption of Walking-type Draglines 
(54). See Art 10-a for oro oc- Operated by Diesels 

currence. The large area of ore- 
bodies, their softness, and free¬ 
dom from overburden, favor 
use of mechanical excavators. 

Draglines are used for ore 20 ft 
thick or less, when both surface 
and bedrock arc irregular; 
steam shovels, tried first, could 
not clean bedrock without dig¬ 
ging it up, and their small 
radius of action necessitated 
frequent moves. In 1916, 2 
draglines, with 2-cu yd Pago 
buckets, handled 1000 tons per 
day (1 shift) (346). The exca¬ 
vator worked from the original 
surface, the bucket swung in a 
radius of 60 ft and readily re¬ 
moved all ore to bedrock for a 
width of about 100 ft; project¬ 
ing hummocks of ^drock, 
stumps, etc, were discarded. 

Ore was loaded into 50-ton, 
side-dump, steel cars, on tracks 
on surface. Crew: 1 operator, 

1 fireman and 3 pitmen. 

Balkan mine, Menominee 
Range, Mich. Data from C. E. 

Lawrence in 1915 (347). Drag¬ 
lines were used for stripping and 
mining a hematite deposit overlain 
by swamp, quicksand, clay, hard- 
pan, and bolder gravel. Before 

beginning work a stream eroesing the property was diverted, and a shaft sunk outside the deposit, 
with drifte and raises for draining the overburden. Fig 682 ebowa the pit, about 1 ISO ft long by 
900 ft wide; the epiral tracks (Art 96) bad a grade of 2.6%; depth of stripping, 60 to 108 ft. Slopes 
I—os 


Boom 

Bucket 

Engine cylinders 

Fud oil, 

Lubric 

ft 

cu yd 

No 

Mie. in 

gal per hr 

oil. gal 
per hr 

60 

70 

fv.) 

2 

12X15 

3.5-5.5 

0.07 

60 

3 Vs ] 





70 

’ 1 

2 

14X17 

5-7 

0.10 

80 

2 Vs J 





80 

90 

I./, j 

5 

8 3/4X101/2 

7-9 

0.12 

80 

5 ) 





100 

4 

3 

14X17 

7-9 

0.15 

120 

3 1 






5 

10X121/2 

8-10 

0.12 

85 

* 1 





105 

5 

5 

101/2X121/2 

10-12 

0.14 

125 

4 1 





no 

1 1 





125 


4 

MXI7 

10.5-12 5 

0.20 

140 

5 I 




140 

7 1 





160 

* 

5 

12X15 

13-15 

0.24 

175 

5 1 





165 

n 





165 

9 

5 

14X17 

15-20 

0.26 

200 

8 
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OPEN-CUT MINING 


of butla ware 2 :1 in fin* sud near surface, and 1 : i in underlyini craval and day; slopes could 
have been steeper in dry 4ittatoriad. The stripinnK (1.2 million ou yd) was eontracted. Two draj[> 
lines had 8Mt booms, 4-ett yd buckets, and 24>ft turntables; they were mounted on hardwood roU- 
«(s, ninnins on 4-in plank; working wt, 180 tons. Output per machine, 2 000 cu yd per 10 hr. 

loaded through a hopper into 
4-ou yd Western dump cars; 
15-ton locomotives hauled 
10-car trains 0.5 mile to a 
dump. Height of bench 
taken in one cut was limited 
to 30 ft by the flat angle of 
repose of the soft material. 
At a depth of 60 ft, some 
clay banka began to cave, 
which was stopped by dress¬ 
ing them with evergreen 
boughs or pit gravel. After 
cleaning the surface of the 
ore, the banks were pro¬ 
tected by gravel-filled cribs; 
water was kept out by a 
ditch in ore completely 
around the workings; a 20-ft 
berm was left to maintaia 
the ditch and cribbing. The 
excavators then mined the 
ore, which was first shaken 
up by blasting with 20 to 
30-ft chum-drill holes. The 
2 machines loaded about 5 000 tons per day. Draglines were adopted chiefly because of tho 
wet, mushy overburden, which would not support a steam shovel in the pit bottom; they worked 
successfully in the ore also, which was medium hard. 

Shiras pit, Mesabi Range, Buhl, Minn. According to E. E. Hunner (600) a revolving elec shovel 
equipped as dragline (Sec 27), with 150-ft boom and 5-cu yd Page backet, was used to strip and 
remove ore from a long, narrow, irregular orebody. Overburden, 25-30 ft deep; ore, 40 ft deep, 
12&-200 ft wide, 1 600 ft long. Starling at one end, the dragline advanced on surface along one side, 
overcasting spoil from about 2/j proposed width of pit; on return along other side, remaining 1/| 
was similarly overcast, except what was needed for grading a loading track along edge of pit; same 
machine, moved to pit bottom, then loaded ore into 60- and 73-ton can on this track, with lift of 
80 ft from bottom of ore to top of ear. Crew, excluding rock picken: 1 operator, 1 oiler. 1 pitman, 
2 car trimmers and brakemen. Aver output. 1 250 tons per 10-hr day. 

Cuban Mining Co, Crieto, Oriente Prov, Cuba. Data contributed in 1939 by F. S. 
Norcroaa, Jr, Gen Mgr. The orebody, which occurs as a persistent bed of manganrae 
oxides of variable thickness, is overlain by 2-40 ft of tuffs, covered in turn by argillaceous 
limestone. General dip of the formations is 14° N, but with steep asymmetrical folds, 
and normal and reverse faults with throws to 40 ft. Principal working mine is an 
open pit, now 2 600 ft long by 1 000 ft wide (Fig 683). Orebody outcrops to S, and 
dips under heavy overburden to N W. Original strippino was done by tram haulage; 
now generally superseded by the dragline. Overburden now being removed is chiefly 
along the N and W boundaries of the pit, where stripping may reach a depth of 120 ft, 
with a Bucyrus-Monighan walking dragline having a 4-cu yd bucket and 120-ft boom. 
To early 1939, this machine has removed 00 ft of overburden along N wall and stacked the 
waste in a 55-ft bank (Fig 683). To provide dump area for deeper cuts, the previous spoil 
will be moved back by dragline recasting or a tower cableway, making a final bank say 
600 ft wide and 55 ft high. At a depth of 00 ft, pit slopes are 1 :1 in the limestone series 
and 1 :1.2 in the softer tuffs. The overburden requires little blasting; where necessary, 
5 20-ft jackhammer holes are shot with 40-60% dynamite. Operating data for the dragline 
per 8-hr shift are: output, 1 000 cu yd when digging overburden to 90-ft depth, 1 500 cu yd 
when recasting an average of 200 ft back; crew, 1 operator, 1 oiler, 2 pitmen; power 
consumption, 500 kw-hr; maintenance and repairs, $6. Secondary stripping inside of pit 
limits, or where overburden is shallow, is done by a 2.25-cu yd dragline, casting into adjacent 
mined areas. Ore produ.-tion (1 000 to 2 000 tons per S-hr shift) is handled by a 2-cu yd 
shovel and a 2.25-cu yd dragline with OO-ft boom. The 2 units work in combination so as: 
(1) to maintain aver grade by mixing ores; (2) to adapt advantages of each machine to the 
varying conditions. The shovel ia used where the ore lies quite flat; it can dig harder ore 
(thus saving in blasting) than the dragliuc, w'hieh is used in irregular areas due to its 
greater flexibility and reach. Ratio of sho-v el to dragline tonnage varies between about the 
limits of 2 :1 and 1 : 2, depending on extraction areas. Ore is blasted with lines of 2-io 
holes (to 22 ft depth) drilled by jackhammers using chisel bits. The holes are shot with 
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Fig 682. Balkan Mine Pit, Mich 
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60% dynamite or rompe roea, depending on hardness of ore. Ore is hauled 1.3 miles to mill 
in 4-cu yd dump cars. Gear-driven steam locos pull 9-oar trains. Temporary pit tracks 
have grades to 6%; mun entrance track to pit, a 4% grade. Operating data per 8-hr 
shift: for 2-<ri yd shovel; aver output, 600 tons; power consumption, 470 kw-hr; main¬ 
tenance and repairs, $7; for the dragline, aver 500 tons; power consumption, 4S0 kw- 
hr; maintenance and repairs, $5. 

Stripping coal with draglines having buckets to 12-ini yd capac has been successful in 
the Middle West, although most work is still done by shovels, with dippers to 35-cu yd 
capac. Draglines have also replaced shovels at many anthracite strippings, especially on 
pitching outcrops. For stripping both kinds of coal, see Art 100. 



Fig 683. Open-pit Mining with Dragline, Cristo, Cuba 


Tennessee brown phosphate. Data from P. M. Tyler and H. R. Mosley (338) in 1639. For 
prospecting, see Art 6,10-a. "Brown rock,” the most productive of phosphates mined in Tenn, is an 
enriched residual product from weathering of nearly horis beds of phosphatic limestone. In the 
bed of clay matrix, 2-20 ft or more thick, phosphate occurs in platy slabs, to 24 in thick, and in 
lumps and grains down to microscopic sise. Overburden of olay and low-grade matrix ranges to 
20 ft or more, with few boulders. Where matrix is rich, 6 ft yf overburden is pro6tably removed 
per ft of matrix; for lower-grade deposita, ratio is 3 : 1. Irregular pinnacles of unweathered rock 
Bometimea project to surface; or, weathering enrichment may follow deeply into the original rock 
along joint planes. Under these conditions, considerable band mining is entailed. In early daya 
of hand mining exclusively, pieces smaller than about 1 in were discarded; now, with washers 
and dotation process, overall recovery from a matrix carrying 50-60% bone phosphate is 70-85% 
of phosphate content. Most STRivpiNa and mimino is now done by draglines of 1.5-4-yd oapao, 
with 45 to 115-ft booms; shovels proved unsuitable (due to short reach) and all hydraulioking has 
been abandoned. Except where bedrock is fairly even, the smaller scrapers are best. Caterpillar 
mounting is commonest, but "walking” draglines are being introduced. A cut is usually made 
acroee the minable area, the ejicavator standing on the stripped matrix and loading ears on the 
same level or on bedrock, if it is fairly even. Stripping from next adjacent cut is then dropped into 
the apace previously occupied by matrix. When hand work ia required around pinnaelee or in 
bedrock cavities, the material may be shoveled into steel boxes to be picked up and emptied by the 
excavator, but it ia usually thrown into piles within reach of the scraper. HAT;i.Aai!i is usually by 
4-yd (3.76 dry long ton) Western side-dump care, in trains of 12-20, hauled by coal-fired locoe. 
At one important mine, producing 2 grades of matrix for delivery to dilTerent destinations, bottom- 
dump, 12-yd (12-ton) tractor trucks, on 18 by 24-in tires, have proved suitable; they ore loaded by 
4-yd walking dragline, standing at top of bank. Costs. Mechanisation of Tenn mines has been 
leea rapid than in the larger depoaits in Florida (Art 08) but is now nearly complete. Output of 
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phoaphato per man-yr waa 675 tone in 1S37, 543 tone in 1929, 312 tons in 1919, and 207 tone ia 
1909, by whioh year the richer, hand-worked depoeite were largely exhausted. Costa vary widely, 
even at the same plant; fc^owing ranges, per dry long ton of cleaned product (aver 78% bone phoe) 
are typical: atripping, 15-25^; inining matrix, 20-40^; transport to mill, 15-M^; washing (exelud* 
ing flotation), 50-75f; drying, 50|!. Wages (1938) per hr: common labor, 30-40^; ^ai^ine 
operators, 70-85^; loco engineers, 50-604. 

98. HYDRAULIC STRIPPING AND MINING 

General. Where feasible, hydraulicking is cheap and rapid for stripping alluvium, or 
for mining unconsolidated deposits. It reqiiires large volumes of cheap water; see 
Art 4 and 123, and Sec 3. 

Rowe and Hillcrest mines, Cuyuna Range, Minn. Data from E. P. M’Carty in 1916 (348). 
At the Rowe mine, 1.6 million cu yd of fine glacial drift w’as stripped from a hematite deposit, lying 
considerably above a neighboring river, from which water for hydraulicking was pumped; the over¬ 
burden was about 20 ft thick. From the highest part of the surface, 81 000 cu yd of fine, free- 
running overburden were removed by ground-sluicing (Art 121). When the surface grade wae so 
reduced that the return water no longer carried a full burden of soil, hydraulicking was begun, the 
resulting water and overburden being pumped to waste dumps by a centrifugal pump. Plunger 
pumps at the river furnished sluicing water, but were unsatisfactory for operating a monitor, which 
worked intermittently and could not be stopped without stopping the pumps. Final pump instal¬ 
lation included: Two 10-in, 2-etage, centrifugal water pumps, each direct-driven by a 200-hp motor, 
and having a capacity of 3 500 gal per min with nozzle pressure of 50 lb per sq in. Two X2-in centrif¬ 
ugal sand pumps, each belt-driven by a 250-hp motor. Sand pumps worked against a head of 27 to 
40 ft, each passing 3 500 gal per min of water carrying about 10% of sand. Pipes for water line and 
sand pump discharge were 12-in, spiral-riveted, of No 16 steel. The sand line had bolted connec¬ 
tions to allow deflections to 3* or 4* at each joint; the pipe wore rapidly at bends. For aver work 
a 4-in nossle wee used. Overburden could be washed on a grade os flat as 4%. The sand pump 
was stationary, and the monitor worked around it in a gradually widening circle, until a 4% grade 
was reached. With an aver depth of 54 ft, this limit was reached when the monitor hsid swept 
a circle 1 350 ft in diam. Working crew; 1 noszleman, 1 motormun, 1 suction tender, to keep 
atumpe, etc, out of the sand-pump suction; 2 laborers. Power coat, 1.254 P^r kw-hr. Total 
stripping cost, 6.74 P«r cu yd, including upkeep and ofiice expense; wages, 304-354 per hr. 

At the Hillcrest mine, the conditions and installation were similar, but the work was heavier; 
the 12-in sand pump was geared to a 300-bp motor. Water pump gave a nozzle press of 70 lb. 


Table 84. Hydraulic Stripping at Hillcrest Mine, May to Aug, 1916 


First 4 mo of work 

May 5 to 
June 1 

June 

July 

j 

.August 

Totals and 
aver (d) 

Total cu yd stripped. 

Aver cu yd stripped per shift. 

Total possible working hr. 

77 704 

1 728 

59 728 

1 106 
648 
497.75 
9.20 

2 740 
244 
9.07 

14 8 

68 195 

95 539 

1 592 
720 
639.83 
10.65 

3 580 
480 
6.64 

1 13.2(e) 

232 971 

I 464 

Total hr worked. 

Aver working hr per 12-hr shift. 

Water used (a) f . 

(ifuntf a in (6). 

Duty of water («). 

% solids in sand-pump discharge. 

442.90 
9.85 

3 606 
322 
10.7 
16.4 

550.50 

3 240 
289 

13.0(c) 

1 580.48 
9.94 

3 350 
297 
9.86 


(a) For actual working time, (b) 1 miner's in = 1..5 cu ft per min. (r) Allowing for 200 gal 
per min seepage into the pit. (d) Omitting July, (c) Cu yd per miner's inch per 24 hr. 


Table 85. Causes of Delays and Shutdowns (referring to Table 84) 


Note. Delays are in 
hours 

May 5 to 
June 1 

June 

July (c) 

August 

Total (d) 

%of 
total (d) 

Work on pipe line. 

Repairing pump. 

Hot thrust-bearing. 



57.25 

30.58 

0.50 

50.25 

11.00 

10.83 

8.08 

117.45 

113.00 

39.90 

10.83 

12.58 

25.17 

36.8 

35.4 

12.6 

3.4 

3 9 

7.9 

PoWfMP off. 

4.50 

5.4210) 



MieoellaneouB. 

Total. 

19.75(6) 

1.50 

88.51 

150.26 


80.16 

318.93 

100.0 


(a) Includes packing pump, 2 hr; inspection and changing pump runner, 3.33 far. (5) Includes 
16 hr lowering scow, (c) Delay record incomplete, (d) Omitting July. 


The above work ahowed the economic limit for profitable hydraulic stripping to be 
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flhwply defined; operations oan easily be carried to a point where the labor required over- 
balaaoes the cheapness of the method. At the Rowe mine, a 6 to 8-ft layer oi tough clay, 
sand, and boulders was left on top of the ore, to be cleaned up by steam shoveb. Hydraulic 
stripping in tiiis district saves considerable in original investment. Disadvantages, as 
compared with power shovel work (Art 96): (a) stripping must be completed, at loast over 
a large area, before mining can begin; (6) the equipment is useleas for subsequent mining; 
(e) operations must stop in very cold weather (349). 

Florids pebble phesphstes. Data contributed in 192A by K. C. Browne, with revisions by C. A. 
Fnlton (148) in 1935; see also Bib (350), The nodules, from microscopio grains to 1 is diam, occur 
in flat beds in a clpy-sand matrix. Thickness of deposits, max 40 ft, rarely over 25 ft; minimum 
workable, 6 ft; area, to several hundred acres; they lie on a clay bed. and are covered by 1 to 50 ft 
(aver 20} of sand and alluvium containing limestone boulden. The nodules form 15-25% of the 
phosphate matrix. Stbippinu, formerly with steam shovels, bter by hydraulioking, is now wholly 
by draglines. These are usually elec driven; buuket, 4-9 yd; boom, 100 ft or more; caterpillar 
mounting is commonest, but "walking” type and wheel trucks are also used. The eut is usually 
210 ft wide, and may be 0.5 mile long; an 8-yd machine digs about 600 cu yd per hr, dumping into 
exhausted adjoining out, and moves 60 ft backward after about 3 shifts. Dragline also digB_30-40% 
of stripped matrix, from aide nearest spoil bank, dumping it on top of undisturbed bed. During 
1934, an 8-yd dragline, working 4 168 hr out of a possible 8 760 hr, moved 2 471 781 cu yd at 
coat of: 0.74^ labor. 0.45^ power (0.555 kw-hr), 0.64f supplies; total, 1.834 per cu yd. Mimwa. 
At 200-400 ft behind stripping face, matrix bed is hydraulioked by monitors through bedrock 
ditches to a sump, whence it is pumped by centrifugals to washing plant. Water is supplied to 
monitors, through 12- and 8-in spiral-welded pipe, by turbines, usually 1 pump to 2 monitors. 
Pumps are 2-etage. direct-connected to 400-1 000-hp motors, and deliver 2 000-6 000 gal per min 
at 175 to 225-lb press. Large units use S-phase, 60-eycle, 2 300-volt ac. Nossics are 1.75-2.5 in 
diam. A monitor with 2-in iiosale, at 200-lb press, discharges about 2 000 gal and movee 2 cu yd 
of matrix per min. When distance to face reaches 125-175 ft (in about 6 shifts) monitors are moved 
within 25 ft of face; a move of entire equipment, including blasting new sump and bedrock ditches 
(holes previously drilled and loaded), takes 1-1.5 hr. Bedrock ditches have grades of about 3 in 
per ft; at which, to prevent clogs, there must be 5 or 6 of water to 1 of matrix (by wt). At sump, 
a 10 to 12-in volute centnf, with 12-in suction pipe, is direct-connected to 150 to 300-hp, variable- 
speed motor, running 300-000 rpm. C-I pump runners, 30-38-in diam, have life of about 250 000 
cu yd; steel discharge lines are 10 to 14-in outside diam If distance to washing plant exceeds 1 5(Xi ft. 
one or more relay pumps are connected to discharge line, increasing cost of operation by about 14 
per cu yd for each relay. Practice tends toward large pits and fewer washers; pulp has been moved 
0.75 mile by 3 pumps in line. One large mine in 1934, working 4 413 hr out of a possible 8 760 hr, 
mined and pumped 1 025 000 cu yd of matrix an aver distance of 3 000 ft at cost of: 4.724 for labor, 
4.624 power, 1.754 supplies, 0.094 misc; total, 12.084 per cu yd. Matrix bed averaged 8-46 ft thick. 
Following data (657) are aver for 1025 to 1935 inclusive, from 4 companies together producing half 
the total output of State since 1925; cu yd overburden per cu yd matrix, 1.78; cu yd matrix per 
long ton phosphate, including that recovered by flotation, 4.10. 

Golden Ridges mine. New Guinea. Data from £. B, Jeneen (333) in 1935. Orebody ie a 
blanket formation lying on volcanic breccia and overlain by (max) 65 ft of decomposed porphyry; 
ratio of overburden to ore, about 3:1; top surface of ore is very irregular. Overburden is loosened 
by blasting and removed by hydraulioking; ore is then quarried at vert face and scraper-hoisted 
to mill bin. Blast holes are 6 in diam and 44 ft deep (for aver 40 ft of overburden), spaced 20 ft 
in a row 25 ft from edge, and drilled by hand-actuated (6 natives) spudding bit and stem weighing 
286 lb, at aver speed of 3 ft per hr. Holes, sometimes chambered, are loaded with rack-a-rock 
(potassium chlorate saturated with nitrobensol just before loading), about 1 lb per 5 cu yd, esti¬ 
mating back break of 12 ft behind holes, and fired with Cordeau, usually 5 at a time, breaking about 
6 720 cu yd. Sluicing water, via ditch, flume, and tunnel, is conducted to any one of 3 monitors 
through 3(X) ft of 10-iii and 300 ft of S-in, spiral-riveted pipe with stove-pipe joints. Section lengths 
are 10 ft on straight lines, 5 ft on curves. Static head at moiytor, about 130 ft; 2-in nossle, deliv¬ 
ering 1.5 cu ft per sec, is best; with sluice grade of 1: 5, that amount of water will move 50 cu yd 
per hr of freshly loosened overburden. T« save excessive wear in sluice boxes, sluicing is best done 
over the rock bottom. 

» 

99. GLORY-HOLES (See also Art 37) 

General. Fig 684 shows glory-hoie work in a wide vein. Drift D is 50 to 100 ft below 
the surface, with raises R to the surface. The ore around each raise is "milled” into it, 
forming a funnel-shaped pit F, and is loaded through chute-gates into cars on level D. 
These pits are dLORY-HOiiRS, mills or millholes, and the method is called milling in some 
districts, as on the Lake Superior iron ranges (see Mesabi, below). The aides of glory-holes 
are kept steep enough for ore to slide to the raise. Ground is broken underhand; faces may 
be carried in benches, for convenience in setting up drills. When broken ore wiU no 
longer slide, due to flattening of the pit wall, a new cut is begun at the raise. 

Unsystematic breaking of ground may result in very steep slopes, difficult and danger¬ 
ous to work. When working on steep slopes, drillers should be supported by ropes and 
safety belts; jackhammers are practically the only drilling machines for such conditions. 
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Adjacent gloiy-holee interBeot aa they are deepened. The ridces remuninc between 
the holes when the level is reached may be milled through short raues put up in them, or 
they may be quarried and loaded out by hand. Raises often clog, causing costly ddi^s. 
Grisxlies of timber or old raUs are sometimes placed near their tops, to catch boulders to 
be broken (compare Fig 372, Art 59; see also Mesabi and Fresnillo, below). The proper 
intervid between raises depends on their height, the shape and sise of orebody, and the 
angle on which broken ore will slide; raises should be spaced so as to balance their first 
cost against cost of removing the ore in the ridges between the holes. Raises 30 to 50 ft 
high give less trouble from clogging than higher ones'. 

LimitationB. Glory-holes may be adapted to masses or thick beds (see examples 
below). The ore should slide on moderate slopes and not pack in the raises. Bad weathw 
seriously hinders the work; wet ore and water give trouble in raises; snow and ice make 

work on steep slopes doubly dangerous. Sur¬ 
face water must be kept out by ditching. The 
work is dangerous in veins (Fig 684), uidess 
the walls are strong; loose sla^ are barred 
down before they become inaccessible, but 
their menace always limits the depth of the 
glory-holes. This danger and trouble with 
hung-up raises are the chief disadvantages. 
The great advantage is in providing cheap 
h.andling and loading, in connection with the 
cheap breaking common to open-cut work. 

Alaska Treadwell mine (105). For ore occurrence and underground methods, see 
Art 68. In the first 6 years of its life (1890-1896), the entire production was from glory- 
holes; the resulting excavation was 1 700 ft long, 450 ft deep, with a max width of 420 ft. 
This work was stopped in 1906, because of a large slide of rock from the footwall and the 
necessity of leaving a pillar of ore to protect projected lower workings from surface water; 
the great depth made the danger from falling rock excessive. Glory-holes were started by a 
raise from an intermediate level, generally directly over a chute-raise. A stopo, 20 to 30 ft 
high and covering 3 chutC-raisos, was opened around the bottom of the raise, for storage 
and to serve as a bulldosing chamber for breaking boulders which would block the chute- 
raises. The glory-hole faces were opened in a series of benches around the raise; so far 
as possible, large boulders were sledged in the pit. Piston drills, 3.25-in, made 12-ft holes. 
In small pits, where setting-up was easy, from 150 to 200 tons were broken per 10-hr drill- 
shift. As the pits grew larger and the sides steeper, setting up was more difficult and the 
output decreased to about 70 tons per 10-hr drill-shift. 

Copper Queen mine, Bisbee, Ariz. Data from G. J. Young (341) in 1930. Ore remain¬ 
ing in bottom of Sacramento open pit, when depth became uneconomical for mechanical 
loading and loco haulage, was recovered by glory-holing through raises to grizzly and 
bulldozing chambers 130-145 ft below; pockets under grizzlies discharged through arc- 
gate chutes to main haulage level, 93 ft lower. For details of grizzly chambers, see Bib 
(341). Floor of pit, 400 by 450 ft, was divided among 11 vert raises, 10 by 10 ft, in 2 con¬ 
centric circles (Fig 685). Drills employed: (a) Cyclone, gasolene-driven churn drills, 
working at top of bench and only far enough back from edge to insure firm footing; 6-in 
holes, 60 ft deep, spaced 18-23 ft; chambered 3-5 times, to take final charge of 400-600 lb 
of 40% gelatin (in wet holes), or No 2 quarry special; stemmed to depth of 25-36 ft; 
(h) tripod-mounted, Sullivan T3, working in niches on 45“ slopes of pit; holes 18-25 ft 
deep, starting at 2.5 in; (c) jackhammers for blockholing and cutting niches, drilling 
holes to 16 ft deep. All holes fired elec. Heavy bla.sting did not entail excessive block- 
holing, due to fractured condition of ore. Max output, 2 .'>00 tons per day; aver, 100 tons 
per man-shift. Crew: 6 drillers, 6 helpers, 4 blasters, 1 nipper, 1 pipefitter, and foreman. 

Mesabi Range, Minn (35, 183, 275, 351). See Art 10-b, 71, 96. The midlino system 
is used here in deposits which can be profitably stripped, but are too small to warrant the 
investment for power shovels, or are so situated or shaped that power shovels and loco¬ 
motive haulage are impracticable. Milling is also used to recover ore from deep portions 
of power-shovel ■pits, inaccessible by R 11 tracks on economical grades. Pdan of wobk. 
A shaft is sunk outside of the orebody, with levels 50 to 100 ft apart; the 1st level is usvially 
50 to 70 ft below the top of tlie ore. Fig 686 shows a favorable layout of levels for deposits 
of large area. The elliptical iP'un haulageway H facilitates motor-haulage; crosscuts 
C arc 40 to 5C ft apart. Untirabered raises R, 4 by 4 ft to 5 by 5 ft, are put up to the 
surface every 40 to 50 ft, with chute-gafe at the bottom of each. Another plan is to 
drive on each level a rectangular system of drifts, connecting with a main haulageway. 
In vein-dike deposits, a central drift is driven with crosscuts to walls at 50 to 100-ft intervals, 
irom which raises are put up. 
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Fig 684, Glory-bole Method (Diagrammatic) 
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Fig 685. Distribution of Glory-boles, Copper Queen Mine 


Several mill-holes are opened simultaneously, to provide numerous working places. 
After starting a mill-hole, the sloping faces are attacked first at the raise; alternate blasting 


sod picking-down proceed up the slopes; 
when the ore will no longer run to the raise, a 
new cut is started. Mosabi ores break small, 
and run readily on 45** slopes; in dry weather, 
on 38°. Slabs are barr^ down after each 
blast, by men supported by ropes; ropes are 
also left hanging in mill-holes for men to 
grasp in case of a sudden slide of ore into the 
raise. Efiic of milling increases with size 
of the mill-holes. Raises often hang up, 
especially when starting mill-holes. Clogs 
are lessened by breaking large boulders 
before they reach the raise, and by drawing 
the ore down frequently before it has time 
to pack. At Monroe mine, sub-drifts were 
driven above the haulage level, coimccting 
all raises and giving opportunity for barring 



down clogs; main-level drifts are sometimes 
2 sets high at raises, to facilitate barring. 
At the Iroquois mine, a chain or wire rope 
hanging in each raise was raised by a small 
hoist and pulled down by men on the level, 
in case of a clog. High raises are more apt 
to clog than shorter ones; at the Jordan mine, 
a decrease in height from 85 to 30 or 40 ft 
materially reduced delays. Tapering raises 
have been tried, but it is difficult to design 
chute-gates that will prevent ore from collect¬ 
ing on the sides of the raise and destroying 
its taper. Production from milling is usually 
irregular, being influenced largely by the 
weather. Heavy rain stops work and washes 



VERT SEC WV 

Mg 686. Milling System, Mesabi Range 
(Diagrammatic) 


out gullies on the sides of the mill, which must be filled by broken ore before resuming 
regular operation. Rains also block the raises with fine ore and water, which, on opening 
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the chute-gates, often rushes into the level and obstructs tr amm ing. When the ridges 
between adjacent mill-holes approach the level they are tapped by short raises. Power 

shovels have been used at 
some mines to dig this ore 
and drop it into the origi¬ 
nal mill-holes. Advan- 
TAOss of the milling sys¬ 
tem, compared with shovel 
mining: (a) a smaller 
equipment cost; (b) a re¬ 
duction in initial invest¬ 
ment, because a relatively 
small amount of stripping 
exposes enough ore to 
start production; (e) 
worked-out mills serve as 
dumping groimd for waste 
stripped from adjacent 
areas; (cf) the approach 
(Art 96), often costly in 
shovel mining, is elimi¬ 
nated. Disaovamtaqbb: 
(a) high cost of hoisting 

Fig 687. Glory-bole Work, Fresnaio, Mex (640) equipment, and 

the cost of raises (note, 
however, that many shovel 

pits require drainage shafts); (b) danger of flooding the mills with sand and slime during 
storms; partly controllable by surface ditch¬ 
ing. Cost of mining ore by miling is higher 
per ton than from shovel pits of reasonable 
capac, and lower than from top-slicing (Art 
71). Duty of labor is high, up to 25-30 tons 
per man-shift or more, 

Fresnilio mine, Zacateoas, Mex. Data from 
T. C. Baker in 1623 (640), with additiona from 
A. Livingston (661) in 1032. For ore occurrence 
and early method, sec Art 66. Glory-bole method 
was selected instead of power-sbovel work be¬ 
cause; (a) its simplicity waa suited to local labor 
supply, foreign skilled labor being required for 
power shovels; fb) reserve of broken ore could 
be kept in glory-boles to insure continuous mill 
operation; (c) multiplicity of working places 
aided in maintaining uniform grade of mill feed. 

'J'hese advantages outweighed a slightly ehcaper 
estimated niiiiiug cost and better opportunity for 
selective mining by power shovels. Develop¬ 
ment. Paiallel drifts, 10 ft wide by 6.6 ft high 
uiid 130 ft apart, were driven under the orebody 
from adit A (Fig 687), which was at lowest clev 
that would leave room below portal for a millsite; 
bottom of mam orebody was 20-80 ft above this 
level. Raises). 10 ft diani, were put up to surface 
(126-2(X) ft above) at l.lO-ft intervals along drifts, 
each having a double loading chute, 100-ton ore 
pocket, grixzly and bulldozing chamber (Fig 688); 
no timber required in raises and ore pockets. 

Fltiiuate output was 313 tens per ft of develop¬ 
ment. Mini.nc. Glory-hoie benches were 6 ft 
high. Ground broken with vert holes, drilled 
by dry jackhammers; spacing, 3..6-A ft; burden, 

3 5-5 ft; depth. 6-ip ft; aver speea, 120 ft per 
8-hr drill-shift; contract price, 2.8-3.64 (U S) 
per ft. Aver charge per hole, 1.51b "Durix.” ^*6 688. Bulldozing Chamber, Pocket, and 
About 6 tons of ore were broken per lb explusive; Chute, Fresnilio, Mex (640) 

0.107 cap and 1.2 ft of fuse used per ton. Com¬ 
paratively close spacing and shallow depth of hole proved cheaper in total cost (including blook- 
boling, clogged raises, etc) than deep holes and heavy charges. Best slope for sides of glory boles 








GLOBT-HOLE8 


1(M63 


found *0 bo 50*-4(0*; ore romoininx botvoen bottoaa of TtUo 46. Aftr Data, Freonlllo 
gloryholea, wbro elopo deerooaed to 36", waa removed in dory-holo Pit, 1621-1966 
horie benohee witb barrowe. Aver output, over whole oper> 
otion, 130 tone per drill-ehift, or 8 000-10 000 tone per sris- 
■ly per mo (3 ehifta). HAULAea wee by elec loco, in Onser 
tmina of 10-ou yd cere. For znininx waate, the raise affected 
was emptied of ere; waste was loaded from ehute-gatee 
into emaller oaie. Totid cost of equipment (much of it 
bought during higb^ioe poat-war period), and buildinga 
for pr^ucing 3 500 tons per day was approx 8140 000; 
this ahowa eomparativaty low initial investment for 
glory-bole work. Bee Bib (640) for comprehensive data on 
detaila. 

Ift Isa, Queensland. Data from J. Kruttschnitt and V. 1. Mann (500) in 1037. For 
ore ooeurrenoe, see Art 43. Upper and oxidized portion of Black Star lode, glory-holed to 
160-ft depth, wBB 1 100 ft long by 200 ft wide at middle of lens, which dipped 65“-60“; nar¬ 
row ridge of high ground on hang-ng-wall aide was leveled off first. Outcrop length was 
abont evenly divided among 7 raises, each connecting through grizzly chamber and ore 
paw with main haulage level on footwall 400 ft lower (Fig 689). Benching around top of 

raise was done with jackhammers, 
holes 6-16 ft deep; miners, on day 
shift only, had to wear- safety bolts; 
ladders provided for access. Aver 
slope of walls, 50°. All holes 
chambered; explosive producing 
best fragmentation was slow-acting, 
25% ammonia-base dynamite. Tri¬ 
angular remnants between bottoms 
of glory-holes were mined (Fig 680) 
by transverse sub-level open stopes 
with ring-drilled pillars like those 
later adopted in wider parts of the 
sulphide orebody at lower levels 
(Art 43). The 15-ft pillars between 
stopes 30 ft wide proved inadequate 
to support hanging wall (weakened 
by undisclosed fractures) and caving 
occurred when about 60% of the 
remnant ore had been removed; 
drawing of crushed ore was con¬ 
tinued until dilution by wall rock 
became excessive. Cost of glory- 
holing 270 063 tons in first half of 
1933 was: labor and supervision 
(mining 51%, transport, 39%), 32.9ff; drills, steel, and comp air, 5.1^; other power 
(mainly transp), 5.2f!; explosives, 7.'^; timber and other supplies, 3.2fl; total, 53.8fi per 
short ton. 

Round Vafloy tnngstoa mine. Bishop, Cal. Example of,small-scale work described by W. O. 
Vanderburg (637) in 1935. Deposit of eontact-metamorphio limestone, containing scheelite and 
averaging 0.6% WO*, u 126 by 200 ft in area. Working level, at bottom of 75" incUned shaft 
100 ft deep, has 7 raises, 5 by 6 ft, up to pit bottom. Drilling with dry jackhammers; blasting with 
40% gelatin and fuse. Raises are kept full of broken ore, to hold back large blocks until they can be 
bulldosed; some hand shoveling required. Ore from chutes is trammed by hand and hoisted by 
skip. Crew of 11 men produce 120 tons per 8ingle.-ebift day, at total working cost of 76.34 per ton. 
Unit costs per ton: all labor (40% on breaking), 0.799 man-hr; power (@1.54), 1-9 kw-hr; explo¬ 
sives, 0.33 lb. 

Tunnel method. Data from D. T. Famham in 1914 (352). This is a variant of glory- 
hole work, for securing cheap loading costa in open cuts without putting up raises. A shale 
quarry at Renton, Wash, is illustrative (Fig 690). 

The quarry face was 700 ft long by 150 ft high; output, about 700 tons per day; small output 
apd high working face rendered power-shovel work inapplicable. Heavily timbered tunnels T 
were driven from the quarry floor into the face, and 6 by 12-in timbers, 8 in apart, were placed on 
the caps to form a gristly. Hopper gates (Art 90) were built between sets. The tunnels were 
about 25 ft long,-6 sets being kept in the solid, and 7 or 8 sets erected outside. About 20 tunnela 



Man-hr per ton ore: 

Breaking. 0.332 

Secondary blaating.., .129 

Transportation.129 

General and aurfaoe.. .037 

0.627 

Power, kw-hr pw ton... 2.010 

ExplosivM, Ib per ton., 0.217 

Timber, bd-ft per ton.. 0.070 






10-464 


OPEN-CUT MINING 


wm drivsB 20 ft spart alang the feoe^ 


VCRT CR08S-8E0 
rHROUaH QUARRY FAOS 



Fig 690. Tunnel Method, Renton, Wash (Diagrammatic) 


The bank waa then hlaated dowiv fha gi rff a ltw being ifait 
covered nith > hif lA4n plank 
and a 2 or Mt li^er of a^e; 
from 2 OQbto S 000 tons were abot 
down in 1 Uaet on a group of 8 
tunnda. The plaaka were dien 
removed from the griaa&eB, 1 or 2 
at a Umv^ atarting at the outer* 
moat aet; the brt^en ahale waa 
bulldoaed aa neoeaaary and worked 
through into earn below. The 
ridgee of dude between the tonnela 
were loaded by band. A S^maa 
crew loaded 2.3*toa eata and 
trammed them 200 ft at an aver 
rate of 2.9 can per man per hr in 
Bummer and 1.7 per hr in winter, 
or 4.37 tons per man-hr. Before 
uaing tunneia the duty of labor,, 
in loading 2-ton can by hand fromi 
the quarry floor on a 100-ft tramM 
waa 2 tone per man-hr. Same 
method ia etUl followed in ahala 
deposite at Renton and elsewhere 
in Northweet, and is nommaa 


practice in the ateeply pitching lenticular limestone bodies (in rugged topography) characteriatEe 
of the region. 


100. “ STRIP MINING ” OF COAL 


Oiwn-cut mining of coal is termed “strip mining,” or “stripping.” In U S, undersoita- 
ble conditions, both hard and soft coals are thus mined; in 19.^7, U S Bur Mines atatistica 
show that 7.1% of total output of bituminous (26% of that in the Mid-Western field} and. 
11% of Penn anthracite were obtained by stripping. 


(a) Bituminous Coal 

Data kindly supplied by M. M. Moser, Vice Pres, United Electric Coal Co, in 1939. 

General. Production of bituminous coal by stripping has become important in recent 
years, especially in Mid-Western fields. Seams quite near the surface, to which under¬ 
ground methods are inapplicable because of thinness of seams and the roof conditions, 
are successfully stripped; ^ey are from 18 in to 8 ft thick. Depth and nature of overburden 
are variable, but depths to 90 ft have been profitably removed. Topography of stripping 
areas and the coal seams are both generally fairly levd. In spite of the apparent simplicity 
of stripping, systematic prospecting, familiarity with technique, long-range planning, 
proper equipment and well trained mechanical organization are essential. Quality and 
thickness of coal, character and depth of overburden, distance from pit to preparation 
plant, and freight rates to markets, are important. Costs vary widely, depending chiefly 
Upon character of overburden and thickness of coal. In some areas, hard limestone, reqtiir- 
ing blasting, overlies the coal; in others, ov'erburden is mainly alluvium. The economic 
ratio in Mid-West fields is alrout 10 ft of overburden per ft of coal. Proper drainage is 
important in a strip mine, which is often 60-70 ft deep; heavy rainfalls can cause serious 
damage to equipment and completely paralyze operations. 

Stripping methods. In 1939, 3 systems of stripping were practiced in Mid-West coal 
fields. Fig 691 shows a mine employing a sinolb stripping sHOVsn, advancing in direc¬ 
tion of the arrow, and removing overburden A which, if of rock or shale, has been loosened 
by blasting. The shovel crawlers rest on the cleaned coal seam. Stripped material goes 
to a waste bank B, piled in the cut from which the coal has been taken. The tc^ of 
waste bank rests against edge of coal seam, and its far side lies on bank C of the previous 
out. The cross-sec in Fig 691 shows the relation between depth of overburden A, 
width of cool seam Z>, height a:id slope of waste banks B and C. The largest shovel 
in use in 1939 has a 32-cu yd dipper; boom lengths, up to 125 ft. Stripping by shovel 
(os of 1939) is limited to depths of about 60 ft, depending on lengths of boom and dipper 
handle. Volume handled by a large 30-cu yd shovel is about 1 250 cu yd per hr. The 
uncovered coal is blasted and loaded by smaller shovels (0.5-6 cu yd) into trucks or 
RRcars. 
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Ilg 69lS diows working podtions of maoUnra in a tandsm btbiffiko operation, uung 
a diovel in conjunction with a dragline; the crawlera of both rest on exposed co&l. Work 
progresses in direction of the arrow, i^ovel E removing block C, the top of whidk has 
be«i previously benched by dragline D. The dragline benches the out B, preparing it 
for next trip of the shovd; the material is earth, clay, or shale. The 2 maoUnes handle 



Plan 



Fig 691. Stripping Coal Seam with Power Shovel Alone 


nearly equal amounts of overburden. That of the dragline is piled in a windrow F behind 
and above the rock G, which has been stacked by the shovel (Fig 692). The draglines 
have buckets up to 14 cu yd, with 160>ft booms. Overburden 90 ft deep has thus been 
well handled. Fig 693 shows a sinole draounb on a bench about one-third the depth 
from surface to the coal. A walking dragline is preferred because more manageable on 
poor footing. The loading diovel follows the dragline, as shown. When stripping 
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bench F, the dragline workB along lines A~B and C-D; the lower material is usually the 
firmer and hence is put into the base of spoil bank, stripping bench G, the dragline 
works along line C~D only, placing the material in the nearest windrow, as at E, Easy 
digging is a requisite, and bucket capac must be sacrificed to the reach reqtiired for success. 

Haulage from the loading face to tipple or preparation plant is by trucks, rail, or a 
npin binatinn of these, trucks gathering from loading shovel and transferring to rail haulage 
at a point some distance from the working face; third method is used only where the coal 
face is distant from Ihe preparation plant. Truck haulage is relatively recent, but is being 
adopted in most new oi>erationB. In general it is cheaper than rail haulage and promotes 



Fig G02. Stripping Coal Seam with Power Shovel and Dragline 

effic by eliminating trackage along the berm or coal surface on which the shovels must 
travel. Shovels are thus able to oi)crate nearer the toe of spoil banka, and with a smaller 
swing angle. Truck haulage also eliminates cost of truck shifting. Trucks used at strip 
mines are of 5- to 25-ton t,ai>ac. Tractor-trailer units have handled up to 80 tons per trip. 
For details of equipment aiid methods at several mines, see Bib (680). 

(I>) Anthracite Coal 

Data from K. H. Otto ir- 1031, li. P. Hall in 1935, H. N. Eavensou in 1936, wd 
others (671). 

General. Strip-mining in anthracite fields has recently advanced notably in tonnage, 
area of individual strippings, and depth of cover removed; it is applied both to virgin coal 
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and to ouioropB where much of the coal has previously been mined from bdow. When 
steam<ehovels were first applied, in 1881, max economic limit of overburden was held to be 
1 ft per ft of coal; by 1911, the ratio (with 60% rock in overburden) had reached 3:1; in 
1936, ratios were 7 ; 1. Crystal Ridge stripping (begun 1925 and finished 1934), 2 700 ft 
long, 500 ft wide, 165 ft deep, moved 5 200 000 cu yd of overburden to recover 665 000 tons 
of coal; Summit Hill stripping (begun 1925) moved 7 300 000 cu yd of overburden and 
marketed 2 200 000 tons of coal during its first 10 yr, and will eventually have moved a 
total of 13 000 000 cu yd to recover 4 600 000 tons of coal. 

Increase in the profitable ratio of overburden to coal has been due to cheaper excava¬ 
tion by dracdines and power shovels, automotive haulage, and the abandonment of inclined 
planes for hoisting. In nearly flat seams, back-filling similar to that used in bituminous 
beds is practicable (see Clinton colliery, below). In steeply pitching seams, involving 



deep and narrow strippings, back-filling is rarely possible, except whore overburden from 
one end can Ix! dumped at the other end with some saving iti haulage. Dragline excavat¬ 
ors have been loss rapidly adopted in the northern field, where the wider strippings make 
haulage of some kind unavoidable, and shovel loading more generally applicable. 

Flat seams. Clinton colliery, in the northern field, has a nearly flat bed 65 in thick 
containing 50 in of coal, under aver 25 ft of overburden (half sandstone, and half earth). 
Stripping area, 28.3 acres; overburden, 1 112 000 cu yd; coal, 174 000 tons. A Monighan, 
Diesel-driven, 375-ton walking dragline excavator, with 160-ft boom and 6-yd bucket, first 
uncovered the outcrop by a trench 130 ft wide at top, 75 ft at bottom, depositing spoil, 
without other handling, in a pile 55 ft high and 70 ft back from edge. Rock was broken with 
jackhammer holes staggered at 8-it spacing in parallel rows, loaded with 40% gelatin 
(0.5 lb per cu yd) and fired elec, 100 at a blast; broken rock remo\'ed by same excavator. 
Coal was loosened with black powder, and loaded into mine cars by Diesel, 50-ton Bucyrus 
^ovel with 1.25-yd dipper. Haulage by 20-ton gasolene locos out of pit; thence by mine 
locos to tipple. After extracting co^ from first trench, another slice was taken, depositing 
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spoil in space just mad*. Max operating force (excavator working 2 dufts), 27 man, of 
whom 9 were on part-time. In 2 mos of 1031, 163 700 ou yd (about i/a rock) were moved; 
delays, 5% of working time; while ssriinging 180°, aver time was l.S min per cycle. 

Pitching seams. Fcur these, draglines with buckets of 6 to 12 cu yd have advantages of: 
(a) long casting reach; (b) permitting steep banks, since only the bucket is endangered by 



Pig 604. Railroad Shovel ts Dragline Excavator, both removing 28 ft of Cover 


^des; (c) avoiding possibly 60% of the excavation required by a shovel for bench and load¬ 
ing roads; (tf) recovering some coal not otherwise obtainable, as from partially mined out¬ 
crops. Fig 004, from R. D. Hall, shows a suppositious but typical case; Fig 695, a dragline 
installation where a 67° face was permissible. In some cases, the same dragline is employed 



Pig 695. Draglir,e Excavation at Meiriam Stripping 


on both overburden and coal; in others, coal is loaded by shovel or another dragline. Rook 
is generally broken with unchambered, 6-in. churn-drill holes; above a previously min^ 
bed, holes are usually placed only over pillars. For transport, tractor-trailers, and trucks, 
have largely replaced locos and cars, due to (a) saving in track laying, moving, and mun- 
tenance; roads are quickly prepared by bulidosers, and 1 man at dump replaces a track- 
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jBoving vmb; 9 ^ .wnUnr capital ecMft; in nnA i—onii, trucks can be wnted; (e) steeper 
'grades <to 16 m end sharpeir tarns persEuaible; (d) less wcxTldog' q;>aoe requb^ 

.amand loader; C<} wore ccHitinunaB loading is useally possible; (/) automotives easBy 
shifted from oeoj^ to aaether. IbUeoing e-rarerles illustrate strippings on pitching ooid. 

gBjniniC BBL For'jardave and toaaaee.flee above. Coal tMMOO ft thick, latter doe to folding; 
■only upper pert will kw atripped. Bqndpment: for otwburden, 1 Bucyrue 320B, elec ahovel, 
■7.&‘yd, and S Btwyvua iaOiB,'eleo ehovShi, 4>yd; for coal, I Link-Belt K56, gas-elec dragdine, 2-yd, 
and 1 Marion 37, elec, wonvnrtible ahovel-dragline, 3.7fi nd l.(i-yd; 19 6-in chum drills, IS elec, 
'7 gaaotona drives; 2 er.egon drills; 36 standard-gage. 20-yd. side-dump cars for spoil; 10 geared 
locos. l60-6Moa: 6 nod locw, 38- 65 ton. Coal loaded into ft R cars on track at 3% max grada 

Ciystal Ridge IMammstb seam). For yardage and tonnage, see above. Stripped with Bucyrtut 
?.6-yd,«leo shovel; w'aste hauled 6 900 ft up 3.6% grade to dump in 30-yd oara; oool loaded witb 
:8-]rd doc shovel. Bame stripping later extended 70 ft, with dragline having 3.6-yd bucket for clay, 
d-yd forrock, casting and i»-castiag into old pit. Totals: 27 X)0 cu yd clay, 73 600 yd rock, 13 600 
yd caved material from .old aooms. to sricld 46 200 «u yd coal loaded by shovel into trucks. 

■Bell's Kitchen. Primrose virsm coal. 30 ft thick, diptaug 30*; removing 1 300 000 cu yd over- 
iburden uncovered 514000 tons coal. Stripped with 2 Bncyzns 70C steam shovels loading 4-yd, 
aide-dump cars; hauled up 3% grade oy 20-ton steam loooa. Coal loaded by one of the above 
ahovels, ora 1.6-yd gastdene ehovel, into min* cars. 

Xansfbiri. Mammoth seam. 56 ft thick, dipping OD*, previouaiy mined. Outcrop exposed for 
6OD0 ft; stripped to 66 ft deep, both walla sloping 60*. Shovels. 2.6yd in rock, 1.6-yd in coal, 
load Mack trucks dumping into tops of old rooms connneting with haulage level 360 ft below. 

Bicfaarda. Synclinal fold with dips of 43° and 64*; gut 130 ft deep in 1934, expecting to reach 
164 ft. Coal in 3 splits, wiUa slate and sandstone partinai 4- 6 and 10 it thick. Marion 400 shovel 
loads trucks which climb ramps along sides and across ends of strippiug. 

Wn Penn, at Shenandoah. Mammoth seam in 2 sphfa; parting widens from 40 to 180 ft 
within length of .stripping. .As dip is in same direction as slepe of hill, outcrop of top split, 14.6 ft 
thick, hes downhill from that of bottom split, 17.6 ft thick, and its stripping advances ahead of the 
other. Both etrippinge are overcast downhill by Bucyrus draidin^ with 2-yd buckets. 
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Ec«mimdc limit of depth. Open cutting loses its advantage of cheapness where the strip¬ 
ping cost per ton of ore exposed exceeds the difference in cost between open-out and under¬ 
ground mining. For large, flat deposits, with furly uniform cover of moderate depifeh, the 
problem is sunple, as the cost per ton of ore for excess stripping to provide safe slopes around 
the pit is so small that errors in its estimation are unimportant. But, on small arcue and 
for deep overburden, the coat of stripping slopes is important. In dipping deposits, wluKre 
one or both walls must often be cut back to safe slopes, the amount of stripping is aui • 
nmple function of the depth, and this complicates calculations of the economic limit of eveoa 
cutting. In districts whore enough underground and surface mining have been done to 
establiah fairly accurate unit costa, close estimates can be made from borings or other data:,, 
to determine the feasibility or limits of open cuts. The max depth of profitable stripping as 
often expressed in terms of a ratio of cu yd of stripping per ton or cu yd of ore (or ft of over¬ 
burden per ft of ore). These ratios are useful if appli^ intelligently; ratios applicable in 
a well known district may be incorrect in a new region. 

Meaabi estimates (35). Sometimes s choice of method can be made by inspecting the 
ore estimate (Art 11). Relative costs of underground and open-pit mining are usually cal¬ 
culated by applying unit costs to a column 1 yd sq. Example: a drill hole shows 50 ft 
of drift and paint rock, 15 ft hard taconite, and 36 ft merchantable ore; general conditions 
allow use of either method. Comparison of costs, using 1912 unit costs (641) which, 
though old, illustrate method of calculation: 

Underground mining. Cost of mining a volume of ore Lyd sq by 36 ft high 


@ 75^ ]^r ton (1 cu yd =• 2 tons). $18.00 

Open-pit mining. Stripping a colunm of overburden 1 yd sq by 50 ft 

deep @ 30^ per cu yd. $5.00 

Stripping 15 ft of taconite « 6 cu yd ® $1 per yd. 5.00 

Steam-shovel mining of 36 ft of ore ■= 24 tons @ 15|f per ton.. 60 13.60 

Saving by open-pit work per sq yd of area. $4.40 


Similar calculations are made for other drill holes, and all are combined in proportion 
to the tonnage represented by each. This preliminary estimate is supplemented by more 
exact figures when necessary. Questions of adverse topography, dumping facilities, 
pmence of swamps, quicksand, etc, are local factors which do not jiermit generalization. 

Pennsylvania anthracite stripping (345) (see also Art 100) is generally undertaken when 
it is cheaper than underground mining. But strippings yidd higher extraction, cleaner coal 
and a hi^er percentage of prepared sizes (Sec 34), and allow close adjustment of output 
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to demand; theae factote may be dedidve in making a cboioe. Strippings woolten opened 
to recover coal otherwise not liable. EaiAMPU» in determining tiie economic limit of 
depth and area of strippings: Pig 698 shows a stripping baaed on a ratio of 2.76 cu yd of 
overburden removed per ton of coal uncovered. But on resolving the opmation into its 
component parts (see areas A, B, C, etc), it is found that area A is the lowest one within 
this ratio. For areas B and C the ratios are 3 : 1 and 8.5 : 1 respectively; that is, they w» 
removed at a loss, even though a considerable profit comes from areas D and B. Hence, 
to justify this operation, marked advantages must be gained by removing B and C. 
Fig 697 shows a crop stripping common in the southern anthracite fields; either the cover 
must be removed, or a thick chain pillar of coal left, 

as shown. The coal below the pillar is minable at as __ Burface _ 


low a cost for cutting and loading as oould be 
realised by mining the entire upper 250 ft of seam 
from gangway W after stripping the overburden. 
By the latter method, dbvblopmsnt costs would be 
leas by a few cents per ton. But, comparing the 
results with the case in Fig 696, the ratio here is 4 
cu yd stripping per ton of coal in the chain pillu, 
or a ratio of 1 : 1 based on the total coal above 
gangway W. Hence, the coal strictly classed as 
stripping coal is mined at a loss (345). 


BtrlpptaK 
yX to 1 Slop^ 



N tol 


])( to 1 Slope 



Porphyry coppers. Estimates of economic stripping limits at these mines often involve 
problems arising from fluctuating metal prices, varying smelter contracts, differences in 
milling costa and recoveries, and freight rates. Parte of the overburden often contain a 
little copper, and when this must be mmed and loaded in any case, it may sometimes be 
more profitable to send it to mill than to dumps. The factors involved in these problems 
are shown in the following formula, used at Chino mine to ascertain the lowest grade of 
rock that may be called minable ore (340); all costs, and the copper price, are in dollars or 
fractions, and percentages are expressed as decimals: 


M -{■ Fq -j- m fr 

A 2 ooopc ITFdbop 


+ R + E -he 


B 


100 

105 


transposing and simplifying: 


A 



fooB 

T05 


M + Fa+ fn 
fc + .S 
2 000pD 


{R+E + c) 


where 


M mining cost r»«r dry ton ore 
Fo freight per dry ton, mine to mill 
m milling cost per dry ton 
fe freight per dry ton of concentrates, 
mill to smelter 

S smelting charges per dry ton of con¬ 
centrates 

R refining and deli veiy charges per lb Cu 


E =a export freight and insurance per lb Cu 

c *= commissions, per lb Cu 

P = % Cu contents paid for by smelter 

B assumed price per lb Cu 

C % recovery p t mill 

D % Cu in concentrates 

A ■ % Cuia material in question 


The above formula includes an unusual refinement in using the factor 100 -S- 105, which 
allows 5% interest for the ncriod (estimaterJ as 5 mos) between mining the ore and sale 
of its contained copper. Tor further detail, see Bib (340). 

Slopes of faces in power-shovel mining. Following data from E. E. Barker in 1911 
(339) are based on experience at the Nevada Consol (Art 96). 

The slope at which a bank will stand depends on the depth to be excavated, as well as 
-haraeter of the material; hence no general rule can be formulated. Slopes steeper than 
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1:1 will not stand in the leached porphyry and fractured schist of the disseminated 
copper deposits. Blasting shatters hai^er rocks, so that banks will not stand much 
steeper than 0.66 horiz: 1 vert. Faults, if present, may necessitate flatter slopes. Experi¬ 
ence wi^ rook “flows,** in deep excavations in soft rock on the Panama canal, shows that 
dopes suitatde for oidinaiy work may not stand on great depths. These statements 
indicate the wisdom of using generous slope allowances for botii estimates and operation. 
(See Sec 3 and 5 for data on angles of repose and safe slopes.) 

The dope of a working face as a whole is affected by the heigdit and width of benches, 
number of benches, and dope of each face (Fig 698). For benchesof equal sise, the general 


dope is given by: S ■■ where S »■ general dope ratio, a ■■ base of the 


bottom slope triangle, b and c » width and height of bench, n ■* number of benches. 
Fig 698 shows a layout suited to economical power-shovel work in soft porphsrry ore; that 
is, the benches have the minimum economic width and the max economic height and dope; 
60-ft benches are safe, and the shovel is seldom in danger of being buried. Width b 
depends largely on the dope of the broken ore which ordinarily will repose on a slope of 



flC 698. Ideal Layout of Power-shovel Benches, 
Nevada Consol Copper Co 


Fig 009. limits of Power-ehord 
Fits, Mesabi (G. J. Young) 


about 1.5 : 1, but the impetus given in blasting flattens the dope to about 2 : 1. Chum- 
drill holes for blasting arc started about 10 ft from the edge of the bank, and loosen the 
ground for about 10 ft back; the position of the broken ore face is indicated by dotted 
line /g. The remaining clear space ef (about 20 ft wide) gives ample room for the loading 
track, without danger of its being buried by the blasts. The general slope of the 4 benches 
is 1.75 : 1; a larger or smaller number of benches would increase or decrease the ratio, in 
accordance with the formula. 

Examples of practice as to overall dopes in open-cuts under different conditions are 
given in Art OtVOT. See also remarks on pit dopes in Art 113. 

Pit limits for power-shovel mining in orelx>dic8 which feather out at their edges are 
determined as in Fig 699 (286). AB is the line along which the unit cost of underground 
mining equals that of power-shovel work plus stripping. Line CD, on a slope equal to the 
angle of repose of the overburden, fixes the crest and toe of the stripping. The top of 
the pit in ore is determined by width of the berm DE, usually 20 to 30 ft. Through E a 
line EF on a dope suited to the character of ore marks the limit of power-shovel operations; 
ore to the left of EF would be mined by some undergroujid method, as top-slicing (called 
“scramming” on the Mesabi, Art 71). See aLso Fig 97, Art 11. 

Advantages of open-cut mixiing; (a) Properly applied, it gives large outputs at a lower 
unit cost than by any other method. (5) After a pit is well opened, its output can be 
varied greatly. In self-draining pits, work may be stopped and started without trouble, 
though with a loss of interest on investment, (c) Mineral within the pit limits is completely 
extracted, (d) The large working faces allow ore to be broken with minimum drilling and 
explodves. (e) Effective sorting of ore is possible in connection with hand loading. When 
loading with large power shovels into dump cars, sorting is limited to concentrated areas of 
waste (or some particular grade or kind of ore to be kept separate), large enough to fill one 
or more trains; otherwise delays due to switching or breaking up trains may offset saving 
effected by sorting. Closer sorting is posrible with small power shovels loading into auto¬ 
mobile trucks; at United Verde pit (Art 96) such equipment handles waste, smelting ores, 
and milling ores separately. A dose determination of values over relatively small areas is 
usually possible in open-pits by sampling cuttings from blast holes, especially if chum 
drills are used. Sorting is impossible in glory-holra. (/) No timbering or filling are needed, 
artificial lights are unnecessary for day work, and supervision is easier. Hygenic conditions 
are generally better than underground; open cuts also eliminate dangers peculiar to under* 
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ground mining (aee TaUn 65). Duty of labor ia higher, and usually a larger daily output 
can be produced from a given area than by underground mining. 

Disadvantages of open-cut mining: (a) The surface is destrojred for other pturposes, 
though in shallow, back-filled pits, the soil may be restored for farming, (b) Surface rights 
of way and room for dumps must often be purchased, (e) Large-scale work, especially that 
involving extensive stripping, requires large capital outlay before any return issecnired. 
id) Open cuts are limited to relatively eonail depths, (e) The plant is often composed of a 
number of scattered units, if) Work is stopped or seriously hindered by bad weather, 
(g) An open pit collects snow and rain, and tends to drain water from the surrounding sur¬ 
face. This may add a serious expense for pumping to the cost of subsequent mining at 
depth, but may be partially met by surface ditching; note also trouble with mud-rushes 
at the Kimberley diamond mines, Art 88. Great care must be taken in scaling louse slabs 
from working faces to p rotectmen at the base of the faces from injury, {h) Horses of waste 
must be mined and handled. 


COAL MINING METHODS 

By William Emery, Jr, of Day A Zimmerman, Inc, Philadelphia, Pa 

Introduction. The preceding articles deal with the metho<ls common to nearly all kinds 
of mining. Metal mining methods are more varied than those for coal, due to the greater 
diversity in form and occurrence of metalliforous deposits, and, to avoid repetition, the 
articles on coal mining are devoted chiefly to the distinctive methods employed, omitting 
minor variations. As coal seams are “beds," they aro generally mined like bedded deposits 
(Art 30, 31, 32, 42). Striking exceptions exist in the pitching basins of the Pennsylvania 
anthracite fields, where the extreme folding and varied contours of the seams require 
original and complicated methods. For details of prospecting, development, breaking 
ground, support of excavations, and underground handling of minerals, refer to these sub¬ 
jects in Art 1 to 93. 

102. CLASSIFICATION, DEFINITIONS, AND GENERAL 

CONSIDERATIONS 

A distinction is sometimes made between the methods of mining anthracite and bitumi¬ 
nous coals, but for a given case the proper method depends much less on the kind of coal 
than on the physical characteristics of the seam, roof, and floor. For example, similar 
methods are employed in the flat seams of the northern anthracite field of Penna and in the 
bituminous mines of the same state; likewise, some of the “pitch-mining” methods of 
Penna resemUe those used in the pitching bituminous seams of Colo. Standard under¬ 
ground methods, with their modifications, fall into two groups: 

Pillar methods (Art 105, 106), known as room-and-pillar, pillar-and-breast, pillar-and- 
stall, bord-and-pillar, are those in which, from haulageways (gangways, roads, entries, or 
headings), comparatively wide openings (breasts, rooms, stalls, chamlwrs, or bo|da) are 
driven. These openings correspond to stopes of metal mines. P 11 J 4 AB 8 , between rooms 
and other openings, support the roof. Nearly all coal in the U S is mined by room-and- 
pillar. Aver recovery in vibst minino, that is, with no attempt to rob pillars, is 30%-60%. 
Final robbino increases the yield. U S Bur of Mines in 1923 stated extraction in U S 
anthracite mines was 49-69%, aver 65%; in 10 states, producing 90% of the bituminous 
coal, extraction was 55-92%, aver 65%. J. D. Sialer in 1931 (620) estimated total losses 
in mining bituminous coal at: 40% in Ohio, 27% in Penna, and 22% in W Ya; or approx 
same losses as in 1922. 

LongwaU methods (Art 108), divided into advancing and RvrRBATiNa longwall. 
are used extensively abroad, but, until recently, have foimd little favor in ^e U S. 
Instead of opening rooms with intervening inllars, coal ia mined from a continuous face. 
As work advances or rerreats, the roof is allowed to cave, haulageways and airways 
being kept oi>en by packwalls of wp.ate (gob). Recovery is approx 100%. 

Development openings, corresponding to the levels and drifts in metal mines, are locally 
called BMTRiSB, headings, or hoads (bituminous mines, U S), or gangways (anthracite 
mines). Openings for ventilation are te:-med aibwatb or air courses, also uonketb 
or MONKEY WAYS in anthracite mines. The mode of entry, by tunnels, drifts, or vertical 
or inclined shafts (slopes), depends primarily on the conditions governing the develop¬ 
ment of any mineral deposit, vis: topography, togeUier with ^e pitch and pineal 
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oharaoterutioa of the seam (Art 14-20). . For modifications in developonent to provide 
the special ventilation needed in coal mining, see Art 104, 108. 

Stripping (open<«ut mining) is sometimes adopted for coal seams, or parts of seams, near 
the surface (Art 100). 


103. CHOICE OF METHOD 

The beat method in any case is that which will yield a max recovery at a min cost per 
ton, in the best marketable condition, and with least danger to the miner. 

General factors influencing choice and details of method are as follows: Roof pbiis- 
BUXB is an indeterminate quantity varying with thickness of overburden. In longwall 
mining, a roof that hangs over moderate areas and settles gradually may help break down 
the face, but in general, where longwall is used, a roof that breaks "clean” at a moderate 
distance from the face is of greater advantage, as it relieves the pressure and simplifies 
roof control. Much attention is now being given to roof control in connection witii long 
faces and mechanical loading, and much of the success so far obtained from mechanical 
loading and the methods devised for it is attributatde to control of the roof and roof 
pressure. In pillar-mining in general, heavy roof pressure requires larger pillars and 
smaller openings; this is especially true in thick seams, or in soft, friable coal. Failure 
to recognize roof pressure in worUng out a room-and-pillar system may cause a squeeze 
or general crushing of pillars, and loss of coal over large areas. This Snay occur during 
first mining, but oftener during robbing, where removal of even one pillar may transfer 
to adjacent pillars a wt exceeding their supporting power. Pillar methods are used in 
most American mines, under all conditions of roof pressure in both flat and pitching 
eeams; but greater attention is now given to the adaptability of longwall and modified 
longwall methods to flat seams, where heretofore roof pressure and other conditions were 
considered unfavorable. Charactss of book and FiiOOB. The loof is the stratum 
directly above the seam. A good roof is self-supporting over moderate areas; other con¬ 
ditions being favorable, a greater recovery may be obtained in the first mining and less 
timber is required. These advantages disappear when the roof is self-supporting over 
large areas, because during robbing excessive pressure may be transmitted to pillars. 
The roof may be weak, as in the case of draw slate, with a stronger stratum above. If the 
weak stratum is thick enough to choke the room when it falls, equalisation of press mi^ 
be obtained, which is advantageous during robbing. Control of such a roof is difficult and 
dangerous, requiring much timber. In some regions, roof conditions are greatly improved 
by leaving a thin layer of coal unmined under the roof stratum; especial^ true where air 
and moisture cause flaking and disintegration. Character of floor also influences size of 
openings. Soft bottom reqxiires narrow openings and large pillars, especially where firm 
coal is mined under strong roof. Pressure on pillars tends to force them into the floor, 
causing floor to bulge, known as "heaving bottom." A firm floor is always desirable. 
Cbabactxr of coal. Strong coal may be mined by pillar or longwall. Mining soft, 
friable coal is always difficult, and in pillar methods requires large pillars. Flat seams of 
friable coal under heavy cover are bi»t mined by longwall, if character of roof permits. 
Inclination and thicknbsb of beam. In general, the max allowable size of opening 
decreases with increasing pitch and thickness of seam. Friable coal in a pitching seam 
sometimes tends to run; this emphasizes the requirement of large piUars and sanall open¬ 
ings. Practice abroad favors longwall for pitching seams of moderate thickness; in U S 
practically all pitch-mining is done by pillar methods. Pbbsbncb of explosive gas 
AND DUST indirectly influences choice of method, but has a direct effect on details of all 
methods. Advancing longwall in a gassy seam involves constant danger of gob fires; 
hence, retreating longwall is preferable. In pitching seams containing occluded gas, coal 
often tends to break away from face and pillars (called "bumpy" coal), and requires nar¬ 
row openings and large pillars (for discussion of this subject, see Sec 23). If there is 
danger from explosions of gas or more especially of dust, it is best to use a panel system 
(Fig 722), to confine explosions to small areas. Explosive dust also makes low-velocity 
air currents desirable and influences cross-section of airways (see Sec 23). Pboduct 
dbsibbd. Generally, the best method is that which will produce largest amount of lump 
coal; coal for coking is an exception (see Sec 34, 35). Wide faces produce the most lump 
coal; from this point of view under favorable conditions longwall methods are best. 
Excessive use of explosives should be avoided, and systems of loading and haulage care¬ 
fully designed to avoid breakage. Labor and market. In longwitil, there must be a 
steady market and a steady dass of labor; even a short stoppage may result in serious 
damage to the working face. In pillar methods, this is less important. Estabushed 
WAGE SCALES AND WORKING CONDITIONS. Where, by agreement or custom, extra pay is 
required for certain types of work, as yardage for narrow work in entries or rooms less than 
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10 ft wide, brushing (Iweaking down) of top or lifting of bottom, gobbii^ (paoking) of 
waste in the seam, or of draw-alate above the seam, timbering, and other items generally 
mentioned in wage agreements, it may not be possible to adopt the method most suitable 
for the physical conditionB on account of its excessive cost. Fbbiqbt batss. R R rates 
(and more recently trucking rates) are generally the factors governing shipments into 
market zones (except for special-purpose coals). These rates may directly affect choice of 
method; a mine having a favorable freight rate to a given market may be able to use a 
method giving greater recovery per acre than a competing mine without this advantage. 
Spbcification pdbchabbs. Large tonnages are purchased on certain standards of ash, 
sulphur, volatile matter, ash fusion, and Btu content. A system designed for mechanical 
loading, without auxiliary cleaning, may so alter the' quality of shipped product, as com¬ 
pared with hand loading without auxiliary cleaning, as to eliminate the coal from a 
desirable market. Size of propbrtt (its available tonnage) may bear directly on choice of 
method, by limiting the equipment investment. Thus, a relatively small property, 
physically capable of development by a system employing mechanical loading, may be 
unable to employ the system if, to produce a marketable product, additional invest¬ 
ment in a cleaning plant is required (Sec 34, 35). 


104. ROOM-AND-PILLAR METHODS 

General. Because of the frequent presence of explosive dust and gas (Sec 14), thor¬ 
ough ventilation is more important for coal than for metal mines. This requires driving 
bbvbpopmbnt openinus in sets. Fresh air enters by one or more openings, the intake, 
and after passing through the workings the foul air leaves the mine by other openings, 
the RETURN. 

Development in flat or slightly pitching seams. Sinolb-entby (rarely used, see Sec 
14). A single opening is driven, from which rooms are turned off in one or Ixith directions 
(Fig 700). The entry acts both as a main haulageway and an intake airway. The venti¬ 
lating current circulates as shown. A fall 
of roof may cut off the flow of air. Fig 701 
shows a typical DOUBiiE-BNTRY layout. Main 
entries are driven from the shaft, or from 
the surface; from these, cross or butt en¬ 
tries are opened. Rooms are turned off the 
cross entries. The cut shows the split sys¬ 
tem of exhaust ventilation (.See 14), the main 
haulageways being intakes. Advantages: (a) 
in case of accident in one entry, the other 
affords an escape; (b) the mine is divided 
into separately ventilated sections, so that a 
fall of roof or complete closure of any pair 
of butt entries will not affect ventilation in 
other parts of the mine; (e) main or cross entries may be driven ahead as far as desired and 
ventilation maintained without turning off rooms. Fig 702 shows trippe-entry applied 
to main entries, with double-entry in cross entries. The middle entry is the main intake 
and haulageway; the outer ones form the return. While involving more narrow work 
than double-entry, this system is well adapted to gaseous mines of large working area; it 
is also used where local conditions (bad roof, etc) prohibit driving a single entry of suffi ci- 
ent widtli for double-track haulage; the middle entry is then used as the return and the 
outer entries as intakes and haulageways. In quadruple-entry, 4 main entries are 
driven in parallel (Fig 703), each side of the mine being served by a separate intake and 
return. One intake entry' may be used as a traveling way. and the other as a haulageway, 
or both as haulageways. This system facilitates circulation of large volumes of air and 
is well adapted to high-speed endless-rope haulage (Sec 11). By leaving the center 
piUar intact. i e, eliminating the break-thboughs B, the two sides of the mine become 
wholly independent of each other, and may be considered as distinct mines, each opened 
by double-entry. Quint' pijE-entby is the same as the preceding, witb addition of one 
more entry, used as a traveling wav. 

Entries in flat or slightly pitching seams. Size of entry depends on two factors: (a) 
Entries must be large enough to insure adeiiuate ventilation. State laws prescribe a 
minimum quantity of fresh air per man or animal, and a max velocity of current (Sec 14). 
Airways should have the min perimeter for a given sectional area; a square entry is pref¬ 
erable to a rectangular one. In haulageways, height and width are influenced by rise 
of oar and mode of haulage. (5) Cost of maintaining wide openings may be prohibitive 



Fig 700. Single-entry Syafent in Flat Seam 
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if roof it bad. or the floor hat a 
in tuch catat, narrow entriea, 
while coatly to drive, are in 
the end an economy. In 
teams containing more or leas 
waste, or in thin seams, where 
floor or roof must be blasted 
to secure headroom, entriee 
are usually driven 16 to 20 ft 
wide and then narrowed to 6 
to 10 ft by building the waste 
into a packwall along one of 
the BIBB (Fig 704). (Rib is 
the face of solid coal along 
the side of a working.) Extra 
cost of driving is partly or 
wholly paid for by the coal 
taken out and transport of 
waste is eliminated. Die* 

TANCB BETWEEN ENTRIES. 

Main entries in flat seams 
are commonly driven on 30- 
60-ft centers, leaving, for a 
10-ft entry, a 20-50-ft pillar. 
Large pillars are required to 
protect main entries during 
life of mine. Cross entries 
need not remain open after 
the area served is exhausted; 
they are on about 30-ft cen¬ 
ters, leaving a 20-ft pillar for 
10-ft entry. For economy in 



driving, entries should be as 

close together as possible to reduce cost of breakthroughs. Distance between sets of 



Fig 702. Triple^ntiy Sirstem (Coal Miners* 
Pocket book 


Elg 703.' Quadruple-entiy STStem 


cross entriea depends on length of room and method of mining; length of room depends 



on character of roof, floor, and coal, system of 
haulage and ventilation. Rooms are commonly 300- 
350 ft long and, where turned in one direction only, 
give a gross entry spacing of 3.50-400 ft. Where 
turned in both directions, spacing of cross entries is 
700-800 ft, or twice the length of rooms, plus suitable 
pillars if desired. Dibeciton and i/>cation depend 
largely on size and shape of the property, surface condi¬ 


tions, cleavage or cubat of the coal (in bituminous mines), dip, amount of water, etc. 
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Main entries should be located approx to bisect tlie property. In mines opened by drifts, 
this allows development in 3 directions, reduces length of cross entries and permits final 
robbing at an earlier date, decreases cost of protracti^ maintenance of long haulageways, 
facilitates haulage, and permits material increase in output on shorter notice. To favor 
haulage and drainage in slightly pitching seams, main entries are driven directly on the 
pitch and cross entries approx parallel to strike. In bituminous coal, the cleat may alter 
this plan, as the cost of driving is often increased if entries are not parallel to one of the 
pronounced cleavage planes. Aijnxmsnt and ohade should uniform. Curves 



increase frictional resistance and wear and tear on track and rolling stock. Bends in 
airways increase friction and hence reduce efficiency of ventilation. Uniform grade is 
essential for efficient haulage and drainage. Cross-entry haulageways usually have a 
slight grade (0.75 to 1.5%) favoring the load. To obtain this it may be necessary to 
blast top or lx)ttom rock and to fill local depressions. Cross entries in slightly pitching 
seams may be driven at an angle to the strike to secure any desired grade. The following 
formula (355) is useful: ain A -» tan X -r tan Y, where A = angle between cross entry or 
rooms (if on a grade) and strike line; X and Y » pitches of cross er.try and seam, degrees 



Fig 706 


Fig 707 


(Tables 88, 89). Angle between rooms and cross entry = angle between rooms and 
strike line + angle between main entry and strike line. Sharp curves from main to cross 
entries riiould be avoided; sometimes done by driving diagonal c- t-offs. 

Rooms and pillars in flat or slightly pitching seams. Rooms are usually turned off at 
right-angles to the entry in one or both directions, depending on system of mining and 
dip of seam. From the neck N, Fig 706, of about the same width as the entry end 10 
to 30 ft long, the room is widened on one or both sides. Aver width of rooms in the 
U S is 24 ft; their length vai^ies with local conditions, custom, and method of working. 
Table 89 (355) is useful in laying out rooms driven at an angle to the entry. 

D. Bunting (368) gives the following formula for proportioning pillars in deep Fenna 

anthracite seams of flat pitch: yz "• 1 000 X ^0.70 + 0.30—^ 6, where y * depth below 
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Buriaoe, ft; s -■ distanoe crater to crater of rooms, ft; b » width of pilhtr, ft; h ■> totel 
thiokneas of eeam, ft. It is assumed that the weight of the overlying strata is 144 lb per 
cu ft and that the safe bad on a cube of anthracite is 1 000 lb per sq in. Fig 705, 706o, 
platted from this formula, gives results corresponding with practice in Prana. 

Bunting states that, in the application of any formula to the calculation of the sise of pOlars 
necessary to resist the press of overlying strata, consideration must be given to the nature of the 
sesm and its contiguous strata, and to the dip. Moreover, the proper factor of safety varies with 
local conditions, such as the relative location and extent of workings, and the seriousness of possible 
disturbance to the overlying strata and surface. 

Where conditions permit wide openings, i>ounx,n hooms may be used; they have 2 necks and are 
usually served by a track on each rib, gob being stored in the middle. Fig 706 shows types of 
and double rooms. Haulage in rooms, unless mechanical, becomes difficult on nitohes of 6° to 8”; 
rooms may then be turned off obliquely (Fig 707); this means of reducing haulage grades in rooms 
is feasible in seams pitching to 12”; calculations for grade are made os for oblique entries (see above). 
This practice increases the difficulty of robbing pillars. 


Table 87. Dimensions oi Rooms and Pillars in Flat Seams (V S) 


Ex 

No 

Location 

Rooms 

Room necks 

PUlara 

Width. 

ft 

Length, 

ft 

Width, 

ft 

Length, 

ft 

Width, 

ft 


Pittsburgh Beam. 

21 



■■■1 

12 

2 

41 14 

24 




IS 

3 

Southern Colorado. 

20 


8 

30 

20 

4 

Dawson, N M. 

24 

350 

6 

20 

20 

5 

Oklahoma. 

20-25 


8-10 



6 

Ilisylvania, Hocking Valley, O. 

30 



21 

12 

7 

County Coal Co, III. 

20 


6 


14 

8 

Michigan. 

30 



mHM 

8-16 

9 

Primero, Colo. 

18 


8 

lllilll 

22 

10 

Loup Creek, W Va. 

25 



H|HH 

35 

11 

Whi'twell, Tenn. 

42 


6 

21 

36 

12 

FranlrUn, Til .. 

21 


10 

. 

16 

13 

Rt^ttihenvillo, O. 

22 

250 



20 

14 

J. K. Dering Coal Co, Ind. 

22 

150 


■umi 

13 

15 

Castle Valley, Utali... 

22 

400 

12 

20 

51 

16 

RtAfirna CntifltV, Ky. 

40 




20 

17 

41 41 44 

24 




16 

18 

Tennessee. 

30 

215 

10 

21 

21 

19 

Melcher, la. 

60 


10 


30 

20 

Kaylor, Pa. 

42 


12 

21 


21 

Gary, W Va. 

20 


12 


40 


Influence of cleat. Bituminous coals usually contain two cleavage planes or cleats, 
running approx at right-angles to each other. Advantage is taken of them to facilitate 
breaking down the coal and to release occluded gas by driving the rooms at different 
angles to the more pronounced cleat. Face cleats are longer and more regular than end 
CLEATH. Fig 708 shows methods of driving. In driving face-on, the face of the room is 
parallel to the face cleats. This is the general 
method where conditions permit; it requires 
less powder and undercutting than the others, 
and yields more lump coal. In long-horn 
work, the room face makes an angle less than 
45° with the face cleats. Coal breaks in long 
slabs and with well placed shots there is a 
fair yield of lump coal. In half-on work, 
the room face is at 45° to the cleats; adapted 
to coals breaking equally well on face and 
end cleats. In buobt-korn work, the room 
face is between 45° and 90° to the face cleats; 
adapted to cases where pronounced end cleats require that added support be gpven to 
the coal face and bears the same relation to end-on work that long-horn does to faoe-on. 
In EKD-ON work, the room face is parallel to the end cleats; this, with short-hom, is 
adapted to withstand strong roof pressures, but yields less lump coal than other methods. 
In coals oontuning occluded gas at high pressure, face-on methods may cause violent 
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outbursts of gas, whereas end-on rooms cut the face cleats and allow gas to escape gradually. 
Under these conditional by using long-hom or shbrt-bom methods, the pressure of gas 
may be controlled and utilized to assist in breaking down the face. 


Table 88. Dimensions of Rooms and Pillars (356) 





Location 

Rooms 

Room 

Croee- 

Length, 

ft 

Width, 

ft 

pillare, 
width, ft 

cute, 0 
to c, ft 

Alabama (Pratt seam). 

300 

25 

10-20 

50 

(Thin seam). 

100-300 

20 

10-20 

20-50 

•• (Blue Creek). 

300 

25 

25 

50 

“ (Blocton). 

“ (Flat Top). 


25 

25 

25 

25 

50 

50 

Ark (Sebastian Coll’y). 

150-250 

18-30 

12 

40 

Illinois (Springfield). 

150-200 

30 

15-20 

60 

“ (Staunton). 

200 

40 

20 

60 

Oklahoma. 

100-300 

18-30 

10-12 

40 

Iowa. 

180-210 

21-30 

9-15 

60 

Maryland (Georges Creek),,, 

150-300 


40 

105 

Penna (Connellsville). 

250 

12 

32 

105 

4« tl 

250 

12 

72 

105 

" (Pittsburgh). 

250 

21-24 

12-18 

75-100 

" (Clearfield). 

180-200 

21 

15 

75 

W Va (Fairmont). 

250 

25 

18-20 

65 



10 

J-9 

5 

5- 6 

3.5- 6 

3.5- 7.5 
12-M 

6- 9 
6-9 

4.5- 7 


Pitch 
of bed, 
deg 


2-40 

2-20 

0-15 

0-10 

2-4 

4-12 

0 

0 

0-40 

0 

0 
2 
2 

nearly 

flat 

0-3 

0-5 


Character 
of coal 

Direction 
of rooms 

Character 
of roof 

Roof faults 
or slips 

Character 
of bottom 

Depth 
of cover, ft 

Time of 
drawing 
pillars 

B 

OF 

SI 

(b) 

FC 

100-600 

R 

A 

OF 

Ss 

N 

H 

50-300 

R 

B 

WG 

Ss 

N 

H, FC 

50-400 

(e) 

B 

NC 

Sh (d) 

N 

H. FC 

50-600 

(c) 

B 

OF 

SI (e) 

N 

H, FC 

50-200 

(e) 

B,F 

UP 

SI (e) 

ST 

H, FC 

50-400 

ND 

A(/) 

(8) 

SI (fc) 

(i) 

H, FC 

200-400 

ND 

A 

(J) 

SI (6) 

N 

H, FC 

400-500 

ND 

A 

UP 

SI 

ST 

H, FC 

50-700 

ND 

A 

(*) 

Sh, Ss, Lb 

(/) 

FC 

200-300 

(e) 

B 

WG 

S8(d) 

(m) 

FC orSh 

50-300 

(e) 

B 

OF 

8a 

N 

FC or 81 

20-350 

R 

B 

OF 

Ss 

N 

FC or SI 

350t 

R 

A 

OF 

H, SI 

N 

FC 4- Ls 

50-350 

R 

A 

NC 

81 

N 

FC 

20-300 

R 

A 

OF 

(n) 

N 

FC 

50-750 

R 


Entry 
Ex stump 
No pillar 
width, ft 


Coal left 
ill first 
working, 



Total 
coal 
recov¬ 
er'd. % 

Cross 
headings 
c to c, ft 

Entries 

width, 

ft 

Pillar 
width, 
ft (o) 


326 

8 

10 

.... 

300 

8 

10 

85 

300 

8 

12 

80 

250 

8 

12 

85 

300 

8 

12 

70 

175-300 

8 

18 

60 

300-400 

12-20 

40 

60 

420 

20 

40 

70 

125-300 

8 

18 

90 

360-400 

8 

(P) 

00 

1200 

8 


95 

300 

8-9 

52 

90 

300 

9 

52 

8^-95 

480-500 

8 

30-40 



8 

15 

95 

560 

10 

20-30 
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Table 89. Diitence from Center to Center of Rooms or BraMts. 
Measured on Entry or Gangway 


fl ^ 

Width of room + thickness of pillar, ft 













lit 

|il 

20 

25 

30 

35 

40 

45 

D 

55 

60 

65 

70 

75 

Distance measured on entry, ft 

90 

20.0 

25.0 


35.0 

40.0 

45.0 

50.0 

55.0 

jMIffl 

65.0 

70.0 

75.0 

BS 

20.0 

25.1 


35.1 

Kim 

45.2 

50.2 

55.2 


65.3 

70.3 

75,3 

80 

20.3 

25.4 

ILk] 

35.5 

kLXI 

45.7 

50.8 

55.8 


^^1 

71.1 

76.2 

75 

20.7 

25.9 

31.1 

36.2 

41.4 

46.6 

51.8 

56.9 

62.1 

67.3 

72.5 

77.7 

70 

21.3 

26.6 

31.9 

37.2 

42.6 

47.9 

53.2 

58.5 

63.9 

69.2 

74.5 

79.8 

65 

22.1 

27 6 

Eal 

38.6 

44.1 

49.6 

55.2 

60.7 

66.2 

71.7 

77.2 

82.8 


23.1 

28.9 

E3Q 

40.4 

46.2 

52.0 

57.7 

63.5 

69.3 

75.1 

80.8 

86.6 

55 

24.4 

30.5 

36.6 

42.7 

48.8 

54.9 

61.0 

67.1 

73.3 

79.4 

85.5 

91.6 

50 

26.1 

32.6 

39.2 

45.7 

-'.2.2 

58.7 

65.3 

71.8 

78.3 

84.9 

91.4 

97.9 

45 

2S.3 

35.4 

42.4 

49.5 

56.6 

63.6 

70 7 

77.8 

84.9 

91.9 

99.0 

106.1 

40 

31.1 

38.9 

46.7 

54.5 

62.2 

70.0 

77.8 

85.6 

93.3 

101.1 

109.0 

116.7 

35 

34.9 

43.6 

52.3 

61.0 

69.7 

78 5 

87.2 

95.9 

104.6 

113.4 

122.1 

130.8 


40.0 

50.0 

60.0 

70.0 

80.0 

90.0 

100.0 

110.0 

120.0 

130.0 

140.0 

150.0 

25 

47.3 

59.2 

71.0 

82.8 

94.6 

106.5 

118.3 

130.1 

142.0 

153.8 

165.6 

177.5 

20 

58.5 

73.1 

87.7 

102.3 

117.0 

131.6 

146.2 

160.8 

175.5 

190.1 

204.7 

219.3 

15 

77.3 

96.6 

115.9 

135,2 

154.5 

173.9 

193.2 

212.5 

231.9 

251.2 

270.5 

289.8 

10 

115.2 

144.0 

172.8 

201.6 

L 

259.2 

E JQ 

316.7 

345.5 

374.3 

403.1 

432.0 

5 

229.5 

286 9 

344.2 

401.6 


516.3 


631.1 

688.4 

745.8 

803.2 

860.5 


Development in pitching seams. The following notes describe Penna anthracite prac* 
tice, which may be considered standard for the U S. As in flat mining, development 
openings are driven in pairs, consisting of a hauiageway or gangwat, and an airway or 
iioNKXT. These openings are connected by chutxb, corresponding to the breakthroughs 
of flat mining . In thick, gassy seams, an extra monkey may be added, to provide a 



separate split of air in each working place. Fig 709 shows typical development for mode* 
rately thick seams; for variations, see Art 106. Sizx of ganowats depends more on size 
of cm* and method oi haulage than on character of coal, roof, or floor, and thickness of 
seam. Gtmgways for mule haulage are commonly 7 ft high by 10 to 12 ft wide in the 
clear. For mechanical haulage the height may be less, though good practice leaves at 
least 2 ft clearance above top of car. Dimensions of monkeys depend primarily on sir 
requirements (Sec 14); thus, if an area of 36 sq ft is required to pass the air needed in s 








































10-480 


COAL MININO METHODS 


split without undue friotioa, a monkey in a 6-ft seam would be 6 ft hi|^. Distakcb 
BBTWBBN DBVELOPMBNT OPENINGS. In Penna, the distance between gangway and 
monkey in moderately thick seams is commonly 30 ft. In thick seams, this distance 
depends largely on whether the monkey and gangway are on the same or opposite walls 
of the seam. It is customary to space gangways 300 ft apart along the pitch, leaving a 
CHAIN PiLUAB 20 to 50 ft Wide (along the pitch) imderneath each gangway (Fig 700). 
This allows a breast length, including ^e chute, of 250 to 280 ft. In thick-seam mining , 



on pitches over 40“, it may be advantageous to divide a lift of 300 ft in half by driving 
a COUNTER o»- BUGGT gangway. In many cases small mine cars, “buggies," are used on 
counter gangways; if so, the coal is lowered to the main gangway through counter 
CHUTES (Art 106). Standaid cars on counter gangways may be lowered by gravity planes 
(Sec 11), or the coal handled in (‘ounter chutes. Advantages of counter gangways are 
increased safety and better facilities for ventilation and handling timber. Direction, 



PLAN VERT Sre 

Fig 711. Bugg> Breast (Coal Miners' Pocketboolc. Pitch exaggerated) 


iX)CATiON, AND GRADE OF 'JANOWATS. Gangway.s are driven in the seam, following its 
contours along one wall, and are on a grade of 0.75 to 1.5% in favor of loaded cars; they 
are usually turned in both directions from the main opening.*). Breasts correspond to 
rooms in flat mining. Experience shows that moderately thick seams may be worked 
most economically by driving breasts 24 ft wide, on 50-ft centers, and not exceeding 300 
ft long. Variations in dimensions, due to character of roof and floor, and texture and 
thickness of coal, are much the same as in flat seams. Friable coal in a pitching seam is 
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apt to break away from the face and riba, causing a "run-away" wiUi more or leas disaatroua 
results; in such ooal, narrow, well timbered breasts are 

Oas^catlon of breaato SMordiag to their pitch. Wagon siUAme correspond to rooms 
in flat mimng ^d iot used where pitch is leas than 12». FuU-sise mine cars are run to the 
face and lo^ed by hand or conveyers; shaking chutes or scrapers may be used to transport 
ooal from the face to cars placed on the gangway. Bvggt BBSAsn (Fig 710, 711) dip 



VERT SEC 

Fig 712. Chute Breast (Coal Miners’ Pockelbook). a, Sheet-iron chute, c. Loading platform. 

e. Props. /, Gob. g, Top ooei 


10®-18“; small cars (buggies) transport coal from face to cars on the gangway. Buggies 
have been largely replaced by conveyers, shaking chutes, or scrapers (Sec 27). Chut* 
BHEABTS. For pitches over and less than 30® to 35®, a chute lined with sheet iron 
(usually No 10 gagej conveys coal from the face to a loading platform at the gangway 
(Fig 712). On dips less than 20°, the coal must Iw pushed along the chute, or mechanical 



VERT LONQIT SEC 
Htwktr aoi ihowu 


VERTCR0SS-8E0 


Fig 713. Battery Breast, Mammoth Seam, Hasleton, Penna (after Chance) 


drags may be used. Rock and refuse are gobbed on tlie sides of the chute. When the 
pitch exceeds 35°, coal will generally slide on the bottom rock; the sheet iron is then elimi¬ 
nated and planks set against the two rows of props guide the coal to gangway. Stxbp 
BBKAS ra WORKED EUPTT. As the dip increases, the working of empty breasts becomes 
increasingly difficult and dangerous, and the breakage of coal a serious item. Dips of 
40® to 45® are probably the limit for safe and economical empty work. Breasts pitching 
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65* to 60* have been worked a staggered battery method (Art 106), but the praotioe 
is bad and should be avoided. BArraar brsastb, used in steep pitching seams, resemble 
shrinkage stopes in metal mines (Art 68). At the head of the chute (Fig 713) is a battery 
or gate, consisting of props heavily lagged or planked. From this point the breast is 
widened as required; manways are carried up each side and the broken coal is retained 
in the middle by lagged or planked props. The broken coal supports the miiMrs; it 
occupies approx 50% more volume than solid coal. To give headroom at the face, excess 
broken coal is thrown down one of the manways and drawn off daily at the gangway. 



Fig 714. Battery Construction Fig 715 

When the breast is finished, the broken coal is drawn through the battery as desired. 
Fig 714, by W. L. Cross, Jr, shows typical construction. 

Mechanization of coal mines. Like all other mass-production industries, coal mining 
seeks to eliminate hand labor. In hand-loading mines in the U S, the labor cost probably 
exceeds 60% of total cost of production. As wage scales increase, tliis percentage increases, 
and the cost of production puts coal at a disadvantage compared with oil, gas, and elec 
power, in the production of which the percentage of labor cost to the total is relatively 
small. Coal operators are therefore adapting the established methods of room-and- 
pillar, panel, longwall 'uid modified longwalt, to the use of mobile loaders, conveyers, 
shaking chutes, and 8cra}>era (Sec 27). Besides mechanical loaders, elec coal drills, hand¬ 
hold, post- or track-mounted, and track-mounted cutting and shearing machines of large 
capac are being installed. 

From statistics of the National Bituminous Coal Comm f072) Fig 715 shows tonnage o( anthra¬ 
cite and bituminous coal mechanically loaded in U S mines from 1929 to 1937, and tonnages of 
bituminous coal mechanically cleaned in the same period. Table 00 shows equipment used in 
bituminous mines in 1936. N B C C estimates percentage of U B coal production mochanicallv 
loaded at 12% in 1933 and 10.4% in 1936, exclusive of cool from strippings. 
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Table 90. Tonaage of Bitaniiiotu Coal Mechanically Loaded Underground in 19M 



Net tons 

Percent 

Loaded by machine: 

Mobile loading machines. 

40 961 321 

90.1 

Scraper loaders. 

1 272 466 

2.8 

Conveyers equipped with duckbills 
and other self-loading devices 

3 240 411 

7.1 

Total loaded by machine. 

45 474 198 

100.0 

Handled by conveyers: 

Conveyers equipped with duckbills 
and other self-loading devices.. 

3 240 411 

13.1 

Pit-car loaders. 

10 537 707 

42.6 

Hand-loaded conveyers. 

10 949 943 

44.3 

Total handled by conveyers. 

24 728 061 

100.0 

Recapitulation, less duplirations: 
Mobile loading inaohinea. 

40 961 321 

61.2 

Scraper loaders. 

1 272 466 

1.9 

Conveyers equipped with duckbills 
and other self-loading devices. 

3 240 411 

4.8 

Pit^car loaders. 

10 537 707 

15.7 

Hand-loaded conveyers. 

10 949 943 

16.4 

Grand total loaded mechanirally 

66 961 848 

100.0 


105. EXAMPLES OF ROOM-AND-PILLAR MINING IN FLAT SEAMS 

(See also Tables 87, 88) 

Georges Creek district, Md. Data from H. V. Hesse in 1909 (357). Fig 716 shows 
unsystematic methods employed in 1850 for a bituminous seam 6-9 ft thick. All workings 
were at random, with no attempt to recover pillars; 55% of total coal, not including top 
coal left standing for a roof, remains and makes reworking or rubbing difficult and costly. 
This old example shows necessity for systematic mining to secure max recovery. In this 



Fig 716. Unsystematic Mining, Georges Creek, Md 


seam, narrow rooms and wide pillars are required by the character of roof and coal. Fig 
717 ahowa a recent systematic plan of working, evolved after numerous experiments. Most 
of the coal ia obtained by robbing (Art 107); total recovery of 94% is claimed. 

Pittabnrgh region. Data from F. Z. Schellonherg in 1910 (.3M) and Pittsburgh Dis¬ 
trict Committee on Coal, of the A I M E, in 1926 (606). Seams are regular, permitting sys¬ 
tematic development; a pronounced cleat in the Pittsburgh scam i~ an important factor in 
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laying out workings. Where pillars are not drawn, rooms are 20-25 ft wide and 200-300 ft 
long, with 8 to 10-ft pillars. Rooms are often turn^ off butt entries, and driven with their 
faces on the face cleats. With pillar-drawing, panel systems are used, most of the faces 
being at right-angles to the butt face cleats. Standard length of rooms, 200-300 ft; width, 
10-20 ft; headings, 8-10 ft wide, are 2 to 6 in number, spaced 35-50>ft centers, according to 
the ventilation and haulage requirements, the overburden, and life of the entry in question. 



Fig 717. Systematic Mining, GeorgM Creek, Md 


Pittsburgh seam throughout this district is 4.5-9 ft thick; dip, 0'*-6°; recoveries from 
mining, 65-90%. Fig 718 shows standard method in the Conneilsville region; Fig 719, 
Fairmont district, northern W Va; Fig 720, Pittsburgh Coal Co; Fig 721, 722, general 
method of Monongahela River Consol Coal and Coke Co. Panels are 500-600 ft wide by 
1 400 ft long; rooms are usually turned in both directions from the butt entries. Pillars 
are robbed during either advance or retreat; faces of robbing operations are at 45° to the 
butt entries. 



Fig'718. Standard Mining Method of Advancing and Retreating, Pittsburgh Seam, ConneOaville 

Region, Penns (606) 

West Virginia. Due to the regularity of the seams, deBnite systems of mining are planned and 
earned out with only slight variations to meet local conditions. Main entries are triple or quad¬ 
ruple; section entries, triple nr double; cross entries, double. Panel systems are common. Usual 
dimensions are as follows, with exceptions noted below. Main and eection entries are at 40-60-ft 
oentera and 8-12 ft wide; crose entries, 30-50-ft centers, 8-12 ft wide; interval between pairs of 
cross entries, 400-600 ft; rooms, on 40-80*ft centers, are 15-80 ft wide and 200-400 ft long; interval 
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Fig 720. Syrtematio Mining, Pittaburgh Seam 
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between crosscuta in entriee, 76-100 ft, in rooms, 100 ft; barrier pillars, 100-200 ft wide. Moka 
mm, Arkwright Coal Co, Morgantown, W Va (350). Pittsburgh seam, 8 ft thick, of which 7 ft is 



Fig 721. Systematic Mining, Pittsburgh Region 



Fig 722. Detail of Fig 721 


and 1 ft left on top to support draw slate 3 to 6 ft thick. Productive territory is developed 
by pairs of butt entries on 60-ft centers, at intervals of 300 ft. Butt entries, 11 ft wide, are driven 
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950 ft to ac!(K>ininodat« 14 rooma on 60-ft center*, leaving a 150-ft barrier pillar between face entries 
and firgt room. Rooms are turned ofT the inby butt entry only, and are driven to the outby entry 
of the next pair of butt entries; rooms 11 ft wide; pillars, 49 ft. Most of tonnage is recovered on 



Tcnip«>rary hrenk Yroim ect *^e-c with Sl'caps! 
rows of props additional ttnibors r.a needed 


Fig 723. Mining of Room Pillars, Mona Mine 

retreat, and roof control is suereaafully nreompiished by tnaintnining n 4.5** pillar line Coni faces, 
both on advance and retreat, are top-cut and sheared by a Universal-type, track-mountfid machine 
cutting a 6-in kerf. Drilling is by track-mounted, elec auger drill; loading by a track-mounted, 


- uL. 

Back of top ent 



Advancing a Heading 


6*shears 



Driving a Room 


Hg 724. Breaking Ground, Mona Mine 


elec loader. In retreat, room pillars are extracted by a series of 15-ft cuts, leaving small fender" 
blocks of coal next to the gob (Fig 723), which keep the gob from rolling into the fall of coal. Fig 724 
shows method of breaking ground in advance and letreat. Pocahontas piki,d. Seams, 3 to 10ft 
thick. Fig 725 shows the general development plan of the Poenhontas Coal and Coke Ca, 
T«.-a7 
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providinc for quadruple main entries, triple croaa entries, and double panel entries; alternative 
methods are shown in panels 1, 2, 3. The following directions, issued by the company, indicate 
the distinctions between these methods. Panbi. no 1. Drive the rooms on the 3rd cross entry 
as soon as they are reached. Begin robbing (Art 107) when the second room is completed, and 
rob advancing on the 2nd and 3rd cross entries to within 100 ft of the 2nd cross entry. On the 



Fig 725. Mining in Pocahontas Field, W Va 


let cross entry drive the last room first and luh ictre.iting, taking out the barrier pillar loft on 
the 2nd cross entry. Panei, no 2. Drive entries to the limit before turniii,-; rooms, except os 
shown. Turn last room and 3rd cross entry first. Begin lobbing at inside corner of panel; develop 
rooms only fast enough to keep in advance of robbing and bung robbing back with a uniform 
"break-line,” until completed to bonier pillar.<j. i'ANiiL no 3 illustrates a continuous panel. Drive 



entries to the limit before turr.ng rooms, o.-.cept os shown. Turn last room on 1st cross entry 
first, and begin robbing as soon os the second loom is completed. Develop rooms only fast enough 
to keep in advance of robbing, und bring robbing back with a uniform break-line until the limit of 
mining w reached. With uniform conditions, such plans can be quite closely followed (360). MtNX 
No 6, TJ 8 CoAi, AND Coax Co. Data from E. O'Toole in 1923 (607). The method (Fig 726) ia 
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T 

Fig 728, Typioal Room Diagram, MaoAlpin Coal Co (490) 
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COAL MINING METHODS 


a room«aiid-pillar continuous advancing and retreating system. While advaneiiig, room ribs, 
hea<Ung stumps and beading chain pillars are extracted. During advancing period, headings are 
continuallr progressing, rooms being driven on the inby side. When the rooms reach their limits 
the pillars are witlidrawn, residting in complete extraction of the section. When robbing cuts a 
cross heading olT from the main headings, haulage proceeds to another heading through a room. 
Each section is planned for 1 000 tons per shift. This method aims to give full ivoduction soon 
'>,ftcr be g i n ni ng operations and maintain it until the mine is praetically exhaust^. Ufa of a Motion 



Fig 720. Block Koom-and-pillar System, Ill 


la 10-40 yr. The method alTords simple ventilation, transport and drainage; it concentrates 
operations and permits max supervision. MacAlpin Coal Co, Mine No 4 (490). Pocahontas 
No 4 seam, 3 ft thick. System is room-and-pillar retreat; pillar drawing using chain-flight face 
and room conveyers and belt mother conveyers on panel entries; cars to slope and belt conveyers 
to tipple. As in Fig 727, main headings are in seta of 5; cross headings in sets of 4, and panel or 
room headings in pairs. Cross headings are on 2 200-ft centers; panel or room headings, 600-ft 
centers. All headings are 10 to 20 ft wide. Room necks, 18 ft wide, 16 ft deep. Rooms, 40 ft 
wide on 70'ft centers. Each panel contains 40 rooms, 20 driven from eaoli heading. A cycle of 



Fig 730. Room System, Peabody Coal Co Mine No 8, Ill (491) 

mining is maintained on panel heading, whereby the inby pillar is drawn as the 2 adjacent 
outby rooms are advancing. Reading pillars are also diawn. Fig 728 shows detail of room and 
pillar mining. 

Illinois. Seams are gcnornliy flat; aver depth, 200 ft. The coal is firm, with partings 
of varying widths; seams, ‘.'..i-y ft thic^ Roof characteristics vary; floor is generally 
fire clay, likely to heave when wet. Straight room-and-pillar panel systems, and a 
modified panel system known as the “block room-and-pillar” or “seirii-panel" (Fig 729), 
are all in use. For dimer.'iions of openings see Table 91 (301). Some longwaU mining 
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is also done (Art 108). Pbabodt Coal Co, Mine No 8, Christian County, lU (491). 
No 6 Heaih, 6 to 7.6 ft thick; 370 ft of overburden. Panel system of 30-ft rooms at 50-ft 
centers, 256 ft long. Panel entries are in pairs 12 to 14 ft wide on 42>ft centers; 21 to 37 
rooms are turned from each pair of panel entries, every 7th room being omitted, to leave 


Table 91. Illinois Room-and-pillar Practice 



System of mixiinK 


Entry width, ft 


Entry pillar width, ft 


Room>aiid-pillar. 

Panel (a). 

Room-and-pillar. 
Room>Bi)d'pilIar. 
Hoom-and-pillar. 

Panel. 

Semi-panel. 

Semi-panel. 

Room-and-pillar. 

Panel. 

Room-and-pillar. 
R oom-and-pillar. 

Panel. 

Panel. 

Room-and-pillar. 
Rooni-and-pillar. 
Panel... 


Main 

Crtiss 

Room 

Main 

6t 




21* 

21* 

21* 

35 

7 

6t 


16 

8 

6 


I2t 

12 

12 


42 

12 

12 

12 

60* 

8 

8 


25 

8 

8 

«t 

35 

12 

12 


40 

14 

14 

14 

50 

9 

9 


25 

7 

7 


35 

21* 

21* 

21* 

40 

9 

9 


20 

14 

21 


42 

8 

10 


30 

12 

12 

12 

50 


Barrier pillar 
width, ft 





Cross 

Width, 

ft 


15t 

35 

27 


24 


24 


26 

50 

30 

20t 

24 

50 

26 


30 

ibb* 

30 


43* 


24 

75 

30 


24 


40 


28 

50 

35 


Lena til, 
ft 


200-1-500 

265 

180 

200 

300 

250 

200 

240 

300 

250 

250 

180 

250 


Width 
of room- 
pillar, ft 



Room necks 

Width, 

Length, 

ft 

it 

6t 

15 

21 

12 

9 

9 

8 

10 

8 

7 

12 

12 

8 

10 

8 

9 

12 

20 

22* 

22 

9 

19 

9 

IB 

21 

25* 

9 

4t 

21 

18 

10 

9 

9 

’ 1 



Diet from Distance 
entry to between 
full room rooms, 
width, ft oentere 



No of rooms 
on room entry 


Crosscuts 
width, ft 

Dist from entry 
to lat crosscut, ft 

Width of 
ro6m stump, It 

'?r of coal 
recovered 

15 


24 

45 

21 

60 

49 

50 

9 


' 21 

81 

8 


34 

44 

12 


37 

96* 

12 

50t 

48 

50 

8 


26 

54 

8 


27 

56 

20 

60 

48 

58 

21 

65 

33 

63 

5 


38 

55 

9 


I8t 

68 

21 

sot 

49 

56 

9 


35 

55 

30* 

•wt 

59* 

63 

4t 


28 

42t 

12 

70* 

45 

55 
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COAL MINING METHODS 


a 7(Mt for roof control. Track-mounted horiz cutting machines and caterpillar 
loaders are ua^. To facilitate car change and loading, every third room is driven as a 
“key" room. As shown in Fig 730, the first crosscut in the key room is driven through 
into the side room, makin g sure there is enough pillar left between entry and crosscut A. 
Then the first crosscut to the left from key room is turned when the outside rib of crosscut 
is 10 or 12 ft past the inside rib of opposite crosscut B. This procedure, which staggers 
the crosscuts for roof protection, is carried out until the room is nearly finished. The 
last crosscuts are driven from the side rooms C, because the back switches in the side 
rooms make the car change much quicker. Each back switch has a switch directly be¬ 
hind it, D, to speed up the car change. Crosscuts in the key rooms aver about 56-ft 
centers, with 40-ft pillars. This makes the switches 56 ft apart on each side, but only 
28 ft from switch to switch, counting both sides. Minb No 57, of same company, uses 
nearly the same system of panel mining and "key" rooms, but shear-cuts room faces 
advances them as in Fig 731. Increased yield of Imnp is claimed. Mofitat 



■ P oll room width, 2ir -> 

Tascs timed for shots to ga singly 


Fig 731. Breaking Coal in Peabody Coal 
Co Mine No 57. lU (491) 
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Fig 732. Mine-car Gathering Cycle, MofTat Mine, Ill 
(034) 


inNa, Moffat Coal Co, Sparta, Ill (634), is in the No 6 seam and was originally developed 
for hand loading. Rooms are 30 ft wide on 70-ft centers, with max length of 300 ft; 
breakthroughs on 50-ft centers. Gathering was first done by mule''. Later, caterpillar 
loading machines were installed, as in Rg 732. The system was further modified, as 'in 
Fig 733, by using tracioi-trailer (storage-battery) gatheiing units mounted on rubber 
tires. These are of 5-ton r.xpac, bottom-clumping, and are run directly over the conveyer 
hopper when discharging. Another modification is planned, a.a follows: The 3(Xi-ft 
rooms will be lengthened indefinit-'-ly. Every 300 ft, 3 lines of crosscuts will be driven 
across a panel of 18 rooms, for haulage and air, with a line of stoppings outby the first 
line of crosscuts to advance the air supjjiy. ISach 18-room panel will have a hopper- 
conv^er unit, located centrally along the tractor-trailer haulagoway. This will limit the 
max gathering haul to about 1 (X)0 ft, and the aver haul to less than 6(X) ft. As two 
gathering units can then serve a loading machine, the territory wiU be subdivided into 
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2 ieotions, of 9 rooms mch, on each side of the hopper-conveyer. Each section ■will have 
a loading machine, with auxiliary equipment. Thus the single conveyer will serve 2 
loading machines and 4 tractor-trailers. Panel entries, parallel to the rooms, will be 
advanc.ed by gang work as usual. Fig 735 shows the proposed method; Fig 734, the 
method of timbering. 

Indiana. Panel systems of room-and-pillar work with double-entry development are 
in universal use. The following figures of practice of the Brasil Block Coal Co are fairly 



Fig 733. Tractor-trailer Cycle, Moffat 
Mine, lU (634) 


Fig 734. Timbering Diagram, 
Moffat Mine. lU (634) 


representative; seams are 4.7-10 ft thick; depths, 80-600 ft. Roof is sandstone or shale; 
floor, fire clay. Rooms, 18-30 ft wide, usually 21 ft; necks, commonly 9 ft wide and 
12-20 ft long. Width of main-entry pillars, 18-40 ft; cross-entry pillars, 15-30 ft; room 
pillars, usually 9 or 10 ft wide, occasionally, 20 ft (362). Saxton mins, Saxton Coal 
Mining Co, Terre Haute, Ind (635). Seam No IV, 5 ft thick. Fig 736 shows typical 
production panel. Main entries are 11 ft wide, on 33-ft centers; room entries, 11 ft 
wide, 25-ft centers. W'hile panel entnes are advancing, the middle entry serves as 


prngUng 



Fig 735. Mining System, Moffat Mine, HI (634) 


haulageway; when a panel has been driven full distance, track is removed from middle 
entry, which then serves as return airway only. In each panel, 24 rooms are turned at 
45“ along each side ent.y. Rooms are 21 ft wide on 33-ft centers, and are driven to max 
length of 350 ft. Six subsidiaiy rooms are turned at 45“ from the first room. Room 
panels, 594 ft wide, are separated from one another by barrier pillars 25 to 50 ft wide, 
thus making room-panel entries on 619 to 644-ft centers. By using wide rooms and narrow 
piUars, a recovery of approx 66% is claimed. In development work, the coal face is 
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undercut its entire width and sheared from top to bottom above the ri^t>hand rail. 
Depth of out, 8.r> ft wilb 6-in kerf. Fig 737 shows mode of cutting and placing shots 
in rooms. Equipment includes track-mounted cutting and shearing machines, elec 
post-tnounted auger drills, track-mounted shovel loaders in development entries, and 
track-mounted flight loading machines. 

Ohio. Whbeuno Township Coai. Mining Co, Mine No 2, Adena, Ohio (639). 
Pittsburgh No 8 seam, 64-60 in thick. Draw slate, 11 to 14-in, is taken down, leaving 




All dDHt mast 
be removttd from 
undercut 

' CutUn^'*' 


V' A i'nii* of -. 

11. r '-i U:"Shou . 

b I3na«rfut a'Q"; jT t,' .* .. 


Side Elev 


Fig 737. Breaking Coal in Rooms, Saxton 
Mine, Ind (635) 


Elg 736. Panel in Saxton Mine, Ind (636) 

a 12-in seam of coal as roof. Mine opened by drift under cover of 30 to 260 ft. Quad¬ 
ruple main and face entrie? are driven as 2 pairs, connected for haulage purposes every 
600 ft. One pair serves ati intake, other as return. Butt entries 8.5 ft wide are in pairs 
on 82-ft centers, turned on 484-ft centers at right-angles to face entries. Driving butt 

entries 1 635 ft allows for turning of 48 rooms 26 ft wide, 225 ft deep, on 34-ft centers, 
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leaving a IS^ft pillar between first room and the face entry. Room necks are turned 
off butt entries at 66® and deflect^ to full 90® after 4 outs. Nooks are 12 ft wide to 
accommodate track-mounted cutting and loading machines. Every eighth room is 
omitted, giving 7.room panels separated by 42-ft pillars to control roof. After the butt 
entries have been driven the required 1 636 ft, production is obtained by simultaneously 
advancing blocks of 7 rooms off each entry. These rooms are completed before production 
starts on the next 2 blocks of 7 rooms each. No pillar recovery is attempted. Coal is 
loaded by caterpillar loading machines directly into 3-ton cars. Room face is undercut 
and sheared near its center by track-mounted cutting machine, making a 9-ft cut, 6 in 
wide. Four holes are drilled in the face with post-mounted elec auger drill of 1.5-in diam • 
1 hole on each rib and 1 hole between each rib and the shear cut; all holes are horiz and 



Fig 738. Room Work, D. O, Clark &^me, Wyo(636) 

€ in below the draw slate. The hole to left of the shear cut is shot first and the broken 
coal loaded out; then the left rib hole is fired, and its coal loaded; same system is repeated 
on the right side. Pellet powder is used; 3 sticks per shot. Draw slate is shot down after 
.coal has been loaded out. Entries ari undercut and sheared on both ribs. One 1.5-in 
hole is drilled with hand-held oloc auger in the center and 0 in below the draw slate and 
loaded with 2.5 sticks of pellet powder. Crew of 6 men. working a pair of entries, under 
normal conditions makes seven 9-ft cuts per shift, or about .30 ft advance in each heading. 
Standard room timbering comprises a row of road posts on 3-ft centers 4 ft to the Irft of 
center line of room; another row on 3-ft centers 4..5 ft to right of center line (extra 6 in to 
allow clearance for loacUng-machine operator); 2 rows of gob posts on Wt cantere. between 
road posts and ribs. All posts are hardwood, in lengths of 5.5 or 6 ft, secured by sawed 
'vedges driven between roof and top of post. 
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Wyoming. Fig 738 shows typioal roora-and-pillar operation in the D. O. Clark mine of 
the Union Pacific Coal Co, Sou Wyo, where self-loading shaking conveyers (duckbills) we 
in use (636). Distinguishing feature is that one pillar is being mined on retreat while an 
adjacent room is advancing. 

British practice. Room-and-pillur metliode in Engiand (bord-and-pillar, post-and-stall, piQar- 
and*BtalI), and in Scotland (stoop-and-room), resemble those in the U S, except in dimensions of 
openings and percentage of recovery on first mining (Fig 739). Common dimensions (363): entries 



Fig 739. British Praotioe, Bord-nud-pillar or Panel System (Hughes) 


(walls), 6 ft wide; roonu fstalls), 12-15 ft wide; ruoin pillnrs, ns large ns 132-198 ft souare. Recov¬ 
eries are about 30-35% in first mitiing; first-mining recoveries of 40-50% are considered dangerous. 
Most of tbs coal is won during robbing CArt 107). 


106. EXAMPLES OF ROOM-AND-PILLAR MINING 
IN PITCHING SEAMS 

General. Pitch-mining practice has been developed most extorisivoly in the anthracite 
basina of Pennsylvania; I'lg 740 (364) shown the relative iiositiotLs of several seams and 
indicates a wide variety of local conditions. Virgin seams of moderate thickness are miner! 
with buggy, chute, or battery breasts (Art 104), the pillars being subaeiiuently robbed 
(Art 107); the Natalie Colliery illustrates sutih work. Other examples outline more com¬ 
plex methods for special conditions. 

Natalie Colliery, Western Middle field, Pennu. Tho Lykena seam occurs here in 2 
splits, separated by 60-80 ft hard conglomerate, yearns are very irregular; innches, faults, 
and sudden changes in the texture of the coal arc common. The unde’■lying split (Lykens 
No 1) averages about 4 ft of shelly, friable, badly crushed coal, with bands of slate and dirt 
to 1ft thick; it contains a li.iie gas. Roof and floor are hard conglomerato. The overlying 
split (Lykena No 2) averages 4-5 ft of very hard clean coal, with no gas; roof and floor, 
conglomerate. Aver pitch of both splits, 25®; vert depth of workings, 410 ft. Main open¬ 
ing is a double-track slope, driven o„ pitch in Lykens No 1; ears hoisted to surface. Gang¬ 
ways, 7 by 12 ft and about 300 ft apart along the pitch, are driven on the strike against the 
top rock, on grade of 0.75% favoring the loa 1. The monkey, 30 ft above the gangway, has 
an area of 36 eq ft, dimensions varying with thickness of semn. Chutes, 6-8 ft wide by 
thickness of seam, aie turned off at rii^t-angles to the gangway on 50-ft centers. Breasts 
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are 24 ft wide and 270-290 ft long, leaving a 10 to 30>ft chain pillar to support the gangway 
above. Headings, turned on 00-ft centers, have an area of 36 sq ft. Coal is conveyed from 



Fig 740. Workings from Nesqueboning Tunnel, Southern Anthracite Field (Whildin) 

the face to tlie gangway by aheot-iron chutes. Lykeiis No 2, opened by a tunnel from No 1, 
is mined similarly. Forced ventilation ia used; interruptions of 
air current, due to opening of doors for gangway traffic!, are not 
serious because of small quantity of gas. 

Staggered battery breasts. At a mine in the Middle West¬ 
ern anthracite field of Penua, the seams have an aver dip of 20°. 

Coal ia firm and hard and 5 ft thick; roof and floor, good. 

Breasts are 24 ft wide on 60-ft centers and worked with sheet- 
iron chutes. Coal is paid for by the car, miners doing their 
own loading. As the faces of the breasts advanced in one sec¬ 
tion, the dip increased graiiually from 20° to 60°. Due to the 
amall area in which this occurred, and because tlie whole mine 
was worked on a <!ar basis of payment, it wa.s deemed inadvis¬ 
able to drive a counter gangway and work battery breasts from 
it. Instead, and to provide safety and support for the minors and 
decrease breakage of coal, staggered batteries were used when 
the pitch reached 40° (Fig 741). This shows poor mining, but 
illustrates variations of practice to meet local economic and 
geological conditions. Many other variations are in use. 

Rock-holes (rock-chutes) are widely employed in mining con¬ 
tiguous scams. Development oticnings are driven in the under¬ 
lying seam and rock-holes (inclined raises similar to chute-raises. 

Art 67) are driven to the overlying scam from the gangways or 
breasts, or both. Breasts may be opened in the overlying seam 
directly from the rock-holes, or from small gangways driven to 
connect tops of rock-holes. This often effects large economics in 
development; especially in reworking the thick Mammoth 
seam, which contains large amounts of coal loft by crijde early 
methods. Reopening old gangways in Mammoth seam ia danger¬ 
ous and costly; it is often impossible even to drive new gangways 
near worked-over areas. 

One or more contiguous seams may be opened by tunnbls run 
across the strata from a main haulageway in one scam. This 
presupposes possibility of driving and maintaining gangways in 
the other scams. Where a series of short tunnels is driven to 
reach an adjacent seam they are known as. ssctionai, TirNNBLB, 
and are spaced at intervals depending on their length, speed of 
development desired, and condition of the seam to be oi>ened They 
avoid breakage of coal in rock-holes, provide numerous working 
faces and hence allow i apid development. Examples follow. 

Lawrence Colliery, Schuylkill region, Pnnna (H. H. Morris). Holmes Fig 741. Staggered 
seam, averaging 8-10 ft of firm eoal, ia mined by rock-hoica from Batteries 

development openings and breasts in the Four-Foot seam; the seams 

are separated by about 10 ft of rock; pitch, about 80°. Gangways and monkeys are driven 











10-498 


COAI. MINING METHODS 


on 80-ft centeiB in the Four-Foot seam, with chutes on 60-ft centers. A few feet above high 
aide of the monkey, a battery ia buiit, and enough coal blasted to allow a 6 by 8-ft rock-hole to be 
driven at about 40“ through the top-rock to Holmes seam. The rock-hole is partitioned to make a 
manway and a coal chute. On entering Holmes seam, a battery breast is driven 24 ft wide up the 
pitch. For ventilation, 2 or more ruck-holcs, breasts and headings must be opened in the Holmes; 
a split of air from the Four-Foot monkey is carried up the manway of one rock-hole, throuid> the 
workings in the Holmes and down another rock-hole manway into the Four-Foot monkey. After 
the Holmes breasts have been driven and drawn, breasts of same width are driven in Four-Foot 
seam directly under those in the Holmes. Pillars must all be of same sise. Sometimes the mined 
coal in the Holmes breasts is held in reserve and not drawn when a breast is finished, in which ease 
an extra battery is built in the rook-hole, for opening the breast in the Four-Foot. In this part of 
the mine, surface conditions prohibit robbing; pillars in the Holmes seam, however, could be robbed 
before driving breasts in the Four-Foot. In another part, several seams, pitching 65“ and 1.6-30 ft 
thick, are mined by counter-gangways, counter-chutes and rock-boles (Fig 742). The colliery ia 
opened by a "gun-boat” elope in the Beven-Foot seam. Main level is at 634 ft elev; counter-levele 
at 320 ft, 920 ft, and 1000 ft; surface at outcrop, 1 200 ft clev. (In Peitnu anthracite mines, elev 

of gangways is given in ft above sea level.) 
The method in the thinner seams ia about 
tiio same as at the Natalie Colliery (above), 
except that all breasts are of battery type and 
worked full. It was impoesible to drive gang¬ 
ways in Mammoth scam, due to condition of 
its old workings; hence, rook-holes (6 by 6 
ft) are driven from Skidmore or Leader seam 
at 60-ft centers on the gangways and 60-ft 
centers on the pitch from Skidmore breaeta. 
Distance between Skidmore and Mammoth 
seams, 20-00 ft. All coal mined on the 
counter-levels goes to a counter-chute in 
Leader seam (a 12 to 13-in split of Mam¬ 
moth appearing at irregular intervalB between 
the Skidmore and Mammoth). This counter- 
chute extends in the T.eader from the 1 000-ft 
counter-gangway to a point above the 634-ft 
level, where a rock-chute is turned back to 
the loading jiit .slightly below 634-ft level. 
Battcmsi are built in the eounter-chute above 
each counter-gangway, to regulate the flow of 
coal and maintain dump room on the gang¬ 
ways. Breakage is minimized by keeping the 
chute as full us possible and by careful draw- 
Fig742. Counter-chute Method (LawrenceColliery) iiig; this gives a‘‘prepared yield” (Sec 34) os 

high us (lO' ci. A successful ruck-bole system, 
more elaborate than the above, is used by the I.ci’igh .N'lingatioii Coal Co; for this, and for details 
of various intricate methods of le-woiking the Mamnioth seam, sec Bib (36-1). 

Rock-holes and buggy gangways are tised at one mine in the Southern field for working the 
Mammoth seam; development openings are driieii in the underlying Skidmore scam, which is 90 
to 100 ft away. Rock-holes 't-t- driven at inlcr^nls of 300 to 600 ft from the Skidmore gangways 
and connected at their top-s by buggy gangways in the Mainniotli. Brensts are ihoii turned off the 
buggy gangways, and the cool is mined nod dumped down the ruck-holcs, which in rcahly are rock 
counter-chutes. By driving buggy gangways in both directions, the haul is htilved and speed of 
development doubled. The rock-hoU's furnith conveinoiit points to which to retreat iu robbing; 
the method avoids maintenance of expensive main gangways iu the Mammoth. 

Lehigh Navigation Coal Co, Lansford, Penna. Diita from W. G. Whildin in 1914 
(364). Battery breasts and “ctit-baeks” are used for mining the Mammoth .seam. 'Where 
the pitch is 60" to 90", gangways and airways are ilriven along tlic top rock, so that the 
loading chutes can be driven back on a 30° pitch; this pi-ovides a safe working place for 
loaders, and allows lietter control in diaw'ing broken coal. In flatter seams, gangways aro 
driven on bottom-rock, and airways cither along the bottom or top rock; distance between 
gangway and monkey, 20-50 ft. The larger inlurval results in a lower maintenance cost of 
gangways. 

The method of opening a breast is shown in Fig 743, 744. Chutes 6 by 6 ft, partitioned to make 
a manway and a loading chute, i,rc driven from the gangway on a slope of 22" to the bottom rock and 
then up the pitch to the height for opening the stump heading. Here a jugular battery is put m 
and a 4 by 0-ft stump heading driven ti the next chute. This is used both for ventilation and 
ncceoB, and ie known as the ‘‘bottom-i .east crosscut." From it, a “front” manway (dog-hole) is 
driven on one side of the breast 20 up the pitch, and a “back" manway on the other side. The 
breast is started 10 ft wide by 8 ft high next to the back manway and is gradually widened to 18 ft 
at top of the dog-hole, leaving a slump pillar (Fig 743). Mining then proceeds by advancing a bat¬ 
tery breast, 18 ft wide by 16 ft high, on the bottom rock for a distance of 21 ft above the bottom- 
breast crosscut. At this point a cut-back, 10 ft wide along the pitch, ia oarried up to the top rock 







Orchard Beam, Nesquehoning Diatrirt, Peana. Data from J. fl. Miller in 1925 (609). 
Dip, 65“-70®; ooal is hard; roof fairly strong; width at surface 8 ft, increasing to 15 ft 
at first gangway. Fig 745 .shows method used by Lehigh Nav Coal Co, instead of the 
usual battery-breast and pillar method, with subseciuont robbing by one of the plans 
in Pig 750,751 hnd 752. Mining is done from a series of main chutes C (Fig 745), driven at 
an angle to the dip on a slope of Loading chutes L are first put up from the gang* 

way at 130*ft centers; air connections A are next driven and then the main chutes. Until 
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the latter hole through to surface they are ventilated by an elec fan. Main chutes, 800 ft 
long, require little upkeep compared with a chute driven up the pitch. 

Mining starts near top of a main chute; a breast B, about 50 ft long is opened, with its upper 
manway 25-:i0 ft down the chute from the eurface. While driving the breast, the auxiliary ohute X, 
and the iToascut B, are driven. Chute X is 20 ft below the lower manway of the breast and about 
25 ft long; a obeclc battery is erected in it. When the breast is completed, a skip (No 1 skip, Fig 746} 



Fig 745. Orchard Seam, Lehigh Nav Coal Co, Fennu (609) 


is taken beginning at the top of X ; crosscut B provides ventilation for this work. Successive skips 
are taken in same way. When work has pitssed the point Y, the pillars below the breast and skips 
are robbed, starting with stump S, and working downward to Y, below which the stumps are left 
Standing to maintain ventilation for .succeeding work and to protect the gangway; 7 to 8 skips are 
taken on each main chute and usually 2 skips and a stump on each airway A. 

Driving and Tobliiiie a main chute takes 11-12 months: 4 or 6 chutes are worked simultaneously. 
The method extracts 68% of the coal; gives a liigli percent of prepared sixes; coneentrates the area 
of operations for a given output as compared with pillar and breast work; eliminates objectionable 
features of pillar-breast, pillar-skip, and pillar-chute robbing (Art 107). In this property, the 
method increased output 40-90 ears per day and about halved the cost per car. As the seam is 
free from gas and the workings reach the surface, natural ventilation is used. Deeper work with 
forced ventilation would require more airways. 

Tesla, Calif (Fig 746). The seam averages? ft of clear coal; pitch, 60® (376). The system was 
devised to get coal rapidly in a part of the mine where a short-grained, slate cap rock came in over 



Fig 746. Mining Method, Tesla, Calif Fig 747. Mining Method, Tesla. Calif 

(Coal Miners’ Pocketbook) (Coal Miners' Pocketbook) 


the coal, making it difficult to keep props in place. The floor is slate, with a decided heaving tend* 
ency; roof is good sandstone; there is a small but troublesome amount of gas. Two double-co upt 
chutes are driven up the pit'‘h and connected bj' crosscuts. Small gangways are driven from chutes 
parallel to mam gangways -.i intervals of ;16 ft along the pitch. These are continued 300 ft from 
each chute if conditions wariimt. The end of pillar between the highest small gangways is then 
attacked, the coal being worked on the cleavage planes. Resulting breast consists of a 36-ft face, 
including the drift or gangway through which the coal is carried to the rhutes. A 2 or 3-ft pillar is 
left between bre.ihts to keep ro. ks from falling on breast below. W'ork.ng face in each breast, 
46-48 ft. Light iron chutes, t'. load coal lUiu cars on the .small gangways, are moved along as the 
face advances; loading is cheap, loss from breakage, small. Coal is dumped from ears into angle 
chutes, connecting with main chutes on slopes of about 46®; these keep mam chute full, so that each 
breaat can deliver coai continuously, and so reduce breakage. The breast gangways are 5 ft wide. 
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mtimbcnd. The smaU pillar left over the tope of braMta is maintained untd the faoe haa advanced 
12—16 ft> ^hen it ie out out. The roof oavea and filla the opening. Ventilation at faoea ia by 
ohutw^driven between gangways at 86-ft intervals. 

Fig 747 ahowa another ayatem in a 7-ft seam. As roof is shelly and breaks quioUyt mining most 
proceed rapidly. A gangway and airway, 40 ft apart, are connected by chutes every 30 ft, which 
are driven up the pitch at about 85*; they are connected by crosscuts 40 ft apart. This divides 
the seam into pillars, which are then worked out from top downward. Rows of cogs are built about 
W ft apart, to delay roof settlement and prevent remaining pillars from crushing; little other timber 
ia required. 

Pierce County, Wash. Data from S. H. Ash in 1925 (610). Steeply pitching Beams are 
^26 ft thick; coal often gassy; roof and floor bad, precluding wide breasts; hence mining 
is by a chute-and-pillar system. Kg 748 shows general pism on pitches to 65°; in steeper 
seams, slant chutes are driven on pitches of 45°~60°. Gangways are 200 ft apart. 



Fig 74S. Development by Cbute-and-pillar, with Ventilation Details, Pierce County, Wash (610) 

A counter gangway (monkey or airway in I’cnna (.lines) is driven 20-25 ft above the gangway. 
Chutes arc on 60-(t centers; 0 ft wide between gangway and oounler gangway, above which they 
are 8-10 ft wide. Half chutes, for traveling ways, are put up to the counter-gangway between 
alternate main chutes. Crosscuts C (Fig 748) vary from a small bole to 6 ft wide. This work 
comprises the first mining (see Art 107 for pillar robbing). Brattices are carried through the obutes; 
the inby compartment is used as a manway, the outby as a coal chute. Fig 748 siiows path of air 
currents. 


107. ROBBING PILLARS 

General. Robbing or drawing pillars consists in removing the coal left for roof support 
after first-mining has been completed. The character of roof and floor, texture of coal, 
thickness and dip of seam, presence of gas and other local conditions, all influenoe the 
method of work and the time at which it should lie dune. 

Systems of robbing. There are 2 general systems: robbing during the advance and 
robbing on the retreat. A further distinction may be made between freuminabt 
and COMPLETE or final robbing. 

Advance system. Fig 701 shows its application in a flat seam with rooms turned in 
one direction only. First-mining is followed closely by preliminary robbing, which removes 
the room pillars; stump pillars are left to support the haulageways, aiul, with the entry 
pillars, are removed on the retreat system after first-mining and preliminary robbing are 
completed to the limit of the entry and the section abandoned. Pillars must be drawn 
uniformly, keeping working faces in a straight line; this avoids throwing excessive press 
on any one pillar and secures a uniform line of break in the roof. Direction of line of re¬ 
treat depends chiefly on character of roof, which should break as robbing proceeds; 
otherwise the press on stump, entry, and remaining room pillars may crush them or 
cause a general squeeze. Advantages: (a) max production per unit area of development; 
(b) reduction of loss caused by deterioration of pillar coal on long exposure to air; (c) 
increased sdeld of Itunp coal in soft or friable scams, liecnuse pillars are removed before 
roof press can cause extensive cru.shing: (rf) improved ventilation in non-gascous mines; 
(e) room pillars are smellor, due to short life and limited area of support. Disadvantages: 
(a) gas is apt to accumulate in caved areas, which can not be ventilated, and there is always 
danger from fire; (b) where roof strata are water-boaring, breakage of the roof increases 
amount of inflow; (c) comparatively large stump and entry pillars arc necessary to prevent 
squeezes and avoid excessive cost of maintenance of entries. 
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RetrMt ayfltem k the reveree of the advance. Development entries are driven to their 
limit, rooms turned, and firstonining is completed throughout the entire area before 
robbing beginc. Robbing is begim at the inside limit of the area and retreats toward the 
main or sectional entries; robbing is complete, i e, room, stump, and entry pillars aro 
extracted in one optiration. A combination system known as ADvanos and kxtiusat is 
sometimes used when rooms are tiumed in both directions (Fig 721). Rooms are turned 
in one direction only as the development entries advance, and room-pillar robbing is 
carried on during advance. When the limit of the entry is reached, rooms are turned 
in opposite direction and work retreats toward main entries, final robbing being carried on 
during retreat. 

Examples of American practice. Details vary widely with underground and surface 
conditions and quality of labor; many cases require special methods. CoNNKnurvxuLB 
BioiON, Fenna. Fig 749 shows pillar-drawing in fiat seams. Robbing in any pillar 



Fig 749. Bobbing Pillars, Connelsville Region, Penna 


begins at face of the room and retreats toward the entry. A cut C, 8 ft wide, is driven 
through the pillar, lea\'ing an 8-ft stump next to caved area. Cut C is timl^red with 
props. Cuts are Ihcn made across the stump, as indicated by dotted linos in (a), and the 
roof is picked up by props until work reaches stage {b). Props in area e/gh are next 
drawn or shot out, forcing the roof to fall. The rest of the stump is then mined and caved, 
and the process repeated until the whole pillar is drawn back to the entry pillars, which are 
removed by similar methods (358). 'I'his plan, with modifications of detail, is in universal 
use in the U S lor drawing pillars in fiat seams. Loading may be done mechonic&lly with 



Loading chute^Back manway Gangway 

Fig 750. Robbing by Pillnr-brcast Method Fig 751. Robbing by Pillar-skipping Method 
(009) (009) 


scrapers (Sec 27). ANTnp\ciTE mines, Penna. Methods are unsystematic and often left 
to the miners. In flat o slightly pitching seams, pillars are usually robbed by taking 
slices (“skips”) off the ribs, the roof being temporarily supported by props. In steep¬ 
pitching seams one of the following methods is used, with variations to suit local condi¬ 
tions: (A) Pillar-breast (Fig 750\ A battery is placed at one comer of the pillar; man¬ 
ways on each ride of pillar are connected nt intervals, as at A/?; pillar is then mined as a 
breast. This method, though practically abandoned, is used to some extent in modified 
form by leai-ing wider pillars on first-miniag. Then a full-width breast is driven in middle 
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of the pillar, and the remaioing narrow riba are drilled full of holes and blaated in one 
operation (6t)Q). (B) Pillar-akipping (Fig 751). Middle breaat of a group of 3 is not 
driven through; it is drawn empty: the 2 adjacent breasts are left full of liroken coal. 
A skip B is taken off the inride of each piUar, much of the coal being blasted into the central 
empty breast. Small pillars P are left between skip manways and full breasts; they are 
drilled and blasted after the skips are completed (609). (C) Pillar-chute method (Fig 

752) is most used, either of necessity or because of its safety. The pillar is first split by a 
ohute P, 4-6 ft wide, driven from the gangway. Robbing begins at the top and is carried 



Fig 762. Robbing Pillars, Thick Fig 753. Pillar Drawing in Chute-and-pillar System, 

Steeply Pitching Seams Pierce County, Wash (610) 


on by inclined skips (o), or by driving heading fl and then blasting out the small pillars 
L with long shots (6), or by running skips up the pitch from a heading (c). Only experi¬ 
enced miners should bo employed for robbing; danger increases with steepness of pitch 
and thickness of seam. Liberal use of props is essential to support “flakes” of roof-rook, 
and give warning of impending falls. No props are drawn; they crush down as the roof 
comes in, and aid in keeping rocks from rolling onto the working face. Piebcs Countt, 
Wash. Data from S. H. Ash in 1925 (010). First-mining by chute-and-pillar system 
is shown in Fig 748. Three adjacent pillars formed by 4 ehutes and 2 gangways arc usually 




drawn in one operation (Fig 753), in which 
robbing is starting at the upper inby comer 
of pillar No 33; work is finished in pillar 
30 and is in intermediate stages in pillars 
81, 32. Sequence of operations: crosscuts in 
the pillars to be robbed are well timbered. 



fig 754. Robbing Pillars, Northumber* 
land 


Fig 755. rRobbing Pillars, West 
Durham 


A cog (1 in pillar 30) is built under the upper gangway as close as possible to the inby 
rib of the chute. A corner pillar 30 is then worked off until space is gained to build another 
cog 4 or 6 ft from the first. A temporary battery of props above this cog protects men 
from injury by falls from above and provides a traveling way on the gangway. Work 
proceeds by “taking oft the angles,” until half the top block of pillar 33 is mined; remainder 
of block ie the “taU.” Ths upper inby corner of 3rd block in pillar 33 is next robbed in 
gome way, and the tail of 4th block is then drawn. Broken coal from the tails is run 
out through spouts between the cogs below (see 3rd block of pillar 32), after which a 
permanent battery is built above the cogs. Pillars are drawn back to let block, as 
'n pillar 30, and a permanent cog stopping placed in the ohute neck. Roof breaks above 
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the cog lines and broken material is held on the pitch by the cogs. Wi^ a good roof 
90% of the coal is often recovered. 

Foreign practice. H. F. Bulmen and B. A. 8. Bedmsyae give the following examples in England 
(365), SsATon Bubn conuxar, Northumberland. Fig 754 shows robbing in a flat seam, aver¬ 
aging 4 ft thick, at a depth of 360 ft; pillars are 30 yd long, 16 yd wide. A “way” A (skip) Is driven 
6 yd wide the length of the pillar. A small pillar F 2 yd square (a “stook”) is left to support the 
haulageway; a track is run along the srdid rib and cogs are built on the open or caved side 3 ft aptut. 
When the “way" has been driven the length of the pillar, a “lift" B, 6 yd wide, is driven across the 
pillar. Five lifts complete the robbing of the pillar. This seam yields more lump coal when 
worked end*on. MAEiacr H 11 . 1 . couixav. West Durham. Fig 755 shows method used in a flat 





Fig 756. Bobbing Pillars, Durham 



Fig 7.57. Bobbing Pillars, Pillnr-and-stall Method, 
Wales (611) 


seam, which averages 5 ft thick and contains a 4-in and a 1.5-in parting in the middle. Depth of 
seam, 432 ft. Pihurs are 5U by 20 yd. The pillar is first split on its short dimension by a “sliding- 
over” or "half-pillar wall” CD. From this and from the haulageways 5-yd lifts are turned and 
the work completed as at Seaton Burn colliery. Mi.kton coluery, Durham. Fig 756 shows the 
method in a 46-in flat scam, at depth of 1 470 ft. Lifts 6 yd wide are driven at right.«ngle8 to and 
toward each other, in sequence shown. This retains the square shape of pillar, considered best for 
withstanding heavy press, throughout the entire operation. 

G. S. Rice in 1021 gave following examples of foreign piactice (611). Pillar and double stall 
(Fig 767) was formerly used in Scotland, and in 1911 in a Wclsli anthracite bed 7-8.5 ft tliick. 
Stalls are 42-48 ft wide, with 2 entrances and tracks along each nb; area between tracks is gobbed; 
pillars, 30-42 ft wide. When a stall reaches next entry, it is widened on either side and the adjacent 
pillar robbed retreating by taking cross slices 10-18 ft wide (Fig 757). Sometimea a thin pillar is 


- 7r 



Fig 768. Square-chamber Method, Fig 750. Bobbing Pillars, Bord-and-pillar 

South Staffordshire Method (611) 


left between stalls; if so, this pillar is not recovered. A recovery of 90% is claimed; the method is 
being supplanted by longwall iA.tt 108). Souarx-chahbxr uxthod. South Staffordshire. Fig 758 
shows its use in a nearly flat seam, 24-30 ft thick. Chambers, separated by thick pillars, are 46 yd 
wide and 200 ft long: they are opened off the level with 2 narrow gate roads eonneoted by a "lane" 
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10 yd wide. SteUs. 10 yd wide, are drivea 8 yd spti^ from the lane; eroas lanes, 10 yd wide, oonneet 
stalls every :8 yd, leaving 4-0 pillars, 8 yd square, in a ehamber. This work is done in the bottom 
bench, 7^8 ft ^ek. After the chamber is formed, the top coal is taken down in sections, by cutting 
vert grooves in it 6 ft apart, separated by ‘'spurns,*’ or narrow webe, which are reduced by pick and 
finally knocked out with a "picker” (like a boathook). The mass falls as a sdtole, and is loaded 
out. On reaching the roof, the intwnal pillars are sliced as much as possible before tiie roof falls. 
Some coal is necessarily buried. Pillare between chambers are mined after the ground has settled. 
This method requires skilled work. Boan-AMi>.Fxu.A^B or eToop-ANn-BOou (Fig 759) is the most 
important Buropean piUar system. It is considered especially applicable where: (a) coal bed is 
horis or not dipping over 1 in 3; (b) bed 
is 4-10 ft thick; (c) roof is strong, not 
flexible or bending; (d) bed free from 
thick partings. LoNawAnn has sup¬ 
planted it where: (a) roof is weak or 
flexible; (b) bed is under 4 ft thick; 

(e) seam is thick, but has a soft un¬ 
derlying clay; (tf) bed bos thick part¬ 
ings suitable for packwalls. In typical 
bord-and-pillar, narrow openings are 
driven at right-angles to each otho-, 
farming rectangular pillars which are 
extracted when workings reach the 
boundary; it is essentially longwall 
retreating (Art 108). In a typical 
application, Eppleton Colliery, Durham, 

England, there are 3 horis seams, 3.7— 

7.3 ft thick, at depths of 1 008-1 170 ft. 

Pillars are 33 by 44 yd to 66 yd square. 

"Headways” or walls (driven on the 
butts) are 3 yd wide; bords at right- 
angles, 5 yd wide. In forming the 
pillars only 10-17% of the coal is ex¬ 
tracted. Generally, on reaching the 
boundaries, pillar-robbing reti oats along 
a stepped diagonal lino (Fig 7.50). Pillars 
to be drawn are split by a headway and 
a narrow bord into 4 small pillars, which 
are either split again or successively 
sliced off on the goaf .side; or, where tiie 
roof breaks short, sides of the headings 
are sliced, working tow'srd Ihe goaf. 

Small corner stump.s, left for protection under a poor roof, are sometimes lost. Most timber used in 
mining pillars is recovered. Total rcoovery of coal, 95%. Objections to method; large amount 
of costly, narrow first work, which produces much small coal. For further detail, see Bib (611). 

108. LONGWALL METHODS 

ITio fundamental principle is tbo complete removal of the entire seam in one operation, 
by carrying a continuous working face (hence thn name longwall), leaving no pillars 
and allowing the roof to cave behind the face. 

General plan of work in a fiat seam is showm by Fig 700 (306). A largo pillar maintains 
the hoisting and air shafts; successive positions of the face, as advanced outward from the 
shaft pillar, are indicated by dotted lines. As face or breast is advanced, the roof between 
it and the shaft pillar caves. Packw'alls on each side of the numerous haulageways must 
be maintained through the caved area (oob or ooaf) fo reach and ventilate the working 

face. Weight of roof often causes the 
packwalls to settle; headroom is main¬ 
tained by breaking down (brushing) the 
roof over haulageways; the waste thus 
produced, with that from mining, is 
utilized in packwalls, the excess being 
thrown l>ack into the gob. Haulage roads 
are known as main and bbanch or cross 
ROADS, haulageways or entries (Fig 760). 
From branch roads, short openings called 
STALL ROADS Or ROOMS are kept open at 
intervals; they are approx perpendicular 
to the face. .\s the face advances, new branch and stall roads are started and old ones 
abandoned; this keeps the stall roads short and saves maintenance. Haulage tracks may 
be turned from the stall roads and run along the face, so that coal may be shoveled 



Fig 761. Longwall Retreating 



Fig 760. Longwall Advancing (after Swift) 
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directly into cars; various forms of conveyer and scraper (Sec 27) may also be used for 
transporting coal along the face (369). 

This plan of work is known as u>nqwau. adtancino or lonowall wobkino outwabd. 
Fig 7G1 shows another form called IjOnqwalii betbsatinq, in which the seam is first devei* 
oped by a series of haulage and airways, which are driven to the property lines before 
any mining is done. The ends of these openings are then joined, forming a long face 
which is worked back toward the shaft; the roads and airways are in solid coal and the 
mined-ont area is allowed to cave a short distance back from the face. 

Advancing vs retreating systems. Capital outlay. Longwail advancing requires 
amallor outlay for development than any other coal mining method. Narrow work in 
driving haulage and airways is eliminated, with the exception of the development openings 
in shaft pillars, etc. The mine begins to produce coal in a relatively short time. Long- 
wall retreating requires a larger initial outlay with no immediate return. Extensive devel¬ 
opment openings must be maintained during life of the mine; capital requirements are 
in direct proportion to area of the property. In advancing systems, maimtbnancb of 
haulage and airways is an increasing deadwork charge; these openings pass through 
caved ground and the packwalls supporting them often give trouble from settlement. 
Longwail retreating entirely avoids cost of building and maintaining packwalls; all 
haulage and airways are in solid ground. Ventilation is more efficient in retreating 
than in the advancing system. Caved or gobbed areas are difficult to ventilate. Gas 
if present may accumulate in the gob, and cause explosions and gob fires seriously affecting 
the active workings. Retreating systems eliminate the necessity for ventilating the gob. 
Nevertheless, longwail retreating is rarely used, chiefly because of the largo investment 
required; what follows refers to longwail advancing. 

Longwail vs room-and-pillar methods. Apvaktaoks of longwail, aside from those 
connected with investment and quick return: (o) smaller powder consumption and greater 
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advanced regulaiiy and rapidly, which is difficult with very long faces; (h) stall roads 
spaced too dosely involve excessive first and maintenance costs; (e) seams too thin for 
cars to run along the face require close spacing of stall roads; (d) the number of stall 
roads depends somewhat on the output r^uired; only 2 oars at a tinm can be run into a 
section of working face between 2 roads, i e, one from each end; (e) n&ber of men work¬ 
ing at one section determines its length and hence the distance between stall roads. 

Modifications of longwall for inclined seams are chiefly to secure a working face and 
haulage roads, directions of which allow convenient handling of coal. On bipb to 5^ the 
stall roads ore run to the rise, the working face being parallel to the strike and therefore 
horiz. On dips of 5° to 12** on 15° the roads may lie at an angle to the dip, thus keeping 
grades within the limit of hand tramming. Pitches to 30° are sometimes worked to the 
dip instead of to the rise; cars run down the stall roads by gravity, pulling a hoisting rope 
after them. The limit for such work is about 30°, where packwails begin to slide. On 
STBSP DIPS, filled flatback (longwall) or stepped-face stopes may be used (Art 60) ; stall- 
roads then become chutes or mill-holes. Hee also Miller mine near end of this Art. See 
Bib (355, 363, 367, 370) for details and variations of foreign longwall priustice. 

Practice in Illinois. Data from O. Andros in 1914 (366). This is one of the few 
American regions where longwall has been successful. Table 92 shows size and char¬ 
acteristics of the seams and dimensions of workings in 11 mines. 


Table 92. Data on Illinois Longwall Mines 


Mine 

No 

Depth 

of 

shaft, 

ft 

i 

Thick¬ 
ness of 
bed, in 

Size of 

shaft pillar, ft 

! 

Distance 
between 
cross en¬ 
tries, ft 

Angle betw 
cross and 
iniuii entry 
angle 

betw room* 
and cross 
entry, deg 

Distance 
between 
room cen¬ 
ters at 
face, ft 

Width of 
roadways, ft 

Width «l 
packwall 
on road¬ 
sides, ft 

Main 

and 

cross 

Room 

1 

413 

39 

400X600 

225 

« 

42 

9 

8 

12 

2 

46S 

44 

250X250 

225 

45 

42 

9 

9 

9 

3 

398 

42 

550X550 

240 

45 

42 

9 

9 

9 

4 

546 

40 

0>) 

200 

70 

42 

10 

10 

12 

5 

135 

36 

360X560 

275 

45 

42 

7 

7 

12 

6 

100 

36 

150X300 

225 

45 

42 

7 

7 

9 

7 

200 

37 

350X450 

• • • « 

45 

42 

8 

8 

9 

8 

300 

40 


225 

45 

42 

9 

8 

12 

9 

(n) 

42 


320 

30 

40 

8 

5 

9 

10 

480 

42 

500X500 

1 225 

45 

42 

9 

7.5 

12 

II 

530 

34 

600X3600 (e) 

225 

45 

49 

8 

8 

12 


la) Slope, (t) No pillar, (c) Protects 3 hoisting shafts. * Stall roads. 


A'otr.—Immediate roof is shale, except for small areas of mine No 5, where roof is sandstone. 
Floor is fireclay, hard, sandy or soft. Mine No 1 has sandstone floor grading into fireclay; in mine 
No 3 a hard sandy shale underlies coal in places. Coal in all mines contains lenses or bands of day, 
pyrite, or sulphur balls, 2 to 21 in thick. 

All of the mines are worked by longwall advancing and with one exception have vert 
shafts. The greatest difficulty in starting operations is to form the shaft pillar and estab¬ 
lish the working face. Usually in this district, after the hoisting shaft and air sliaft have 
reached coal, a main entry is driven about 225 ft from each side of the hoisting shaft. 
From the air shaft 2 entries are driven in opixisito dirouigms at right-angles to the main 
entry, to the edges of the proposed shaft pillar. The latter is usually blocked out by 
driving around it a 9-ft entry E (l'’ig 764), called the “ entry-around-pillar ” (P'ig 760). 
Large pillars are desirable, to protect the shaft and provide a long working face. Another 
9-ft entry is then driven around the shaft pillar, parallel to J?,*leaving a 15-ft pillar between 
the two; breakthroughs between the entries are abouL 42 ft apart. Fig 765 shows an 
alternative method, used where the coal in the shaft pillar spalls off; the pillar face is 
protected by a 15-ft packwall; the 15-ft space between the 2 entries of Fig 764 is also 
packed witli gob. Sometimes an entry 27 ft wide is driven around the pillar and 2 pack- 
walls are built as the entry advances. One packwall 12 ft wide is built alongside the shaft 
pillar, and one 6 ft wide on the future longwall face, leaving a haulage road 9 ft wide be¬ 
tween the two walls and the necessary openings through them for haulage. 

The subsidence following the first break of the roof, as the workings extend outward 
from the shaft pillar, is very violent and will destroy the entry-around-pillar unless the 
latter is well protect^. Seven to 10 months arc required for driving entries through the 
shaft pillar and blocking it out after the hoisting and air shafts reach the coal. Actual 
mining is rarely begun until the entries-around-pillar are connected and direct ventilation 
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established. In some oldw mines, no pillar was left to support the roof around the shaft; 
the coal was extracted, allowing the roof to settle gradually till it rested on the floor, hk 
such case, the shaft timbers are supported on soft-wood 12 fay 12-in posts, and the oool is 
removed from all sides of tiie shaft. The space thus left is filled with soft-wood cogs 
(shan t i e s), and with^^ks of brushing and mining rook. Through the gob a 7*ft roadiray 



is opened from each side and end of the shaft. As the roof settles the packs are oom« 
pressed and squeezed into the fireclay bottom till roof and floor meet. The shaft bottom 
is then widen^ and timbered. Advantages claimed: the expense of timbering the shaft 
bottom is reduced, and the roof weight begins sooner to ride on the working face. Opera¬ 
tors using shaft pillars state that these advantages are offset by the uncertainty of being 



Fig LongwaU Mine 


able to control subsidence sufficiently to prevent the shaft from being thrown out of plumb. 
Fig 760 and Table 92 show the usual arrangement of entries and stall reads. For an 
alternative arrangement used iu 1 mine see Fig 766. In pitching seams of La Salle anti¬ 
dine (dips to 50"), working faces are kept parallel to the dip and coal is handled to an entry 
bdow in light sheet-iron chutes. 
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Fig 707 gliowi g flat working face. The “ plaoee ” are 42 ft long; their limits are marked by 
** maroh props,“ aa shown. Due to scarcity of labor, about 50% of the " plaoes ” are worked by 1 
miner; the rest by 2 mkiera. The orew on a “ place " is responsible for building paekwalla and for 
gobbing as well as for mining. ^Wbere possible, an undercut 8-12 in high and J-2.5 ft deep is made 
by picking in the fireclay floor. ~Sprags are 6-8 ft apart; props Ui'eset 2-5 ft from the face and 6-8 ft 
apart. With an aver depth of undermining, a good miner can undercut about 20 ft of face a day 
when working in soft day 8-12 in thick. For loading a oar, that portion of the coal is taken which 
has been standing longest on sprags. These are knocked out, and if the gob has been properly 
filled, BO that the roof weight rides on the face, the coal breaks from the roof and is ready for loading; 
otherwise, the coal is wedged down. Under fairly 
good conations about 80% of the coal exceeds 


1.25-in sise. 

If the floor is sandstone, or if the fireclay is 
much over 18 in thick, undercutting is done in 
the coal itself; this produces much slack and 
increases the number of gob fires, because more 
fine coal goes into the gob with the waste. To 
save time and labor the miner often neglects to 
support the cool on sprags until the usual 2 ft of 
undermining is completed; instead, he makes a 



Fig 767. A Longwall Face (Plan) 


.«ut 4-8 in deep and pries down the coal. This 

does not utilise the slow breaking power of the roof; more accidents occur, and more slack and 
smaller coal result than when full undermining is insisted upon. For blasting, black powder ie 
used where necessary. Practically all undercutting is done by hand. 

The rock obtained from brusliing the roof, that remaining after building the paokwalls, and the 
olay obtained from undermining the coal, are piled in the gob area between the paokwalls lining 
the roads, to help support the roof and control its pressure on the face. After the first break at the 
shaft pillar and face, if the gob area has been properly filled, so that the roof weight " rides " on the 
«oal, subsequent rod breaks occur every 2 to 6 ft; they parallel the face and extend upward and 
backward from it at angles of 50® or more; cracks are more nearly vert on faces which are worked 
slowly. The distance between breaks depends chiefly upon the character of roof and the packing 
of the gob; with proper packing it should correspond to ^6 width of coal brought down. The 

distance to which breaks extend 
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Fig 7C8. Longwall Mining, Mil’cr Mine, Wash (610). 


into the roof rarely exceeds 15 ft. 
Squeesea which fill a working 
place with roof material occur 
when a room is driven ahead 
of adjacent rooms, or more 
commonly when paekwalla are 
defective and the gob area is 
not sufficiently filled. There 
should bo enough filling for the 
roof to come down gradually 
without breaking off short at the 
face of paokwalls, but not so 
much that insufficient weight is 
thrown on the face of coal. The 
better the gob is packed, the bet¬ 
ter the coal “works." When part 
of the working face squeexes, the 
face is usually diverted to pass 
around the squeesed area, some¬ 
times leaving a small block of 
coal in the gob. 

The necessity for artificial 
, humidification to prevent coal- 
dust explosions has not been 
apparent in these mines. Since 
all the coal is removed from the 


seam as the face advances and the excavation is filled with waste rook, the only sources of dust are 
the working face and the spillingr from cars. Dust from the face is covered with shale and clay 
within a few days after it is made and does not accumulate. As the aver temp of the air in these 
mines is highei than in room-and-pillar mines, the relative humidity is decreased and moisture is 
absorbed from the dust of ribs and roads. In a few mines, the haulage ways are sprinkled at 
intervals of 1 week to 3 months (Sec 23). 


Miller mine. Wash. Data from S. H. Ash in 1925. A modified longwall method 
was substituted for breast-and-piliar and chute-and-pillar systems (see Pierce County, 
Wash, Art 106, 107) in a «;am 4-4.5 ft thick; aver dip 38“, which is considered slightly fiat 
for best results. Fig 768 (diagrammatic) shows general plan of work. The coal is worked 
in 6-ft "skips," about 18 ft apart.. On one face, 500 ft long, 30 miners produced 250 short 
tons per 8 hr. Coal is loaded to a sheet-iron chute, never more than 24 ft from the face; 
a wing, kept under each miner, protects man below from falling objects and guides coal 
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tothecihute. Fig 769 thcwa timbering; propa ure on 4.5-ft centers along the jutoh. Bib 
(610) gives more detail. 

Anthracite district. Pa. Use of longwall has increased with devdopment of mechanical 
loading (Sec 27) and need for mining thin seams. H. D. Kynor, in 1921, describes method 

for flat or slightly pitching seams. Fig 770 
(612). Gangways are 200 ft apart. A chamber 
is driven from lower to upper gangway; a line 
of "break props" is set; lines of timber cogs 
are built parallel to face and 10-16 ft apart; 
cogs in a line are 6- 8 ft apart. In seams under 
30 in thick, rock-packed roads 10 ft wide are 
made parallel to gangways and 60 ft apart; 

Fig 760. Face Timbering, Miller Mine 2-3 ft of top rock broken down supplies rock 

for 12-ft walls on each side of road. In 
seams over 3 ft thick, timber cogs support the roof. Fig 770 indicates ease of applying 
scraper loading. 
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fig 771. " V" Syatoui, Nivton Mine, West Va Coal & Coke Co (608) 


It Y t» gygtem, Norton mine. West Va. Data from G. B. Southward in 1924 (608), 
Modified longwall is used under roof conditions prohibiting regular longwall. It is applied 
in Lower Kittanning seam; aver thickness, 6 ft; roof is slate and shale 20-30 It thicli^ 
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ovorUun tty a sandstons bed 40 ft or more thick; total cover, 26-250 ft. Seam is worked 
Jn panels 300 ft wide (Fig 771); face is a series of V's, with sides 85 ft long and points 
80 ft apart; an^e of Y, 45°. Roof over each V is considered as a beam supported by the 
coal; hence character of roof determines max length of spim, and depth of cover deter¬ 
mines amount of coal necessary for support, which in turn Axes the angle of the V. Panel 
development comprises lateral entries 200 ft apart, with cross entries 80 ft c-c. Slab cuts 
-are made on the faces; machine cuts ore taken to keep the V-angles constant and the 
points in line. Advance cross entries are driven at same speed as faces retreat; hence, 
when face reachra a lateral entry, cross entries have reached tlte next lateral, throui^ which 
coal goes to haulageway. Only a small amount of advance work is required in this 
■combination of longwall advancing and retreating. 

dloal is loaded by hand to elec-driven, steel-pan, belt conveyers, which parallel the 
faces (see heavy dotted lines in Fig 771); similar conveyers take coal without rehandling 
throu^ cross and lateral entries into cars in the haulageway. Props, set behind the face 
conveyers after each cut, and in the area between faces, support the slate; at intervals, 
timbers are removed near caved area and the roof falls. Aver production from 8 faces, 
besides coal from development, is al out 750 tons per day of 2 8-hr shifts, by an aver of 
■60 men between facra and tipple. The method gives a 600-ft working face in a 300-ft 
panel; it simpUfieB supervision, drainage and ventilation; accidents few and output per 
man Ugh (608). 

109. BREAKING GROUND IN COAL MINES 

General. Breaking ground (Art 26) is, in coal mines, sometimes called cxtttino goal. 
Principles are the same as those of breaking ore or rock, except that coal is relatively soft 
and brittle, and, as a lump product is generally desired, the explosives are of low power 
and number of holes in a given face a minimum. No dehnite rules can be laid down as to 
location of drill holes and charge of explosive, for the following reasons: widely vabtino 
LOCAL CONDITIONS occur in different scams, or successive cuts in the same seam. Slate 
partings, “ blowing benches.” pinches or faults, rolls, slips, cleat, and character of the coal 
Itself, demand experience for properly locating and charging holes. Contract work is 
usual, miners being paid by the car of coal or yard driven; they purchase their tools, 
explosives, fuse and caps, and pay their laborers. Since a misplaced or improperly charged 
hole will reduce his earnings, both by increasing his supply account and decreasing output, 
the miner is prompted to take advantage of every possible condition which will break most 
coal with least effort and explosive. 

For example, miners applying for work in the Southern Anthracite Field of Penna often state 
that they are Mammoth, Buck Mountain, or T/ykens miners, os the case may be. Observing their 
work, it is apparent that they have studied their particular seam and in locating a drill hole are 
quick to recognise advantages or disadvantages which no rules can cover. Men must work for 
some time as helpers and pass a state examination before becoming miners and allowed to “cut 
coal." 

Drilling. Tho miner plans liis w'ork to suit the conditions and keep his laliororg busy. 
Drilling is done chiefly with hand or power augers, mounted on bars or posts. The various 
small and light jackhammer drills (Sec 15) have been successful, in driving gangways, 
especially in the Southern Anthracite Field, where work in thin seams requires the break¬ 
ing of considerable top or bottom rock. To facilitate blasting and obtain a max lump 
product, coal cutters (Sec 16) are widely used in bituminous mining and to some extent in 
the Northern Anthracite Field. Chain machines are limited to pitches less than 20° to 
25°; those of the “ post-puncher ” type are successful in the semi-bituminous coals of 
Washington on pitches up to 38° (,371, 612). • 

Explosives used are black powder, low-power Ngl or ammonia dynamites, and, in 
gaseous or dusty mines, the permissible explosives (Sec 4). The rending effect required to 
produce a large proportion of lump coal is secured by black powder or 15% to 20% dyna¬ 
mite; practice tends toward the latter. For modes of charging and Bring, see Sec 4. 

Examptes of practice. Socthkbn antbbacits fibld, Penna W. L. Cross, Jr, furnishes 
following data on driving gfuigways, monkeys, chute«, headings, and breasts, in Skidmore and 
Buck Mountain, soama at Buck Run Colliery. Fig 772, 773 show methods of driving gangways. 
Holes in coal are drilled and fired first, the broken coal is removed and the face dressed. Then the 
rock holes are fired, bottom rook being lifted in each case. Aver advance per round, 5 ft, with an 
Rver consumption of 25 lb of 35% dynamite. Fig 774 shows driving a monkey in firm and hard coal, 
drilling with hand augers. When near the chute an advance of 1 cut or 5 ft is made in 8 hr. As 
distance from ehute increasee, advance is slower, because the coal must be reshoveled. Fig 775 



Table 93. Data on Breaking Ground in Anthracite and Bituminous Coal Mines 

Summarized from data by T. Marvin, published in Explosivet Engineer, Oct-Dec, 1926 (613) 
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thowB drivinc * ohut« entirely in coal on a pitch of 40”-50°. Slightly more than 1 out of 5 ft per 
■but ia made; aver powder conaumption per SO-ft ehute, 60 lb. In driving a heading in Buek 
Mountain seam (Fig 770), the miner in one breaat atarts a blind heading through the pillar, a bead* 
ing from the next breast b«ng driven to meet it. Hole No 1 is charged with 4 aticke of dynamite, 
and the broken coal removed; then hole No 2 is drilled, charged with 3 sticks, and fired; the raeult* 
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Fig 772 Driving Gangway, Skidmore Scam 


ing cut should be fairly Mfjunre A second eiit is made by holes 3 and 4; then hole 5 ia drilled and 
fired. If aecond cut breaks llirougii to the bliinl lieadjng, a second hole wtil be unneceesnry, as the 
rib can be squared up with a pick The blind headiiiK is similnrly duven, cxe,cpt. that usually there 
are only 2 cuts. In Hurk Mountain seam, breasts are driven as in Fig 777. All holes are drilled in 
bottom bench in the so-called " mining si*:im,'’ vi*, the portion most easily drilled and giving the beat 
results on blasting, 2 cut and 2 rib holes making an aver round. (‘ut tides are r,harged with 6 sticks. 
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rib with 3 etioks, of 20% dynamite. If necessary to break the “ middle stone,” a 3-ft plug 
hole is charged with 1.5 -ticks of 2i)% dynamite. Aver advance, one 5-ft cut per shut. luiNoia 
iiBTHOM in bituminous coal (T*»Dle 94). In fmt seams, the face is undercut before blasting. This 
reduces power consumption, minimises danger from blow-outs and increases yield of lump coal. 
Fig 778, 779. 780, showing holes in faces undercut by hand or machine, are fairly typical of American 
practice. Table 93 summarizes data published by T, Marvin in 1926 (613). 
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Table 94. Data on Blasting in Illinois Room-and-pillar Mines (361) 


Mine 

No 

Type of 
under¬ 
cutting 
machine 

Depth 
of out, 
ft 

Tons 
per ma¬ 
chine, 
per shift 

Hdght 
of snub¬ 
bing, in 

Holes 

Black powder 

Method 

of 

filing 

Peroent 
of coal 
over 
1.25 is 

No 

per 

round 

Length, 

ft 

D|ani, 

in 

Size of 
grain 

Lb per 
ton of 
coal 

1 

Ch 

7 

140 

30 

3 

7 

2 

F 

HI 

Sq 

(a) 

2 

Ch 

7 

195 


3 

6 

2 25 

c 

El m 


72 

3 

Ch 

6 

120 

4 

3 

6 

2 

c& F 

Ban 

8q 

71 

4 

Ch 

6 

100 

4 

3 

5 

2 

C 

0.25 

Sq 

70 

5 

N 



OS 

4 

6 

2 75 

c 

1 25 

Fu 

65 

6 

N 



OS 


7 

2 

c 

1.47 

Fu 

60 

7 

N 



OS 


6.5 

2.5 

p’ 

0 78 

Fu 

60 

8 

N 



OS 

7 

8 

2.5 

c&cc 

1.00 

Fu 

86 

9 

P 

5.5 

80 

12 

4 

5 

2 

F 

0 16 

Sq 

73 

10 

P 

5 5 

70 

18 

4 

5 

1.5 

F 

0 21 

Fu 

72 

II 

P 

5 5 

70 

20 

3 

4.5 

1.75 

FF 

0.31 

Sq 

70 

12 

P 

5 


20 

3 

4 5 

2 25 

F 

0.73 

Fu 

70 

13 

N 



OH 


8 

1.5 

C 

1.25 

Fu 

50 

14 

N 


(« 

OS 


7 

2.5 

C 

1.00 

Fu 

40 

IS 

N 



OS 


7 

2 

F 

1.56 


71 

16 

N 



OS 


7 

2.5 

CC 

1 39 


70 

17 


5.5 

65 

24 

4 

5 

2 

C 

0 23 

Sq 

70 

18 


5 5 

70 

20 


5 

1.5 

FF 

0 22 



19 


6 

130 

20 

2 

4 5 

1.5 

F 

0 50 


mSm 

20 


7 

127 



6 

1.5 

C 

0 19 

. 

HI 


Ch • Chain machine. N . > None. P Puncher. Sq Squibe. Fu i Fuse. OS •* Shoi 
off solid, (a) 79% over 3/4 in. (b) Aver daily output per miner, 7 tuns. 


110. FLUSHING 

Flnshing (“slushing” or “silting”) corresponds to sand-filling in metalmines (Art 92). 
It was probably used first in 1884 in Penna for extinguishing a mine fire. It has been 
extensively developed in the U S and abroad, not only to check and isolate fires, but also 
to regulate subsidence (Art 114), and to dispose of cubn banks; its use lessens stream 
pollution near anthracite breakers. Following notos are largely from Bull No 60, U S Bur 
of Mines, by C. Enzian in 1913; see also Bib (372, 373). 

Materials for flushing. Culm (Sec 34) is excellent; easily drained and when well 
packed resists heavy press. Compact culm will often stand in a vert face without timber, 
and ran be driven through without spiling. Having low abrasive qualities, culm is readily 
conveyed by water in pipes and launders. Its use for flushing is decreasing with the 
widening sale for finer sizes of coal. Ashes, sometime.s available at steam-operated mines, 
wear pipes more than culm, but resemble the latter in other respects. A drawback to 
their use in anthracite mines is that they mix with coal mined next to flushed areas and 
can not be separated from the finer sizes in the breaker. Breakeb befusb (rock, slate, 
and bone) has good supporting qualities. It requires crushing to less than 1.5 in and is 
harder to transport in water than ashes or culm, but rarely chokes the pipes. Sand and 
QBAVBL are efl^c, but very abrasiv'e; they have thus far proved too costly in the U S. 
Gbanvlated 8La<} is used abroad in mines near blast furnaces. It is an ideal filling 
material, having natural cementing qualities and being strongly resistant to pressure. 

Modes of handling filling material on the surface, between the surface and the mine, 
and underground, resemble those described in Art 92. 

Few data ore available on the lateral distance to which filling may be transported in pipes under 
a given head. Silesian practice allows 300 ft horiz for each 100 ft of available head; the distance is 
affected by size of pipe and thickness of pulp. Water in pulps varies from 40% to 90% of iotal 
vol, depending on grade an j size of pipe (or launder), effective head and kind of filling. TaocQHa 
(launders) (Fig 660} are used where possible; they are often lined with cement, terracotta, or sheet 
iron. Pipes are required to carry pulp under press. Wood-stave pipe resists acid and abrasion, 
and, due to its lightness and convenient length of sections, is easily installed; but it is unsuited to 
high press, and dries out and coUnpses when not regularly in use; it wears unevenly and spring) out 
of line; its life is short. Steel ob W-I pipv.is readily attacked by add water, and is more quickly 
abraded than wood: it is heavier and harder tu place than wood-etave inpe and generally coets more. 
Abroad, wood-lined steel pipe has been used. C-T pipe is heavy and hard to handle underground, 
but resists abrasion and add water: its life ia about 3 times that of W I and 5 times that of sted. 
Bell and spigot joints permit deflections. Location of mine with respect to a foundry determinee 



































FLUSHING 


10-617 


whether this pipe Is dieaper thaji othen. Tebsacotta. rpb reeiats edd snd stands wear ontil the 
class wears offt after which abrasion is rapid. It is unsuited to high press and because of its brittle* 
ness must be ladled carefully and protected from roof falls. Its cost is comparatively low, but 
its life is short. GiiASS-unbo rpe has been satisfactory in Europe, in an effort to reduce wear at 
bends and elbows; its high cost practically prohibits its use in the U S. Pobceuain-unbo pipe is 
highly effio for smail-eise filling material, as it has exceptional wearing eiualities, resists acid and has 
low frictional resutance; it is widely used in Europe, but is too costly in U S. In Penna, wood<etava 
pipes are probably most used for low heads, C-I or steel pipes for higher heads; much flushing is done 
through unlined bore holes and troughs; the latter are preferable to pipes. 



FRONT ELEV 


^7 U* 


FRONT tUEV 



SIDE ELEV X*y 




Fig 781. Bulkhead for Dips under 10° 


hlg 782. Bulkheads for Dips of 10° to 26° 


Bulkheads (barricades, Art 92). Their design (Fig 781-784) varies with dip of seam. 
They are placed a short distance B (Fig 781), the haunch distance, above the lower end of 
the working to be flushed. Table 95 gives empirical formulas. 

Fig 781 shows construction for flat -workings; leakage at the bottom is prevented by 
manure or dirt packing. Props are lagged with 1 layer of 1.5-in plank, or 2 layers of l-in. 



Bulkheads are made stronger on steeper pitches, and their drainage is carefully provided 
for, to avoid subjecting them to the full hydro-static head of overlying water and culm. 
They are drained by troughs and screens (Fig 781, 782); or by filters of hay, straw, burlap, 
and diy-walling. A trough returns the water for reuse if nece-ssary more quickly than the 
other derices. Fig 784 shows an arched concrete bulkhead; good for heavy press and 
where timber is costly. 
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COAL MINING METHODS 


Talil* 96. Size aad Spadag of Props in Barricades 



D diam of 
prop, in 

S » spacing oL 
props c to c, ft 

B ■■ banneh 
distance, ft 

Fiat workings, 0* to 10*. 

D - L 

S - W-f- H 

W-i- 2 

Chute workings, 10* to 25*. 

D - 3L-f- 2 

S - 2 W -»■ 3H 

W 2 

Pitch workings, over 25“. 

D - 7L-J- 4 

S - 4W-^ 7H 

2W-J- 3 


W width of opening, ft. H »• height of opening, ft. L length of prop, ft. Number of 
prope required for a barricade (W •«- S) + 1> 


Data in Table 96 are from plants with capac of at least 400 cu yd daily. 


Table 96. Coats of Flushing in the U S, ^ per cu yd (C. Enzian, in 1913) 


Distri¬ 

bution 

Drain¬ 

age 

Total 


& 

Si 





S’ 

1 

a 

1 

a 

1 

*3 

41 

"S 

I 

s 

9 

s 




2 

1 

•3 

•B 

-ta 

i 

ws 

5 

0 

S 


& 

< 

s 









> 

cq 

0 








CO 



■5: 


4- 

*1 

jl* 




fS 



•*> 











Material 


Culm. 

Crilm mixed 
withoniehed 
breakw and 
boiler refuse 
Local hy- 
draulieked 
sand, loam, 
gravel, day, 
eto 

Local onuhed 
sand, loam, 
gravd, elay, 
eto 

Material from 
a distance in 
returning 
empty coal 
can 


Surface trsnnport 


Gravity 


1-1 1/S 

<-51/2 


»-l4 


30-40 


Scraper 
or con¬ 
veyer 


41/2-6 

71/2-10 


111/2- 

181/2 


Pump 


2 1/4-4 
5 1/4-8 


9 Ve¬ 
to 1/2 


Coet of material, loading, 
freight, unloading, prepar¬ 
ing and surface transport 


Intermediate 

transport 


Shaft or 
slope 


I/4-V2 

3/4-1 1/2 


»/l0-l 3/4 


1-1 1/2 


l-I 1/2 


Bore 

hole 


VlO- 3/io 
2/10-6/10 


3/lO-VlO 


Vio-*,']0 


Vio-*/io 


Under¬ 

ground 

tr'sport 


M 

o 


Add 25% to each coet specified 


111. TIMBERING. USE OF STEEL SUPPORTS 

Tlmbsring in coal minea is similar to that in metal mines with differences in detail and 
terminology. Props, and 3-piece sets (Art 20) for gangways, etc, are of round timber. 

Common sizes of legs (posts) are 10 to 14-in diam, of collars (caps) 8 to 10-in; in 
Penna, legs have a batter of 2.5-3 in per ft; in bituminous mines they are often vert. 
T.ag ging is 3-in round or 6-in split, in 6-ft lengths. Sets are usually 5 ft apart; in heavy 
ground they are doubled, at 2.5-ft centers. In moderately thick pitching seams, gang¬ 
ways may be timbered with a single row of lagged props along the high side, corresponding 
to Stull timbering in metal mines (Art 38, see also Fig 235). When length of such props 
exceeds about 12 ft, they are replaced by 3-piece sets on flatter dips, or by “ post and 
bar *’ (half or 2-piece sets. Art 20) on steep pitehes. Rooms and bieasts are timbered with 
props set with a slight underlie (Art 38); their spacing depends on character of roof. 
Headboards are sometimes used; generally props are wedged against the roof. In flat 
rooms or moderately pitching breasts, where the roof tends to flake off, cape may be 
placed between props, at least o^er the track or chute (355). 

Steel eupporta are increasingly used in both coal and metal minea, especially for wide 
openings and those of semi-permanent character, as haulageways, pumprooms and shaft 
stations. Stxel tw timbbu. Steel lasts much longer, especially in moist, foul air. It is 
procurable in sizes that will carry heavier loads than any available timbers. Less excava¬ 
tion is required and cost of erection is usually less than for timber of equivalent strength. 
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Disadvantages of steel are its relatively higli first coat (unless Becond«hand material is 
available), and that it can not be so readily cut and fitted undergroimd, unless gas-oxygen 
torches are used. It may be required by heavy press regardless of other factors; its 
installation is often iustified by saving in maintenance. 

Proper size of steel for g^ven service cannot be definitely computed, because it is 
impossible to measure the weight to be supported. Steel members for replacing timber 
are slightly heavier than required for equivalent strength. In a new region, their size is 
based on experience with wood or steel under similar conditions elsewhere. 

Types. Props may be of standard H-sections, of old rails, or other available material. 
Wooden or steel base blocks and head boards are generally necessary, to prevent props 
from being forced into floor or roof. Fig 785, 786 show examples of gangway sets made 
by the Carnegie Steel Co in numerous forms and sections of leg and collar. Lege are 
commonly of U-section (Fig 786) or of channels (Fig 785); collars of I-beams; joints 



gs Ad|iwtaU« pin vod wtdg*«oDiiMttd 

‘ •«!» modica fvfm 

Legs of SotaftBDtlit witb pipe 
4ad nitlag ga bug pbttoi 

ColUr. ft alaglft ■•beftiii 

Loftd dUlilbuted to Itgs bj plot ftsd 
£itra holea tok« up 
diffttftiiooi la vhlib oi ^4(bl 


Fig 785. Gangway Set, Style B 




WmpU set. equlfilCBt to 
3 p» wboden set 

Ugt of ilng!« l^bealI!w, rcatlftg ea 
plain or fabricated base plateft 
Colter, ft I or H’bcem 
Load distributed to legs bj rlrcta an 
direct bearing. Dent augle lugs prtreol 
ludue lateral motwa 


Fig 780. Gangway Set, Style P 



may be rigid or adjustable. Entry and gangway roofs are often siipimrted by I-beams, 
H-sections or rails, resting on wooden legs, concrete pillars or walls, or in hitches in the coal 
ribs. Arches and camlwred girders are widely used in British and Continental mines. 
Lagging may be of wood, or, for fireproof con.struclion, of old rails, sheet steel or corrugated 
iron. Brick or concrete arches are sometimes turned between collars of adjacent sets. 
Concrete slabs, with light wire-mesh reinforcement, may be built over the collars in pump- 
rooms. For examples of steel supports in shaft stations and pumprooms, see Kec 12 and 13 
respectively. For further data, see Carnegie Steel Co catalogs and Bib (374, 375), 


GROUND MOVEMENT AND SUBSIDENCE 


The following Articles were written originally by Alan M. Bateman, Prof of Economic Geology, 
Yale Univ. Revised in 1926 by H. G. Moulton, Consulting Mining Engineer. Revised and 
enlarged in 1938 by Stephen Royce, Consulting Mining Engineer and Geologist, and Geologist for 
Pickands Mather & Co. 


112. THEORIES AND PRINCIPLES 

Status of information. While ground movement .and subsidence have long been 
studied and many theories advanced, data are scanty ana often conflicting. 

In the U S, committees of the Am Inst of Min Engs are investigating the subject with reference 
to coal, non-ferrous metal and open-cut mining. Beat current sources of information are: Coal 
M iNiNO. Comm Rep. AIMS, 1926 (460), containing tabulations and data and Bib from 1913 to 
1924. Open-cut mininq (470, 471). GEVBRtL. Bull 91, Eng Exp Sta, Univ of Ill, by Young 
and Stock, 1916 (465), contains an extended Bib. (See also Bib 472, 473, 621, G73, 674). 

Economic features. Heretofore, the chief interest in subsidence has concerned surface 
damage, since ground under buildings must generally be supported to prevent injury from 
settlement. In general, subsidence must be prevented where towns are located over 
workings; where settlement would affect the grades of R Rs, sewers and piping; where 
water courses overlie mine workings and subsidence fractures might admit much water; 
and where, in case of large mines, surface effects would be too great to permit subsidence, 
except in areas containing no permanent improvements. Subsidence can sometimes be 
controlled to produce such uniform surface settlement that buildings are not seriously dam¬ 
aged; as in case of certain regular coal seams where the coal was completely extracted. 



10-520 GROtJND MOVEMENT AND SUBSIDENCE 

Possible subsidence affects choice of location of mine shafts and surface'plant. Mills 
should be placed where they can be supported, or at points safe from settlement; other¬ 
wise foundations and machinery may be injured. 

The problems of subsidence as affecting mining operations themselves are now usually 
more important than surface effects. In some mining methods, press cause, d by subsidence 
of overlying strata aids in breaking the mineral; in metal mines, control of subsidence 
reduces mining costs and dilution of ore. Coal-mining practice tends toward complete 
extraction of coal, accompanied or followed by uniform subsidence; this minimizes danger 
of loss from squeezes. Subsidence is sometimes desirable for filling voids, as when extract¬ 
ing sulphur from deep deposits by hot water. 

General principles. Withdrawal of sxipport caused by removal of minerals subjeots 
the overlying rocks to 2 kinds of distortion: (a) local caving of stopcs; (6) a general, 
widespread movement. The second type is, however, only an extension of the first. 
The extent of dist>Iacement over a large area depends on strength of overlying strata and 
method of removing its support. 

For example, at Hidden Creek mine, Granby Consol Co, Anyox, B C, the embody was a lens 
of Cu and Fe sulphides; foot wall, slate; hanging wall, greenstone. One stope had an unsupported 
roof with a span of 300 ft: top of the arch was approx 400 ft below aurface. The ground stood over 
this large area because the luof rock was strong, and formed a strong natural arch over the stope; 
if the arch were not properly shaped, the roof would cave, and, in weaker rook, caving would extend 
over a large area. The extent to which local caving in stopes may develop into general caving, with 

failure of the surface, therefore 
depends upon the strength, depth 
and character of overlying rock, 
the area of aupport removed and 
mode of removing it. 

General surface failure over 
a large area is of 2 kinds: (a) 
Usual type in coal mining con¬ 
sists of settlement of bedded 
rocks over worked-out seams, 
where beds are comparatively 
Fig 787. Fayol’s Experimental Subsidence of Horis Strata fiat and thin; (6) in extracting 

ore from bodies underlying 
massive rocks, the action may be merely local spalling over stopes, but may extend to 
complete collapse of the surface. Subsidence of bedded rocks over coal mines appears to 
involve beam action to some extent; 
the strata bend and break, due to 
tensile stresses. Subsidence of massive 
rocks over metal mines involves failure 
from fracture by compression; as over 
stopes of the Miami copper mine (Art 
86); surface cracks first appeared, fol¬ 
lowed by subsidence along vert breaks. 

Early theories. From studies during 
latter half of last century in France, Belgium 
and Germany, many mathematical theories 
of subsidence were developed. Best known 
is that of H. Fayol in 1885 (467), based 
upon experiments with artificial beds of 
earth, sand, clay and plaster, in small boxes. 

The conclusion was that fracture of the 
ground would spread out in form of a 
dome, the increased vol of broken material 
filling the area affected, finally checking 
movement at aome depth bearing a definite 
relation to thickness of mineral removed. 

In bomogeneoua, or in fiat lying stratified 
rocks, these domes tend t.>'vnrd a semi- 
ellipsoidal form, with majo' axis vert, and 
the base of the half ellipsoid coiiic>Jiiig 
with the limits of mining (Fig 787,. As 
mining is extended, laterally or iu depth, 
new ellipsoidal domes develop, and the 
older, interior domes continue to show 
increased movement along their surfaces us long as subaidenes continues within and below them. 
These successive domes produce the phenomenon show'n in workings over a mined orebody, where 
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the ground ia displaced downward in euccessiTely greater scarp movements as the center of mining 
is approached. In esse of inclined strata, the axis of doming tends to be warped toward the normal 
to the bedding, and lies between that direction and the vert (Fig 788); (205). These reactions 
to subsidence are affected by fault planes 
or other planes of weakness in the terrane 
(Fig 789, 790). For a historical study, see 
Kb (465). Recent experiments in sand by 
W. J. Mead, of Mass Inst of Tech, have 
confirmed the merhanical principles of this 
typo of movement, early developed by 
Fayol and elaborated by GoupiUidre, 

Recent theories. Following discus¬ 
sion is abstracted from a paper by 
George S. Rice (472). Gbound move¬ 
ment, without some of which there can 
be no 6ub.sidence. Small movements 
of hanging wall or roof are etident in 
every mine where falls occur or timber¬ 
ing is needed, and in deep mines by a 
flow of the rock that gradually closes 
openings. Greater movements occur in orebodics mined by top-slicing or similar method, 
and in co:il ininos worked by longwail and pillar withdrawal. The successive changes 
between those first movements underground and surface subsidence are veiled with uncer¬ 
tainty, even in nearly horiz todies of homogeneous material. The variables of dip of 

strata, and their strength, possible 
faults, mining method, character and 
depth of overburden, and character of 
the undcrl>ing strata, add complexities. 

(Rce also recent papers, in Trans A 
I M E and E & M Jour, by P. B. 
Bucky, As.soc Prof of Mining, Golumbia 
School of Mines, detailing his experi¬ 
ments on strength of rock strata and 
pillars, and allowable span of roof over 
mine workings.— R. P.) 

Effects of ground movement that 
seriously concern mining, from both 
safety and economic standpoints, are: 
(a) Simple falls of rock or ore. (b) 
“Bumps” (Sec 23). In this case, grad¬ 
ual settlement of the immediate roof 
probably causes rigid strata above, 
comparable to beams under heavy load, 
to break successively when subsidence 
leaves a sufficiently wide unsupported 
space (622). Such breaks cause a 
hammer-like blow on the lower rocks, 
transmitted as a shock wave to the 
mine roof; this, being elastic, does not 
collapse, but loose material is thrown down, timber smashed, and wind blasts produced. 
Firedamp outbursts may occur simultaneously, (c) Squeezes in coal mines (Sec 23) may 
cause subsidence, but it is slight, as the pillars remain in place, (d) Flow of rock, even of 
the granitic type, in mines 3 UOO-S 000 ft deep, as in the I.ako Superior district, may slowly 
close shafts or other workings, (e) Extensive falls of hanging wall in metal mines, and 
rock readjustments in deep mines, set up violent air blasts. Such falls sometimes 
occur in thick coal beds, with high open chambers, as in India. (/) Irregular subsidence 
and rupture of upper beds, in room-and-pillar mining. If the beds are close together, 
mining the upper ones may be impracticable, due to difficulty and cost. In longwail, or 
where workings are sand-filled, permanent damage is sraull. (f) In ore veins that are 
thick, dip steeply, and have relatively weak walls, if sublevel-caving be used, the wall rock 
may slump in with the ore and lower its value. (In Lake Superior iron mines and else' 
w'hore, such dilution is controlled by flooring sub-levels with plank; Art 71.—Author.) 

Mechanics of ground movement. A commimion, appointed in 1825, to investigate eurface 
craeka in vicinity of the coal mines at Li4ge, Belgium, concluded there was no danger from subsi¬ 
dence over workiitsB deeper than 300 ft. In 1838, Gouuot proposed his theory of the law of the 



Fig 790. Fayol’s Experimental Subsidence of Horis 
over Inclined Beds. (Fig 7K7-790 from Goupiliierc, 
Vol 2) 



Fig 789. Fayol’s Experiments with Uncomformable 
Beds 
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normal, i «, planes normal to dip of tbe bod limit the fracturing from an excavation. A aimQar 
theory was lulvatieed about 1838 by TroUes, of France. Later, Kucloux and Durmond, of Belgium, 
Gallon, Culomb, and Goupillidre, of France, Schuls, von Sparre, von Dechen and Hauase, of Ger- 
nsany, and Jicinsky and Uaiba, of Austria, each developed theories. Sobula criticised the law of 
the normal, considering that the plane of fracture varied with the material ana in shale waa vertical. 

Although Fayol is generally credited with the dome theory, Rziha apparently first propoaed it, 
on theoretical grounds only, in 1881-82; he also believed that stratification of the beds had little 
effect on angle of break, and described a "falling space,” approx a spheroid, the rocks within which 
dropped when tbe force of gravity exceeded cohesion. Surrounding tbe falling space, Rsiha thought 
there was a "frinbility” or "tearing space”; also that, in very deep mining, the increase in vol 
of the broken rock may prevent surface disturbance, and proposed the formula: ft •• ilf ■{- a, in 
which ft •> harmless depth; a coeff of increase of vol; M •= vert height of excavation. 

Fayol made extensive laboratory tests, as well as mine observations, and in 1885 sum¬ 
marised the contradictory opinions advanced to that time, as follows: 1. Extension of 
movement upwards: (a) movement is transmitted to surface, regardless of depth of work¬ 
ings; (5) the surface i.s not affected when workings exceed a certain depth. 2. Amplitude 
of movements: (o) subsidence extends to surface witliout sensible diminution; (5) move¬ 
ments become more feelile as they extend upwards. 3. Relative positions of surface subsi¬ 
dence and mine workings: (a) subsidence always takes filace vert above the workings; 
(b) subsidence is limited to an area bounded by lines drawn from perimeter of the workings 
and fiorpendicular to the beds; (c) subsidence can not be referred to the excavation by 
either vert lines or lines normal to the beds, but only by lines at 4.'>° tti the horix, by angle 
of repose of the material, or by some similar angle. 4. Influence of gobbing; fo) Use of 
packing protects the surface cfTectually; (b) packing merely reduces the effect of subsidence. 

Fayol’s conclusions W'crc that ground movements are limited by a dome having for 
its base the excavation and that their amplitude diminishes as they extend farther from 
center of the area, this also being true of the vert efTects; also that, if workings are very 
deep, there will be no surface sulisidence, heiaiiise of increase in bulk of broken ruck (Table 
97); this is nut eul>stantiated by more recent data. 


Table 97. Fayol’s Tests on Volumes of Different Materials, when Crushed to Granular 
Size (20 mm) and Compressed; Original Vol being Unity (4t>5) 


(a) Corresponds to vert rock press at depth 
of 1 638 ft 

(ft) Corresponds to vert rock press at depth 
of 3 276 ft 

Increase 
in vol 

Vol when compressed 

By press of 

1 422 lb 
per sq in (a) 

By press of 

2 644 lb 
per sq in (ft) 

Clay. 

2 16 

|||||■R!||||||| 

■■nnHii 

Shale. 

2.29 



Sandstone. 

2 14 



Coal . 

2.02 




U S Bur of Mines’ tests on naturally broken anthracite mine rock, when compreeacd in a steel 
cylinder at 833 lb per sq in, showed a shrinkage in vol of 26.2%. This press waa taken to be equiva¬ 
lent to rock press at 860 ft below surface. 

Since Fayol’a work, other enginers have advanced theories and empiric formulas regarding angle 
of break, angle of repose, probable vert subsidence, and its extent relative to the mining excavation. 
Rice found tbe assumptions for coefficients in the formulas are such as to destroy the practical 
value of the formulas, except for identical conditions. The possible combinations of factors are 
infinite. Factors include the various strengths of rock and earth strata; their relative dryness; 
their dip; shape of excavation and whether packed or not; and, most important, the method of 
mining. 

The following diametrically opposed views are still hrfd: (A) Surface subsidence always 
extends beyond the area of excavation, a view supported by British autboriti^, and by 
many instances in the U S. (B) Subsidence does not extend b^ond the area of excava¬ 
tion. The mine subsidence committee of the Mining and Geol Inst of India recently 
reported, after making accurate observations at 24 collieries, that " Where no packing is 
done and pillars are taken out completely, tbe area of subsidence is less than the area of 
excavation; and in seams dipping less t^n 1 in 5, where no packing is done and pillars 
are completely removed, there is no draw.” That is, the break does not extend beyond 
the vert plane extending from edge of the excavation; a view substantiated by data from 
mines in Penna and West Va (4ft*J). See alsi- recent papers on model tests. 

Rice's experience at the Ladd and Cardiff mines flongwall field of northern III) shows that 
there ie always a draw in advancing longwall. In Great Britain, where this system is in general use. 
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endn opened in bridk buildiaga nb«ad of the face, but they mostly oloaed when aubaidenoe was 
complete a' few years later. Survey monuments and time studies at other mines in the Spring 
Valieyi 111, longwsll district, have established the fact of draw. But, experience in mines vising 
room*and-pillar system and drawing pillars within panels, where surface subsidence was well within 
vert planes bounding the area of pillar withdrawal, confirms the views of the India subsidence com¬ 
mittee. L. E. Young reports similar findings in Ill in 1016 (623). 


In investigsting ground movement, the arching stresses and strength of rock strata 
acting as beams have been much discussed, but their relative importance is difficult to 
determine. Where the rock stratum immediately over the excavation, acting as a beam 
or flat slab, has broken (and as each successive layer breaks), the beam stresses are trans¬ 
ferred to an arch spanning the excavation and resting on the solid strata on each side 
(Fig 791). The doming effect is probably a fact, but when the dome reaches the surface 



p7S* 




. \l 




/ / / R^m'pillars of panel extyacted ' ^_ 

Goaf ^ Not to scale 

Fig 701. Suggested Meehanics of Room-snd-pillar Caving (623) 



Fig 702. Rork Layer acting 
as a Fixed Beaim ehowing 
how doming enect may 
start in horiz strata at edge 
of excavated ground (465) 


its shape may have been modified greatly by the dip and strength of the rocks. Recent 
instances have repeatedly shown that shale, for example, breaks approx vertically, regard¬ 
less of dip of its bedding planes. Break as shown (Fig 792) is usually nearly vert. 

When an excavation is in a bedded dex>osit, or thick coal seam, not back-filled nor 
tightly packed, the overlying rock breaks when its span becomes too great for its strength 
as a beam. The overlying stratum acts as a beam fixed at one end projecting from the 



Fig 793. Effects of Subsidence in Panels of a Penna Coal Mine; dotted lines show cracks, S-10 in 

wide at A, and 2 smaller ones at B (623) 

» 

solid; hence, on breaking near either support, the fracture usually inclines inward toward 
tte excavation (Fig 792). Layers above break similarly, forming a flat dome increasing 
in height with the successive falls. The edges of such caved strata show a saucer-like 
shape of the initial breaks, if the ground is at all uniform (Fig 793). As the successive 
breaks occur, the space between the broken rock and the roof lessens; finally, if the depth 
of excavation is not too great, relative to its height and width, the dome breaks through to 
the surface. Meantime, the fragments falling from top and sides of the dome make a 
roughly conical pile, down which the fragments tend to roll and wedge against the dome 
walls. When the pile reaches a height greater than the width of excavation. Rice believes 
there will be an arch thrust thiough the mass of partly compacted broken rock, which 
tenc^ to prevent further spalling of the sides of the dome or planra of break (Fig 794). 
Civil engineers have considered this in tunneling and tr enchi ng in earth sand. 
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Original aaifaee te|el__ 


J. C. Meem’B experimentB (473) with dry sand in a cylinder are confinned by the behavior 
of dry granular material in high bine; the wt on the bin bottom is independent of the height 
of the column of materiid above a moderate height compared to the bin diam. The wt of 
material above this height is carried by the bin walls (Sec 12). 

Filling a slope with ore or waste prevents the walls from caving, due to the arching 
effect of the loose rock. Also, after the first load comes on the stulls imder a shrinkage 
etope, added filling does not increase the load on the timbers (unless the horis width and 

length of the stope are great.—^Author). In tun¬ 
neling under caved ground, although forepoling 
and heavy timber may be needed, the timber does 
not bear the full load of loose material above it, but 
only the part under the natural arch formed in the 
broken material. As arching of the compacted rock 
fragments supports the sides of the dome, there is 
no draw effect when the room-and-pillar or lim- 
ited-t>anel method of mining is employed, unless 
the excavation has too great a diam. If an exca¬ 
vation in a bedded deposit continues on one or 
both sides, as in longwall, the stability of the arch 
buttresses is continually being impaired, and the 
sone of fracturing extends beyond the vert; this 
i movement is probably assist^ by the shifting 

1^^ arch Btres.ses and produces the effects of draw 

1 always observed over longwall workings. Draw 

usually usually proceeds at an angle of 65^-75'’ with the 
horiz, but the actual plane of break curves outward 
from the excavation and is affected by the character 
of the ground (Fig 794, 795). In homogeneous rock, 
the plane of break may l>e the resultant of the vert 
wt component and an arch thrust from the broken 
rock, which would add to the load on the rock in 
place, giving the downward movement a disrupting 
effect. In a very thick orebody, lying at some 
depth and mined by caving, after the first general 
break to surface similar arching of the broken cap- 



Settled 

ground 

66* to 75* 


FED, Angle of "draw," 
defined. 

EaD, “PUno of stability" 

EBD, Moving ground tending to slide 
Aa, Thrust of arch from caved 
ground 

Wa, Weight of strata 
an, Tleeultant thru-st 
ns. Rubbing pressure on solid ground 
as, Slide component 
a. Subsidence 

Fig 794. Theory of Stresses in Subsi- 
denee where using Longwall 



ping would probably prevent the side walls from falling until the descending capping, by 
further caving, had exposed them to a considerable height (Fig 796); then normal rock 
slides would occur, as shown in the Miaini-lnspiration cave. 

The preceding discussion deals with only a few problems of this intricate subject, but 
touches on the most disputed ones. 

Summary of Rice’s views. 1. Mining by room-and-pillar, with the pillars left stand¬ 
ing, may not cause subsidence unless the pillars are too small or tlic bed is near the surface. 
Conversely, the dome of 

Max MbsidM«,_40- 

Arch thrust of broken rock 


breaking will not reach the 
surface unless the deposit is 
very thick, compared to its 
depth, as the broken rucks 
will wedge and their increase 
of volume will fill the dome. 
(Regarding this statement, 
allowance must be made for 
compressibility of the broken 
rocks, which is apt to be high 
where the depth is consider¬ 
able.—Author.) 

2. When pillars are partly 
or w'holly extracted in a panel 
of moderate size, surface sub 
sidence is ultimately ineritahle. 





-Advancing longwall 


BT/ 
Shaft pillar 

Fig 795. Suggested Mechanics of Longwall Subsidsnee 


When a deposit is thick, compared to its depth, and the 
lateral width of deposit or panel is of moderate size and riie area excavated surrounded by 
a barren pillar or solid mineral, surface subsidence rarely extends beyond the area of deposit 
or panel; that is, there will be uo draw, because the arching thrusts of the broken rock 
buttress the walls (Fig 791). Yert subsidence will then approx the height of excavation, 
less amount of broken material left in place; provided the rock strata, after the first falls, 
tend to come down en maaae and thus not greatly increase in volume 
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3. Longwall, or equivalent method, inevitably causes surface subsidence, independent 
of depth of deposit, accompanied by a draw; that is, subsidence extends beyond the 
workinsB, and over the solid mineral to a line subtending an angle of 65®-76® from the 
horizon of the excavation. The angle will l>e modified by dip of the strata and by faults. 
In longwall, subsidence rang;es from t/g to 2/3 of the thickness of the bed, varying with 
amount of packing. As long¬ 
wall is usually practiced only 
when the roof is shaly, the 
packs are so compressed that 
old ground when reopened is 
often as tight and hard as the 
original. Where hydraulic 
sand-filling is used, subsidence 
is negligible. 

Sice’s "plane sf stability’’ 
differs from the angle of repose 
of loose material, because it 
refers to rock or dry earth in 
place. It ie a warped plane 
extending from edge of the ex¬ 
cavation to the surface, where 
it meets the theoretical line of 
draw; hence, the line of draw is 
a chord of the warped plane. Fig 790. Suggested Mechanics of Subsidence in Block-caving of 
below which the ground is nut a Large Orebody 

affected. Position of the warped 

plane, with respect to n straight plane, depends on tlie relations of the arch thrust of the broken 
ground, sliding movement beyond the vert, and resistance of the rocks to rupture under the com¬ 
bined stresses (Fig 794). 

113. MISCELLANY, SUBSIDENCE 

Effect of variations in rock structure. Sulisidennc is affected by homogeneity and 
strength of the overlying rock and by faults or other planes of weakness. Homogeneous 
material usually develops its normal lines of fracture and subsidence only at depths great 
enough to cause press exceeding the shearing strength of the rock. Hence, weak rocks 
fail in shear and show linos of fracture outside the area directly above the excavation at 
comparatively shallow depths; whereas strong rocks tend to brdak in vert planes, or form 
domes within the vert planes at shallower depths, and will not develop subsidence areas 
beyond the area of excavation until greater depths are reached. 

No figures are available, from which an exact relation between strength of strata and depth 
causing complete failure can be determined, but empirical data may be obtained from observing 
particular cases; for examples, see Bib under "Status of Information" (beginning of Art 112). 
Fractures are often localised at a contact between a harder and a softer rook stratum. Presencs 
of igneous intrusives in a sandstone or limestone formation modifies the lines of subsidence, unless 
the press resulting from depth of the excavation exceeds the shearing strength of these rocks. 
Similarly, planes of weakness (as faults) localise breakage, of strata and affect subsidence. 

W. R. Crane (673, 674) demonstrates the important effects of bedding, fault planes, 
and joint fracture systems, in controlling subsideiice movement. He finds that the major 
yield takes place along a mean, or resultant, of the varioiih fracture systems in all directions 
toward the mine openings, weighting them in order of prominence of occurrence as well as 
in proportion to their steepness of dip. The flattest inclined planes of weakness are given 
great weight in determining the ultimate limit of draw, but the actual displacement on 
these limiting planes is apt to be small in amplitude and long-delayed, unless such flat 
fractures greatly predominate in number over llte steeper ones. Crane's work above cited 
was chiefly on the Lake Superior iron and copper ranges. A large predominance of flat 
fractures in controlling subsidence at Kio Tinto mines, Spain, is described by 
R, £. Palmer (675). 

The effects of “ natural shrinkage stoping ’’ by local fragmentation of the overlying rooks in 
subsidence may lessen or prevent surface subsidence, where the rocks immediately over the workings 
are weak and fractured, vhere the rocks above these are physically strong and unfraetured, where 
the total etresees are less than the shearing strength of the stronger overlying rocks, and where the 
volume of eubeidenoe is small relative to the croes-eeetion as a whole. Where the overlying rocks 
are not much affected by fractures and natural planes of weakness, but are too weak to reebt the 
shearing etresees, ellipeoidal domes of eubeidenoe are apt to develop above the zone of fragments- 
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tion. Aa the fratcmental soaterial is eompreesed under the weight of these domes, new domes 
develop or sreater width and height until the surface is reached, being drawn in an area which is 
apt to be lees than the mined area. Such a case, stopping just short of subsiding the surface, 
occurred at the Brier Hill shaft of West Vulcan iron mine, Norway, Mich (676). 

Wherever subsidence domes intersect important fractures, the yield transfers to these 
fractures and tends to fan out along them. In such event, surface subsidence may be 
greater in area than the mined area underground, or may equal it; whereas in pure dome 
subsidence the subsided surface area is usually less than the mined area (Fig 791, 796). 
Where the mined orebodies are along major fracture systems, the ellipsoidal dome sul^ 
sidence either does not occur, or is confin^ to the earliest stages of movement. In such 
case, yield takes place along the local fracture system, spreads to any intersecting fractures, 
and, in any overlying homogeneous unfractured rocks, is controlled by the angle of yield 
in such rocks^ or else spreads into tliem in form of a new system of domes. A case of this 
kind is described by C. E. Mills, at the United Verde mine, Ariz (677). 

Where strong vert fractures, dikes, or other zones of weakness enclose an orebody, sub¬ 
sidence domes may be confined within such fractures and work up to surface without 
spread, or lateral draw; for example, the Athens iron mine, Negaunee, Mich, as described 
by C. W. Allen (678) and by W. R. Crane (673). In this case, sub-level caving, retreating 
from the deeper end of the orebody, was used to control the progress of caving, lessen the 
weight on the workings, and to delay breaking of the surface and consequent tapping of 
water-bearing overburden. 

Dome subsidence results in a minimum of loss of volume, as subsidence works up to 
surface; fragmentation produces a max loss of volume in subsidence. Compressibility of 
the fragmented material sometimes lessens its helpful effect. In shallow workings, the 
cantilever or beam action of very strong overlying strata, as limestone or quartzite, may 
arrest the upward progress of caving in workings of moderate volume. But such action 
is rarely long-lived at a depth over 500 ft, unless the span of subsidence is very small. 
Keying and arching may terminate “ natural stope ” caving at great depths if the dip is 
stoop, or the width small compared to length. Natural slopes resulting from reduction 
of volume in concentrating iron orebodies naturally from the jasper in place have been 
found on the Gogebic Range, Mich, unfilled after very long periods. 

Mod runs and air blasts occur when subsidence taps water-bearing overburden so 
as to bring it into contact with openings in the mine. Such dangers are encountered 
on the Lake Superior iron ranges, and sometimes result from tapping a mud- or water- 
filled natural cavity, a common condition in any limestone territory. Bulkheads are the 
only safeguard against these conditions, unless the water can be drained from the suspected 
source of the mud, as at the Kimberley diamond mines (Art 88). 

The waterhammer effect, produced when masses of fast-moving quicksand strike a 
rigid obstacle, is enormous. If solid rock is available in a drift, a bulkhead 12 ft thick, of 
reinforced concrete and hitched 6 ft into the rock at top, bottom and sides, with steel rails 
in the concrete, will stop almost any run. It should be poured from a small sub-drift 
10 ft above the back of the main drift. If the drift to be blocked is no longer used, some 
30 ft of timber cribbing should be put in on the dangerous side before the bulkhead is 
poured; otherwise, steel plate and oak laminated doors, 2-3 ft thick, can be recessed in the 
bulkhead in a V-shape with the poin.t toward the cave, hung on ball-bearing hinges like 
safe doors. The bulkhead is then provided with 4 or more extra-heavy, 12-ia relief pipes 
with valves, which are left open, to be closed slowly when the mud run occurs. Such a 
bulkhead withstood over 2 5()0 lb per sq in at the Judson mine, Alpha, Mich, in 1919, and 
saved the main level, the mine, and the men underground. The site for the bulkhead 
must be prepared with a minimum of shattering, and checked over carefully before {mur¬ 
ing. An 18-in seam of slaty paint rock was forced out under such a bulkhead in the 
Amasa Porter iron mine disaster, Mich, in Feb, 1918. Major disasters have also resulted 
from such mud runs at the Keel Ridge, Mansfield, Milford, and Barnra-Heclcer iron 
mines in the Lake Superior region. Properly designed bulkheads have averted them at 
other mines, notably the Chapin and Judson. 

Air blasts result from sudden collapse of large mined openings, which forces air under 
press through communicating workings. Bulkheads, or the blasting in of large volumes of 
ground to block access of air blasts, are the only preventives. 

Accumulation of water in the gob above top-elicing or sub-level caving sometimes causes local 
mud runs. Drainage, blasting in oi the hanging wall, and vigilance whenever a usual water fiow 
lenens or suddenly oessm, are the chief precautions. Where sulMlrift caving starts beneath water¬ 
bearing surface, a back of ore most usually be ^laerificed and much lagging and planking be used aa 
tha slices are taken out, to guard against mud 'una. Bulkheads of timber with trap doors at strategic 
points are eafeguarda. They should be double, V-shaped, and well bitched to the rock or solid ora, 
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ftnd doors fitted to dose on cutting a rope, with an ase hung to a chain and staple for this purpose 
only. In reclaiming workings after a quicksand run, bulkheads are the chief protection. Some- 
times 3 or more will fail before a mud rush is stopped by a final bulkhead. 

Spread, propagation, and detection of subsidence. Whether subsidence is of the local 
fragmentation, or the dome typo (as already described); or follows fracture systems in the 
rocks f or is communicated to surface material above i or is a combination of any of these 
movements, its periphery is always marked by a spreading halo of tension cracks, affect¬ 
ing the rocks or soil, and any drifts, shafts, structures, pavements, pipes, railroads, or 
other improvements in the affected zone. The appearance of tension cracks is the advance 
notice, as their transformation into shearing movement is the Hrst stage, of subsidence at 
any given locality. Surface survey monuments should early be set in threatened areas 
and periodically checked to measure their movement, both horir, and vert. Such observa¬ 
tions, correlated with mining progress, and with geological conditions, make possible the 
forecasting of further damage in time to prepare for it. 

Time-lag element in subsidence is a difficult phase of the problem. There is always 
a lag between mining and the start of subsidence, and nearly always between c.es.sation of 
mining and the end of subsidence. Thirty to 40 million tons in a series of iron orebodies 
in a steeply-dipping formation at Lonwood, Mich, were mined by a caving system over 
25 or 30 years before subsidence amounted to more than local caves at the outcrop. 
Regional subsidence has since been widespread. Shafts and crosscuts underground suf¬ 
fered 4 or 5 years before the trouble reached surface. Depths of mining ranged from sur¬ 
face to over 2 000 ft. Change.? in rate or location of mining are sluggishly registered at 
surface 1 or 2 years after they occur. Movement is mostly on fracture systems. 

A comparable amount of iron ore in folded hard iron formation, having great shearing strength, 
has been removed in certain areas of the Marquette Hange of Mich over the post 76 years with no 
surface effect, at depths to 1 500 ft or more. On the Menominee Range, a cave from mining about 
1 500 000 tons took 9 years to reach .surface, appearing along a steeply dipping fault whose outcrop 
nearly parallels the formation. Mining was suspended during 1 month, burfacc roonunients 
showed that subsidence ceased within a day of the stopp.ige of mining, and recommenced within a 
day of resumption. Orebody top was about 500 ft below surface, current mining about 1 OOC ft; 
formation dips 60° south; fault, 80° north. 

At an Ana copper mine, depth of orebody 1 000 to 1 700 ft, net voids 800 000 cu yd, subsidence 
took 5 years to reach surface along a fault autie of 60° dip; 10 years to reach surface by dome sub¬ 
sidence under incompetent malpais flows. Lag after mitung is several years. 

Rules. Subsidence transmits fastest along fault fractures; the steeper the fracture 
the quicker the transmittal. Doming is more deliberate. Yield on multiple intersecting 
fracture systems is slowest and most widespread. Large deep orebodies subside the sur¬ 
face later than shallow orebodies of less sise. Natural block-caving of a small area in 
steep-dipping soft slate worked up 1 000 ft without spread of area or decrease of volume 
in 1 year at a Menominee Range mine. Keying and ai'ching may indefinitely delay sub¬ 
sidence in moderate-sised orebodies in hard rock. When such situations yield, tlie action 
is apt to be sudden, with little warning. 

Topography in subsidence. When surface movement has begun, its behavior may be con¬ 
trolled by topography more than by mining. The Turtle Mountain slide and disaster, which 
wiped out part of the town of Frank, Alberta, in 190.3 (476), was caused by the mining of n rela¬ 
tively thin seam of coal, dipping steeply into the base of the mountain. A landslide on a mountain 
side was caused by a relatively slight disturbance. In regional subsidence, a steep mountain side 
takes precedence over low-lying territory in a manner suggestive of hydraulic head, with most of 
the subsidence working up the mountain side. * 

Subsidence in open-pit mining (Art 96, 97) is confined to lateral draw. Large-scale 
open-pit mining began in the great shallow orebodies of the Mesabi iron range, Minn, 
where ore stands successfully on a 1/2 ; 1 slope, and rock on slopes of i /4 ; 1 to i /2 : 1 . 
This in a bedded formation with dip of 5° and under. On the Gogebic Range, Mich, the 
same bods are open-pitted in 2 mines, the dip averaging 60°-70°. Original practice was 
modeled on Mesabi lines, and serious slides resulted, as ore will not stand succe.ssfiilly at 
steeper than a 1 : 1 slope, diorite at .50°, and footwall slate and quartzite are licing cut 
back to a 30° slope. Experience shows that stripping dumps should not bo close to tho 
walls of such pits, or failure of the walls will be promoted by excess weight. On the 
Cuyuna Range, Minn, ore banks standing at 53° failed, in part due to up.setting press 
from a mi,ia schist footwall, which .swelled on exposure to weather. The slope after sta¬ 
bility was restored is 40°-45°. In exceptional cases ore will stand on a slope of 3 /4 ; 1 , but 
1 ; 1 is about the best that can be expected. These beds dip from 60° to nearly vert. 
Thus, fiat-lying strata are more stable under open-pit conditions than steeply inclined 
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beds. Surface material etanda at angles of 1 : 1 for day, hardpan, and boulders, 1 i/j ; 1 
for sand and gra^'e!, to 1.7 or even 2 ; 1 for fine sand. All of these slopes flatten greatly 
if the pits contain water. 

Effect of subsidence on surface structures. Injury is not caused by amount of sub¬ 
sidence but by its manner. Greatest damage results from irregular subsidence, or from a 
change in relation of subsided areas to adjacent areas. 

For example, a church at Stasefurt, Germany, built of atone masonry about 400 yr ago, has 
sunk 21 ft (due to potash mining! without collapsing. Similar phenomena have been observed in 
the Penns anthracite district. But, a building standing at a junction between subsided and undis¬ 
turbed ground will be damaged. The draw resulting from subsidence often causes tension cracks, 
having boric without vert displacement, as in the foundation of a shaft house of Miami Copper 
Co (02.5). J. J. Kutledge in 1023 (624) cites damages to buildings from draw resulting from squeeaes 
and pillar failure, in advance of completely robbed areas in Oklahoma coal mines. Other canoes of 
foundation settlement may result in damage greater than those from subsidence in mining opera¬ 
tions. Another kind of subsidence damage is due to a change in relation between subsided surface 
and adjacent surface, thereby affecting grade lines and drainage Change in drainage may cause 
overlying land to become water-logged, depreciating its agrirultural value. This matter is purely 
economie, relating to damage as compared to cost of preventing subsidence, including loss of mineral 
left in pillars. 

An extreme type of violent surface dislocation, of earthquake intensity, from sudden 
subsidence of underground workings, often accompanied by air blasts underground, is 
well known in the Lake Superior copper country (see Proc Lake Superior Min Inst, Vol XII, 
p 58, with photographs). The disturbance origiuutes usually from abandoned, inaccessi¬ 
ble workings; details of the underground movements are therefore unknown. This explo¬ 
sive type of subsidence results from collapse of large areas of old workings in hard rock on 
pillars that ultimately fail. 


114. CONTROL OF SUBSIDENCE 

Subsidence may be checked by increase in vol of the subsiding area. If the excavation 
be filled wholly or in part by natural or artificial supports, subsidence may bo controlled 
or prevented. If the control is incomplete, protective steps may be taken underground 
and on surface. 

In narrow stopes, subsidence is localised chiefly in a caving upwards, continuing until the back 
arches itself and supports the overlying strata. Support is necessary only to sustain the ground 
between the excavation and*thc top of the arch. Timbering usually suffices, its chief purpose being 
to PBEVEMT TUE STAKTiMG OF CAVING. In large excavations of metalliferous deposits, having 
considerable vert thickness, and in coal and salt, subsidence is often more extensive and timbering 
ineffectual. In coal mines, the necessity of artificial support depends on method of mining, value 
of coal in pillars compared to cost of filling, and value of surface, or amount of possible damage if 
surface is not owned by the mine. 

W, R. Crane (673) suggests minimizing surface effects by following means; (1) carry working 
face or long dimension of the workings parallel to the principal line of diaw; (2) leave blocks of 
unmined ground to be removed later, if possible; (3) fill with waste rock in blocks between pillars; 
(4) fill surface caves at outcrop of ore with waste rock to support walls; (5) blast out hanging and 
footwall rock to fill the cave, if practicable. 

Shaft-pillars. Young and Stock (465) summarize rules from different autho ritieB for 
calculating shaft-pillars in flat coal seams, as follows: Merivalb. 6 ' 22 V2> -j- 60, 

where S length of side of pillar, yd; D ^ depth of shaft, fathoms. Andre. Area, of 
pillar for a 450-ft shaft is 35 sq yd; area increases 5 sq yd per 75 ft increase in depth. 
Dbon. Draw a line enclosing surface buildings. Leave shaft-pillars so that the extension 
of solid coal beyond this lino =• depth of shaft. Wahdle. Pillars not less than 120 
ft sq, increasing with depth of shaft. If the minimum be 120 ft sq for depth of 360 ft, 
add 30 ft for every added 120 ft of depth. Hughes. Allow 1 ft breadth per ft of depth; 
hence, a 600-ft shaft should have a pillar of 300 ft radius. Pameuv. Up to 300 ft, make 
pillar 120 ft; for greater depths, add 1 ft for every 4 ft depth. Foster, R. J. Radius of 
p illar is 3 Vi3i, where )> = depth shaft, t = thickness of seam. Mining Engineering 
(London). For shallow shafts, allow a minimum of 60 ft radius; for deeper shafts, 
It —'OO + (D T- 10) w'l.ere R = radius of pillar^D = depth, t ■■ thickness of 

^eam, all in ft. Roberton, E. H. R => (D -4- 6) + 2 Vzx, where R »■ radius of pillar, 
O depth of shaft, t - thickness of suom, all in ft. Central Coal Basin rule, Ill. 
.Mlow 100 sq ft of pillar for each ft of depth; if bottom is soft, increase by half; if coal is 
thicker than 5 to 6 ft, pillar should be larger. 
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Th* diversity of opinion regarding shaft-piltara is shown graphically in Fig 797. Fig 798 
shows effect of a shaft-pillar (467); depth of seam 453 ft, thickness 60 ft, and on 2 sides 
of the pillar 25 ft of the thickness has been removed. Surface was affected to points C, D, 
and horis masonry at C, D' became curved. To protect surface structures, Scotch 

engineers leave pillars 1/j to I/b larger than floor 
• I I j I, , I t I < plan of the structure. In flat seams at Con- 

{ I I { i I \ \ i \ nellsville, Pa, for depths of 150 -300 ft, a margin 

I I I / 1 1 • I \ I of 25- 30 ft of coal is left around a building. If 

j ' / / I / *1 \ » 1 • the tract is large, 50-60% of the coal xmder- 

I / i I <'i > \ ! lying is removed, remainder being left in pillars. 


Sulla of fert 




Fig 797. Sises of Shaft Pillar.!, according 
to Di&eicnt rormulaa (Knox; 


Fig 798. Effect of Shaft Pillar on Surface 
Subsidence (Fayol) 


For dipping l.)eds, relative positions of surface .structure and pillar are shown in Fig 799 
(474). Richard.son (46()l suggests " construction of a cross-sec showing the surface object 
and underlying orebodics; from each end of the object draw l:nes cutting the reefs toward 
the rise side ahd making an angle with a horiss plane equal to angle of fracture. The por¬ 
tion enclosed within these lines is the pillar required. Angle of fracture is taken as half 
way between the vert and normal to the planes of 
stratihentioD. 

The alwve data apply mainly to subsidence of rela¬ 
tively thin bed.s or seams, as m coal mining. In mining 
large, irregular-shaped orehodies at depth, e.’tperienco 
shows that shaft pillars are rarely long-lived at a steeper 
angle than a 65° cone about the collar of the shaft. 

Conditions of weakness, fracture systems and faults, 
previously discussed, may greatly flatten this angle of 
safety. 

Effectiveness of filling. Vert movement is reduced 
in extent but not prevented. Ordinary filling is com¬ 
pressible (see testa below), and never fills excavations 
completely. "When roof settles, the resistance of filling, 
weak at first, increases rapidly, and soon stops move¬ 
ment. 

Fig 799. Position of Pillar with 
Belgian engineers believe the most oaretiil packing gives no Respect to Surface Object 
guarantee against damage to surface buildings; it only lessens (O’Donahue) 

subsidence (467). In the W’estphalian mines, filling greatly 

reduces vert subsidence, but has little effect upon its lateral extent (465). A French engineer 
says: "In working by a system which perinit.s tiie roof to fall, movement of strata gradually 
diminishes and stops at a certain level; with filled longwall, it is almost independent of depth; 
leaving sufficient pillars can alone insure safety of the surface *’>(467). 

Faypl’s observations at Commentry mines (467) are: (a) Certain seams, 3.2.'>-6.5 ft thick, 
diflScult to keep open without filling, have hardly required timbering from the time they were filled. 
(5) For soft rook, formerly used, a hard incompressible rock was substituted; haulageways became 
steady, roof settled much less, and cost of timbering decreased, (c) Some ^ing was done imper¬ 
fectly; roof slabbed off and required much timber. Filling was then done carefully, leaving no 
spaces. Soon the press was hardly felt at the face, and all timbers could be saved. Fayol showed 
that in the same formation, in an excavation 39 in high, subsidence would reach a height of 658 ft 
if the roof sank witbout breaking; if roof broke, it would reach 541 ft; by filling, it would be reduced 
to 262 ft. 



Summary of opinions; (a) filling greatly diminishes subsidence; (5) does not prevent 
it; (c) minimizing open spaces by careful packing is important. Fayol’s figures are based 
on mine gob which undergoes fairly high compression; sands or crushed materials oom- 
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press but little (see tests below), but their use is costly and may be impraetioable. In 
narrow excavations, filling limits and usually prevents subsideniw. 

Effectiveness of pillars. In general, pillars are the only means of protecting shafts, 
important workings, or surface objects of vidue. In Belgian and English coal fields, 
they prevent surface damage, if about 50% of the coal is left. 

Fayol stated respecting room work that, if enough pillars be left, the surface is unaffected; 
the mesh of the network of pillars and working places should be smaller as workings are shallower. 
As depth increases, workings can be enlarged in proportion to area of pillars, provided the different 

sones of subsidence are kept 
distinct from one another. The 
structure and character of the 
rocks may modify above state¬ 
ments, but, in properly spaced 
and proportioned workings, dis¬ 
turbance may l>e limited to the 
vol within the sones, aa in Fig 
800, where odd numbers repre¬ 
sent rooms with their domes of 
subsidence Zi, Zt, etc. If pillar 
2 be removed, these affect a 
larger area. Abo, a small pillar 
may not effectively protect a surface object, because the sones of subsidence on either side over¬ 
lap. In Clav Co, Ind, in an area which subsided from workinfci at depth of 20 to 40 ft, an 
outline of each pillar couid be traced on the suiface. Richardson states that on the Rand, 
vrhen a pillar ha.s been left, subsequent pull or draw on each side often causes more damage than if 
no pillar existed. 

General conclusions: Adequate pillars afford the only effective prevention of subsidence 
for coal mines, unless hydraulic filling (Art 1101 is available. Timbering servos in 
small at.ui>e.^ of metal mines, when its strength exceeds the force exerted by the portion of 
the roof below the dome of equilibri- 
tim. It is held that in coal seams 
timbering prevents the overlying beds 
from breaking and expanding before 
general subsidence occurs; hence it 
may increase rather than diminish 
the surface effects. Properly spaced 
pillars of sufficient size 'W'ill protect 
workings and surface objepts. 

Supporting strength of pillars has not been determined. Tests show the crushing 
strength of selected pieces of rocks and coals, but pillars are usually composed of layers 
varying in hardness and friability; laboratory tests do not apply to the pillar as a whole. 
In Lake Superior copper mines, rock pillars at 3 000-ft depth, amounting td 10% and more 
of the lode matter (trap rock) ba\e failed by fracture or flowage of the wall rocks (679). 

In making computations, empirical formulas 
Table 99. Proportion of Pillars for are necessary, aided by an approx estimate of 

Different Depths, Horiz Strata strengths of the rocks based on tests. An aver of 

numerous tests of the Rand quartzite gives a mean 
ultimate crushing strength of 7 521 lb per sq in 
(466). Since tested cubes are weaker than the 
same area in a wide bed, Richardson thi.nks 
10 000 lb is a probable figure; or, at great 
depths, even 15 000 lb. Taking sp gr of quarto- 
itc as 2.83, the above figures give 8 183 and 
12 275 ft, respectively, as the depths at which 
quartzite will fail under its own weight (Table 
99); for inclined strata, multiply the figures in 
the table by the cosine of the dip. Ultimate 
strength of trap rook forming pillars in I<ake 
Superior copper mines is 16 666 lb per sq in (465). 
Tests of building stone (475) have little ^mlue 
iu subsidence; rocks of the coal measures are 
unsuitable for building. Moisture' lowers crush¬ 
ing strength of sand.stone about 40% (Table 100). 
Tests of crushing strength of Illinois coal gave 
an aver max of 1 486 lb per sq in; coal from the Pittsburg seam, 3 155 lb (465). An aver 
of 45 tests by Daniels and Moore (478), upon different sized prisms of Penn anthracite, 


Depth, 

ft 

PresBure, 
lb per 
sq in 

Percentage of pillar 
area for crualiing 
strciigtha of 

10 000 Ib 

15 0001b 

1 000 

2 000 

3 000 

4 000 

5 000 

6 000 

7 000 

8 000 

9 000 

10 000 

11 000 

12 000 

1 222 

2 444 

3 676 

4 868 

6 no 

7 332 

6 554 

9 776 

10 998 

12 220 

13 442 

14 o64 

12 2 

24.4 

36.8 

48.9 
61.1 
73.3 

85.5 
97.;. 

8.1 

16.3 

24.5 

32.6 

40.7 
48.9 
57.0 

65.2 

73.3 

81.< 

80 6 

97.7 

. 


Table 98. Safe Unit Stresses for Stone (Douglas) 



Crushing, 
lb per sq in 

Shear, lb 
per BQ in 

Tension, 
lb per sq in 

Granite. 

1 020 

200 

150 

Limeatone. ... 

800 

ISO 

125 

Sandetone. 

700 

ISO 

75 



Fig 800. Effect of Extent of Excavation on .Amount of Move¬ 
ment (.Fay oil 
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with press applied parallel, normal and inclined to the bedding, shows a crushing strength 
of 1 926 lb per sq in (see also Table 101); 12 samples of bituminous coal gave 1 007 lb per 
sq in. On a day floor, the bearing power of the pillar does not exceed that of the clay 
(Table 103). 

Supporting strength of Ailing is greater with fine 
materials than with coarse. Though sands have a 
high percentage of voids, they are almost incompress¬ 
ible to the crushing point of the grains. Voids of 
broken rock are smaller in percentage, but larger in 
aise; as pieces are in contact in few places, the angles 
and edges crush sooner and allow considerable com¬ 
pression. This crushing takes place under a press less 
thui the crushing strength of a single piece. If voids 
of broken rock be filled with sand, its compressibility is 
lessened. Mixtures of large pieces of sandstone and 
shale, used for filling in coal mines, have about 40% 
voids. Fayol states that in workings 300-900 ft deep, such filling is compressed 30%, 

leaving a vol about 12% larger than the 
original material in place (467). The 
commission investigating the Frank slide, 
Alberta, concluded that under aver con¬ 
ditions settlement would be 5% of thick¬ 
ness of bod, if ordinary sand were used; 
an inappreciable amount, with granu¬ 
lated slag; 10-15% with loam, sandy 
clay, and ashes; 40-60% with dry pack¬ 
ing (476). See Table 102. 

Water should be kept out of partly 
subsided areas; it may loosen sands or 
clays and cause surface movement, result¬ 
ing in further underground subsidence. 
Workings extending under watery strata 
or creeks may cause downward move¬ 
ment of water, which will loosen the 
rock and start subsidence. Streams 
flowing over excavated ground should be 


Table 101. Crushing Tests, Pennsylvania 
Anthracite Coal 



Table 100. Crushing Teats, 
North Carolina Sandstones 

(476) 


Absorp¬ 
tion, % 

Condi¬ 

tions 

Crushing 
strength, 
lb per sq in 

4.2 

Dry 

10 736 

4.2 

Wet 

6 399 

3.71 

Dry 

II 741. 

3.71 

Wot 

6 174 


Table 102. Supporting Strength of Dry Filling. Griffith and Conner (477) 


Kind of material in artificial supports 


Per cent of compresaion 

Rectangular gob piers, ordinary construction. 

Circular piers of mine rock, well constructed . 

Timber cogs filled with gob, aver construction. 

Loose pile of broken sandstone through 1 3 / 4 -iii ring, 40% 

voids. 

Broken sandstone, 40% voids, filled with sand. 

Loose pile large sice broken sand rock, 45% voids. 

Mine room filled with broken sandstone, 50% voids. 

Room filled with broken sandstone, 40% voids. 

Room filled with broken sandstone, 40% voids filled with 

sand. 

Room filled with dry coal ashes, 64% voids. 

Room filled with dry river sand. 

Room filled with rivear sand flushed in with water. 

Room filled with coal culm flushed in. 


Approx depth, ft, of column of ccKil-mcasure 
rock, I ft sq, necessary to compress 
artificial support 



10 

20 

30 

36 

125 

*306 

146 

292 

•512 

182 

270 

•419 

53 

124 

•298 

53 

186 

*465 

121 

351 

*492 

117 

434 

a6l5 

177 

619 

1 310 

325 

6 000 

68 860 

70 

143 

332 

442 

1 715 

6 640 

2 310 


cB 860 

472 

1 822 

5 905 


Concrete pier, I cement, 7 sand and gravel; 5 months old 117 1 092 


Resistance of flushed culm. i. 0 

Reeistanoe of flushed sani. . 3.5 

Concrete pier. . 3.6 



(o) 27% settlement. (6) 23% settlement, (c) 20.75% settlement, (d) Worthless, (e) Gradu¬ 
al^ erackra to pieces undei eontinuous load equal to 600 ft of rock. * Free to expand laterally, 
t Comparative. 
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T«Me 103. BeariagPvwcrofRiwki, Clay aodSaad diverted, to prevent inrush of 

water and sand. Water in mine 
workings sho\ild be confined to 
drains, to prevent undermining 
or disintegration of pillars; if 
allowed to run through filled ar«M, 
it carries away the finer materials 
and reduces the vol of fill. In salt 
mines, the water menace is more 
serious. DlSlNTBORATlON 07 MINB 
riu:,Aits due to oxidation, decom¬ 
position, slacking, or solution, 
can be prevented by coating 
them with concrete (gunite) or 
plaster. 

116. THE LAW AS TO SUBSIDENCE 

Barring special enactment, or a reservation in the title, the surface o^mer in U S and 
in the British Empire is entitled under the common law to the subjacent and l''teral sup¬ 
port of his surface, l^ateral support applies to tlie natural land surface only, not when 
burdened with buildings; grant of surface for btiildiug purposes implies a grant of lateral 
support; its removal through flow of quicksand into adjacent excavations, with resulting 
damage to buildings on adjoining lands, was adjudged in favor of the building owner in 
Cabat V3 Kingman (160 Mass, 403). This American decision is surprising when com¬ 
pared with English precedent, where in the case of Popplewell vs Hodkinson tl,. K. 4 Ct. 
Exch. 247), it was decided that water drained from subsurface by an adjacent excavation 
and causing subsidence damage to adjoining surface did not give the damaged surface 
owner cause for rediess. Again in contradiction is the case in England, subsequent to 
the Musa case, where a (juicksand flow into an excavation was found cause for redress of 
an owner of adjoining subsided buildings (Jordesan vs Sutton, etc, Co. L. U. 1899, 2 Ch. 
Div. 217). 

Trend seems to he that removal of lateral support is ground for damages in all cases of 
damage; in the case of buildings the decisions arc not so uniform, except where negligence 
in mining can be shown. Reservations or special agreements may modify rights to lateral 
support. Subjacent support is a positive right of the suifacc owner in all cases where it 
has not been specifically waived. 

Severance of mineral ownership from the surface ownership does not waive the right to support. 
(Victor, etc, Co vs Morning, etc, Co, 50 Mo. .4pp, 52.>). It is held that the mineral owner must 
so mine his mineral os not to disturb the surface This is true also where the mineral estate has 
been divided into two parts, one below another. The Marquette Cement Co, at LaSalle, Ill, suc¬ 
ceeded in enjoining the longwull coal mining operations of the Oglesby Coal Co, 300 ft lielow the 
former's limestone quarry, in court proreediugo in 1017 and 1018. See Charles II. Shame!: “ Min¬ 
ing, Mineral, and Geological Law.” For recent British enactment and practice, as well as the 
Provincial, Dominion and Colonial laws of the British Empire, see Briggs: "Mining Subsidence.” 


Safe bearing power, tons per eq ft, for 
different materiale 

Min 

Max 

Rock (hardestJ, thick layers native bed.. 

200.0 


Rook equal to beet ashlar masonry. 

25.0 

30 

Rock equal to best brick masonry. 

15.0 

20 

Rock equal to poor brick masonry. 

5.0 

10 

Clay in thick beds, always dry. 

6.0 

8 

Clay in tliick beds, moderately dry. 

4.0 

6 

Clay in soft beds. 

1.0 

2 

Gravel and coarse sand, well cemented. . 

8.0 

10 

Sand, dry, compact, well cemented.... 

4.0 

6 

Sand, clean, dry. 

2.0 

4 

Quicksand, 'alluvial soils. 

0 5 

1 


116. CONCLUSIONS AS TO SUBSIDENCE 

Subsidence is the almost universal result of large-scale mining operations. Foresight 
in the location of shafts, equipment, and townsites, outside the zone of probable subsidence 
of the orelrody and any likkly extension thereof would save the industry much 
expense and the loss of untold tonmages extending under cities, the replacement of which 
cannot be borne by the mining profit. 

The natural laws governing subsidenre are, in principle, clear. The haphazard appear¬ 
ance of subsidence action is illusory, and is due to the interaction of these principles with 
varying local conditions. Certain broad generalizations are possible, but are safe only 
whore not contra-indicat..! by local conditions. Deep-level, regional, large-scale, long- 
lived sulisideuce in rock haa a tendency to develop an ultimate angle of draw of about 63®. 
Subsidence at Bisbee, Ariz; Ely, Minn; the footwall on the Gogebic Range, Mich; th® 
Eastern Menominee Range, Mich; to name a few deep-level cases in widely divergent geol 
settings, all have angles of draw close to tins figure. Extreme depth, closing local fracture 
systems by simple pressure, tends to confine subsidence to the doming tjrpe, which in turn 
tends to maintain draw within about a I/2 : 1 slope. 











PLACER DEPOSITS 


10-533 


Hie emot depth at which rock flowage exists in the undisturbed crust of the earth is 
unknown. Mining depths have already encountered rook flowage in pillars and other 
points where the unit stress is multiplied over that normal to undisturbed ground at the 
same depth. The sheared, schistose, sheeted, and jointed rocks of the Pre-Cambrian, 
often yield by a pseudo rock flowage at depths as shallow as 1 000 ft. Actual yielding 
takes place along the shear and joint planes with which these old rocks are scarred. 
Such yield is usually a alow, creeping process, rather than the violent and sudden collapse 
of youngw and less scarred rocks. Experience emphasizes the wisdom of allowing ample 
margins of error for the safety of expensive shafts, equipment and bui ldin gs, town-sitos. 
and other improvements, to guard against the appearance of unexpected local factors. 


PLACER MINING METHODS 

Revised, 1940, under Direction of O. B. Perbt, E.M. 

Introductory. Classification: (a) Surface methods which are applications of open-cut 
work (Art 05-101), and of dredging (Art 128, 129). These are the most important and 
varied, since most placers occur at or near the surface. For a detailed classification of 
methods and equipment, see Bib (181). (b) Underground methods for deep or buried 

placers (Art 117) are known as Drift Mining or Drifting (Art 130). 

Placer mining includes the work of excavating and transporting placer gravels, and of recovering 
their contained gold or other valuable mineral, which is usually done by concentrating or “washing" 
the gravel in running water. All the common methods of excavating and handling earth and rock 
(Sec 3, S) are utilised where suitable. The term placer mining, as sometimes used, excludee hydrsu- 
Ucking (Art 123), dredging, and drift mining; general term “alluvial mining" then indudee all 
methods of mining placers (286). 

Exploration or prospecting of placers, to determine their value and yardage prior to exploitation, 
is done by drill holes or shafts (Sec 25). 

117. PLACER DEPOSITS 

Definition. Placers are deposits of sand, gravel, or other alluvium, contuning particles of 
valuable minerals in workable amounts. Native gold is the most important placer mineral; a large 
part of the world's output of platinum and casaiterite (stream tin) is deriv^ from gravels; other 
minerals for which alluvial deposits are regularly worked include monasite, columbite, ilmenitr, 
airoon, diamond, sapphire, ruby, and other gems; native Ag, Bi and Cu. amalgam, palladium, 
cinnabar, occur occasionally in gravels; some phosphate depoeite (Art 98) may be classed as placers. 
The terms “gravel deposit," “gold-bearing gravel," and "alluvial depoeit” are used loosely instead 
of “placer" or "placer deposit.” The foUowing paragraphs deal chiefly with gold placers; their 
bearing on other placers is obvious. 

Geology. "Three conditions operate to form placers; (a) Occurrence of gold in bed¬ 
rock to which erosion has had access; (b) separation of gold from bedrock by weathering 
or abrasion; (c) transport, sorting, and deposition of auriferous material derived from 
erosion. Erosion, while operative in most cases, is not absolutely essential, as residual 
placers may be formed by the weathering in place of auriferous bedrock" (377). The 
primary boubce of placer qolo is almost always in auriferous veins, stringers or other 
orebodies. These deposits were not necessarily rich; they may have bwn entirely eroded, 
or their remnants may not be workable. 

Gravel deposits are often concentrations of enormous volumes of rook, in which g(dd may have 
existed in stringers too small to mine. Thus, in the Klondike, no large orebodies have been found 
in connection with the placers; the prevailing country rock is schist, containing numerous unwork¬ 
able quarts stringers sometimes showing gold. To produce the present placers, it is estimated that 
138 ou miles of took, averaging less than in gold per ton, have been eroded and concentrated. 
Some gold may be depoeited from solution in residual placers; this agency is unimportant in the 
deponition of gold or formation of nuggets in stream gravels (307, 378). 

Weathering and erosion. Deep secular decay of gold-bearing rooks preceded the formation 
of most important placers; it can occur only in base-leveled regions of topographic maturity. 
Under such conditions, rocks break down'into clay and fine particlee, which are removed by wind 
and alow-moving water. This effects surface concentration of heavy and reeistant minerab, and 
Bometimee forms commercially important residual depoeits, as the oolian placers of Australia. 
A subsequeot uplift which rejuvenates the streams will cause rapid removal of the residual mantle 
and further concentration of its hea'ty minerals along water courses. Placers formed by the eon- 
oentrating action of running water are oalled soanen placbim. Rapid erosion of fresh rooks by swift 
streams rarely produces extensive placers. A geologieal history involving several cycles of base 
leveling and uplift favors the formation of rich placers, as deposits of one period may be reooncen- 
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trated in streams of a later cycle. Many rich placers in Alaska, California and Victoria were thus 
formed; they are called BaaoitTiin placbbs (377, 379, 307). 

Distribution of gold in sorted and resorted placers is irregular; normally, but not 
invariably, heavy gold is concentrated on bedrock or within a few ft of it; coarse gold is 
sometimes scattered through the lower part of a deposit, but, except in minute quanti¬ 
ties, gold is never distributed uniformly through a great thickness of gravel. In small 

creeks, pay gravel may occupy the whole width of 
the stream bottom; in larger streams, there may be 
some gold at all points on bedrock, but most of it 
is usually concentrated along a narrower streak, 
known as the "paystreak," “pay-lead," “channel," 
“run of gold" (England), or "gutter” (Australia). 
Paystreaks often follow devious courses, bearing 
no apparent relation to that of the present stream; 
Fig 801 shows a case in point. Paystreaks may split 
or cut off suddenly; they may or may not occupy 
the Jeepest part of a stream channel; they may form 
at any elevation in a gravel deposit, on top of a 
stratum of clay or other impervious material, 
which is called a “false bedrock." Some placers 
have several paystreaks, thus formed and overlying each other (307). 

VarioiM hypothesas huve been advanced to explain the formation and idiosyncrasies of pay- 
streaks. 11. Tyrrell bolds that Klondike paystreaks occupy the bottoms of the original V-sbaped 
gulches formed in the early period of stream action. Clay is the chief product of secular decay and 
is quickly removed by active erosion; hence, gold concentrated in sueb weathered material would 
be deposited in the bottom layer of the sediments laid down in a new stream. As the stream widened 
and meandered the paystreak would be covered. A >uter uplift might produce a new gulch at a 
lower elevation; deiiending on its location, the old paystreak might descend into it or remain in 
its original position (see Bench placers below). H. L. Smyth points out the fact that the whole 
contents of a stre.am b'^d must be iu motion to allow concentration of heavy minerals; such motion 
occurs in young streams where gravels are sbnllow and floods occur. Lindgrcn ascribes paystreaks 
to the following causes: (a) partly to a natural “jig-like" movement lu moderately deep, water- 
snaked gravels, during long conditions of fair balance between loading and erosive power of the 
overlying stream; (h) partly to a alow forward and downward movement of large bodies of stream 
gravels, which would allow heavy mmerals to work downward; (i) largely to the fact that heavier 
gold particles entering a stream bed from an adjoining hillside are not carried out onto gravel flats 
of streams of gentle grade (the only ones that have extensive floixl plains), but settle on the marginal 
bedrock of the gravel flat. As the flood plain widens, it covers the accessions of gold along its margin 
and the final result is a paystreak resting on bedrock and lying under barren or lean alluvium (380, 
379, 377, 307). There is no essential disagreement betwp.eu these statements; all the agencies noted 
probably act at different times. 

Glacial gravels may contain gold; glaciers dissipate the gold which they pick up instead of 
concentrating it. lleiico glacial gravels have little econonuc value unless they have been concen- 
tT.ated by pust-glarial streams or have derived their gold from an unusually rich primary source. 

Gradient of auriferous water courses vanes between wide limits. Lindgren (.307) states that the 
most favoraVde conditions for concentration of gold exist in streams of moderate grade, say 30 ft 
per mile. If sediment is deposited in an overloaded stream, eoncentration of coarse gold ceases; 
conditions for formation of rich placers are also less favorable where erosion is very rapid, unless 
the gold supply i.s unusually abundant. California streams in the dierra Nevada have grades of 
50 to 100 ft per mile; many in Alaska have grades of 100 to 150 ft per mile. Depressed or elevated 
ancient river beds may huve been tilted and the original grades much modified. 

Summary. A knowledge of local geologj', regional geological history, and physio¬ 
graphic development is a distinct aid in placer mining; it furnishes an hypothesis on wiiich 
to base prospecting, exploration, and mining. Further data on the geology of placers are 
given below' and in Art 118; see also Bib (307, 377, 378, 379, 380) and U S Geol Surv Bull 
337, 410, 498, 533, 6.34, 592, 739. 

Placers may be classified according to their origin into residual, sorted and resorted 
placers, as above. From the mining stand[H>int the following grouping, based largelj' on 
form, is more useful: (a) Rebiduai., placers, which, when formed directly over outcrops 
or on gentle slopes below them, are sometimes called “eluvial" placers. Residual placers 
are relatively ui)im|)otti.rLt; their valuable particles are not rounded by abrasion; con¬ 
centration in them is sur^rficial, the ricliest part being at or close to the surface '.379). 
(6) Hillside placers occur on ’.alley slopes; are not in well defined channels, but are 
somewhat sorted by w'ater; a transitional type between residual and gulch gravels, 
(c) Gl’lch or CHEEK PLACERS Rro gravel deposits in, adjacent to, and at the level of small 
streams (Fig 802); they are usually shallow. Gulch placer sometimes denotes gravel in 
guiches which are dry or carry intermittent streams. (<f) Bench PiACEns (terrace gravels) 
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are fragments of old stream gravels partly removed by subsequent stream action whidh 
has cut deeper into bedrock. They may occur on the flanks of present valleys (Fig 802), 
or as tenants of a previous drainage system, the course of which has no direct relation 
to existing streams. The White Channel, in the Klondike, is of the latter type, (c) RrvB»- 
BAR PLACBsa ocour in bars and gravel ^ts adjacent to large streams of gentle gradient; 
their surface often lies a few 
ft above normal water level. 

Fine gold is deposited by exist¬ 
ing streams in bars at points 
where the velocity of the water is 
checked (Sec 2, Art 21). (/) 

GBAVBL-pnAiN piiACERS are 
formed in flood plains and deltas; 
the term is not strictly defined. 

The wide valley at Oroville, Cal, 
formed by meandering of the 
Feather River, is a gravel plain; 
also some of the tundra placers 
of the coastal plain at Nome, Alaska (383). (g) Beach placebs (marine placers) are 
formed by the concentrating action of waves on a sloping beach. 

' Gold in beach placers may come from a sea bluff of auriferous gravel, broken down and concen¬ 
trated by the surf; some beaches are probably enriched by gold brought to the sea by nearby 
streams. Nome beach, a famous example, is fiO to 75 yd wide, slopes 4“ to 5” and abuts an escarp¬ 
ment of gravel, muck and tundra 10 to 20 ft high (Fig 803); workable placers occupied 20 miles of 
beach. Fine gold is concentrated near the bottom of lenticular masses of garnet and magnetite 
sand, which are 6 to 0 ft thick and normally rest on a clay false bedrock. The lenses are rarely more 
than 100 ft long, and are not uniformly enriched over the width of the beach. The richest pay wfB 
usually in lenses 5 to 6 ft wide by 2 to 6 in thick (377, 381). Beach placers, consisting of surface 
concentrations of very finely divided gold in magnetite and garnet sands, occur on Kodiak and 

Popoif Islands, Alaska, on the coast 
of Oregon and elsewhere. They are 
constantly shifting; in place's, beaches 
are reworked annually or after storms. 
Beach deposits must usually be mined 
by simple hand methods (Art 119). 
Many disastrous attempts to work 
them on a larger scale failed to recog¬ 
nise that while individual thin layers 
may be rich, the aver value of any 
considerable depth of sand is very low. 
Wave action sorts beach material into 
equal-falling grains (Sec 28); where the gold Is very fine and associated with fine magnetite and 
garnet sand, it is difficult or impossible to recover it by ordinary placer mining appliances (382). 

Buried placers (“deep placers” or “deep leads,” Australia) exist in many districts: 
any of the above deposits may be a buried placer, for example: 

A general subsidence, or overloading of streams, may deeply bury the accumulated placers under 
barren alluvium. In the Fairbanks district, Alaska, deep gravels, laid down as creek gravels in 
ancient water-courses which occupied the present valleys, are now buried under 20 to 300 ft of 
alluvium. Bedrock of the old streams was a little steeper than that of the present valley bottoms. 
Moat of these channels are centrally located with reference to the bedrock slope of the present 
valleys; present streams occupy asymmetric depressions, one wall of which they follow closdy. 
The gravels are covered with “muck” (Alaskan term for black humus, fine sand, clay and silt), 
derived partly from the valley slopes and deposited in part by sluggish streams. Near the bead- 
waters of the creeks, the deep gravels merge with those of the pi^eeeut streams (383). 

The Tertiary stream placers of the Sierra Nevada, Cal, were covered by deposits of rhyolitic and 
andesitic tuffs and breccias in places 1 500 ft thick. The region was then elevated and a new stream 
system eroded the present canyons, some of which are 2 000 or 3 000 ft deep. Old gravels now rest 
as more or less connected remnants, on the summits between the modern canyons (307). Similar 
conditions, with basalt flows, ocour in Victoria. Near Nome, 7 buried beach placers have been 
found in the coastal plain, indicating periods of subsidence or elevation which shifted the position 
of the coast line. The richest is the Third Beach, lying 20 to 124 ft deep and 3 miles inland from 
the present beach, which it roughly parallels; it has been traced 5 miles, and contains placers like 
those of the present beaffi (384). 

Dry placers is a term applied co auriferous alluvials of various kinds, occurring in arid regions. 
They seldom lend themselves to large-scale work, but contribute a fairly consistent small output of 
gold from southwestern U B and Western Australia (Art 119). For description and for “dry- 
washers,” see Bib (409, 452, 506). 
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Fig 803. Beaoh Placers, Nome, Alaska (U S Oeol Surv) 
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118. CHARACTERISTICS OF PLACER GRAVELS 

Size of gravel varies from fine sand to boulders of several tons. Numerous large 
boulders may prohibit methods like dredging (Art 128, 129); they increase cost of hydrau- 
licking (Art 123) or other methods, as they must be broken by blasting or handled with 
derricks. Size of gravel affects the amount that can be washed or concentrated with a 
given volume of vrater, and hence the rate of return on invested capital. In general, the 
duty of water (Art 123) is highest for small gravel; duty may be reduced by very fine 
gravel which parks in sluices (Art 124). Best operating results are obtained with a gravel 
consisting of mixed sizra; pebbles assist in disintegrating clay, and sand increases carrying 
capac for stones. The term small gravel has various meanings in placer mining; thus, 
gravel containing stones to 6 or 8 in diam is small for dredging and large for shoveling-in 
(Art 121). 

Shape of gravel may be round and water-worn, sub-angular, nr angular. The duty of water in 
washing gravel is less with angular stones: also with those predominatingly flat. 

Character of fine or cementing material. Some gravels consist entirely of rounded 
stones with a little sand; others, of stones embedded in a clay matrix. At times the fine 
material is so solidified by chemical action as to cement the stones together, forming 
CEMENTED QRAVEDS. Loose gravel and sand are easily excavated and washed, but it may 
be difficult to hold the water in dredge ponds in such material. Values in deposits contain¬ 
ing much sand are apt to be "spotty”; extensive sand layers are usually barren. Stiff clay 
increaees cost of excavation; in dredging, it reduces output, increases repairs, and prevents 
free discharge of buckets. Some clays break up readily in water, others (“sluice robbers”) 
form balls that roil through sluices and pick up gold or amalgam. Cemented gravel 
increaeee costs like stiff clay, but to a greater degree; it prohibits dredging if much is 
present; it can often be broken by blasting prior to washing. A few California drift mines 
(Art 130) crush cemented gravel iu stamp mills. 

Depth of gravel affects applicability of different methods oi mining; see individual methods. 
Art 121-130. 

Character of bedrock. Gold is retained on soft creviced surfaces, where it would not 
lodge on hard smooth surfaces. In schists and slates (especially if they strike parallel to a 
stream course), clay, clayey sandstones and tuffs, gold may work down several feet; it 
also settles into minute crevices in hard rock; it has been found in solution cavities in 
limestone to a depth of 50 ft (.307). In a new locality, the character of bedrock may be 
inferred from surrounding geology; evidence from shafts or boreholes is more reliable than 
that from exposures in stream beds, in which decomposed rock would be eroded. Large 
boulders of adjacent country rock in the gravel usually indicate hard bedrock. Bedrocks 
of schist, granite, and some sandstone and porphyry, are usually decomposed to a depth 
sufficient to allow dredging. In one South American hydraulic mine, a granite bedrock 
is rotted to a depth of 5 or 10 ft; though barren, this material must be washed to recover 
the gold lying on it. In limestone and slate formations, bedrock is almost always hard 
and blocky, often with deep crevices. Creviced bedrock increases costs, as it must be 
taken up to recover the contained gold. In hydraulicking, hard bedrock increases cost of 
bedrock ditches. Bedrock of regular contour is desirable for all placer methods (385). 

Character of gold. Placer gold ranges in size from large nuggets to minute specks 
called "colors.” The size of colors is indicated by the number making 1(1 worth of gold; 
some gold in the Snake River, Idaho, runs 2 000 colors to 1(1. Gold usually occurs in 
flattened and rounded grains; angular pieces and crystallized gold, occasionally found, 
indicate nearness to the primary deposit. Fine gold is sometimes in thin scales, difficult 
to save; scaly gold and more rarely other forms may be coated with a film of SiOs, MnOj, 
or limonite, which hinders amalgamation. Fragments of quarts often adhere to gold, or 
form part of nuggets. Gold is commonly associated with particles of magnetite and 
ilmenite (“black sand”), garnet (ruby sand), zircon and other heavy rock minerals (307). 
If present in largo amoun*;:! black sand may pack in riffles of sluices (Art 125) and intwfere 
with gold saving. 

Lead in form of shot oeeun in placer districts where muoh hunting has been done; it is caught 
by gold-saving devices and is separjited at the time of dean-up; it generally pays to melt such metal 
and eeU it as base bullion. 

Placer gold varies in fineness (purity) from 500 to 999 (parts Au per 1 000); it is always 
alloyed with silver; sometimes copper is present; it is usually purer than that iu veins of 
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the Bftme dutrict; ita purity increases with the distance transported and with the decreasing 
sise of gndns. 

Distribution of ▼aloes may be the determining factor in choosing the mining method. 
Thus, all the gold in a deposit 100 ft deep may be concentrated on bedrock in a 4 or .Wt 
paystreak. A high-cost method like drifting (Art 130) may give more profit than cheaper 
open-cut work involving the handling of 95 ft of barren material. 

Prozen gravels of Alaska, Yukon, and Siberia must often be thawed by artificial means before 
they can ba worked (Art 128,130,131), £ven if they could be znlned like Bolid rock, thawing would 
usually still be necessary before sluicing. 

Buried timber occurs in many places in the tropics, and in placers where one or more psystreaks 
have been previously drifted; it is a serious hindrance to and may proUbit dredging. It may be 
waehed out of the bank in hydraulic mines and, if large, cut into pieces for hoisting by derricks. 
Standing timber increases cost of open-cut work by the cost of clearing, which, per ou yd. Varies 
invenely with the depth of gravel (385). u y . var w 

Swell of gravel upon excavation ie usually 20 to 30%, up to 60% for compact clayey gravel 
Swell may vary in different parta of same deposit: its determination is important in all sampling 
work, to avoid errors in estimating values. Several excavations should be made and the reeulting 
gravel measured loose in a wooden b->i holding 1 or 2 cu ft; the percentage of swell is computed 
from the volume of excavation. 

Vtlues in gravel are'expreased'in cents or dollars per cu yd, or per sq ft or sq yd of 
bedrock. Drift mines often report values per ton. Value per sq ft is the most convenient 
bans where most of the gold is in thin paystreaks. If 2 or more paystreaks overlie each 
other, total value per sq ft is obtained by adding values per sq ft of the separate pay- 
streaks; this is simpler than estimates per cu yd. Value per sq ft X 27 + depth in ft = 
value per cu yd. 

119. PAN, ROCKER, LONG TOM, “DRY” WASHERS 

The pan and rocker are used by prospectors in searching for placers, by miners for washing 
gravel on a small scale, and by engineers for recovering gold from samples obtained in placer 
examinations. 

Pan (gold-pan) is a circular dish with sloping sides; top diam, 10, 12.25, 16, or 16.25 in; 
depth, 2 to 2®/g in; side slopes, 35® to 40®. Fig 804 shows dimensions of the typical 
American pan, which weighs 1.6 to 2 lb; the 
Australian pan is larger. 

Pan should be light, hut stiff enough to stand - 
rough usage; inner surfaces must be smooth, bright, 
and free from grease and rust. If properly cared for, 
pans of polished steel meet these requirements, and Fig 804. Gold Pan 

are cheap. Agateware docs not rust, but easily chips. 

Aluminum pans are light, do not rust, but lack stiffness. Pans of copper, or with copper bot¬ 
tom and steel rim, are sometimes used for fine gold which will amalgamate; the bottom is ailver- 
plsted and coated with mercury. 

Operation of panning. The pan of gravel is placed in water, the gravel thoroughly wetted and 
stirred by hand to break up lumps cf clay, and the larger stones are picked out. The pan, still under 
water, is then given a shaking or gyratory motion, which brings the light material to the surface 
and allows heavy particles to settle; at intervals the pan is tilted and the surface material washed 
off. These processes alternate until nothing but gold and a little heavy sand is left, which is dried 
and the gold separated by blowing, or by a magnet (for black sand), or mercury is added to collect 
the gold as amalgam. In experienced hands there is little or po loss of gold (Bee 31). 

Field of use. Panning is slov/, back-breaking work; as the only tools required are a piok, shovel 
and pan, it is a favorite poor-man's method and is a common temporary expedient in a new district. 
The pan is indispensable for testing gravel when prospecting and for cleaning-up rocker and other 
concentrates in large-scale sampling and mining operations (Bee 25, Art 7). 

Duty of labor in panning. An experienced man can pan carefully about 100 pans of 
aver gravel in 10 hr; cemented gravel or sticky clay reduces this figure; duty increases 
with the percentage of coarse gravel, which need not be panned. A good panner rarely 
handles more than 1 cu yd aver gravel per 10 hr. 

Number of pans per cu yd of gravel varies with the swell (Art 118) and character of the 
gravel, and the amount put into the pan. 

On preliminary examinatioDs the value of gravel ie computed from number of pans washed and 
weight of gold recovered; a email error in the number of pans per cu yd may make a serioua error 
in the eetimate of value. Content of the ordinary pan of 16-in diam (Fig 804), computed as frustum 
cd a cone, is 321 eu in. If swell of the gravel is 20%, 1 pan level full holds 321 1.20 267 eu in 

of gravel in place; hence there are approx 6.5 pans (1 72S -f- 267) in 1 cu ft, or 176 pane in 1 cu yd 
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of gravel in place. If eaeh pan !■ heaped 1.5 in at the center, there will be only 133 pane per on yd. 
The number of pane taken aa equivalent to 1 cu yd in different districte is usually between 130 and 
150. At Fairbanks, Alaska, most miners compute values on the basis of 180 pans per cu yd; where 
this is done, 1 heaping load on a No 2 round-point shovel is considered a panful (386). Estimates 
based on panning are valueless unless made by a skilled panner, who is also competent to judge 
tile effect of local eonditiona. 

Bates is a flat conical pan, of wood or iron; its diam varies locally from 16 to 30 in. It is used in 
Mexico and South America (and in southwest U S for dry concentration of gravel); variations of it 
are employed by natives of India, Sumatra, Nigeria, etc (605). 

Rocker (cradle). Fig 4, Soo 25, ehowe one design. Gravel is placed on the screen; 
water is poured over it from a dipper, and at the same time the machine is given a rocking 
motion. The water and undersixe of the screen pass over the apron to the bottom of the 
rocker, and are discharged over the tail-piece, '^en the stones remaining on the screen 
are washed clean, they are removed and the pro.nesB is repeated. Most of the gold 
is retained on the apron; some is caught on the bottom, which may have cross-riffles. 
Clean-ups are made at intervals, depending on richness and character of graveL 

For saving fine gold, the material on the floor of the rocker must be kept loose end free, and spread 
evenly; clayey gravel, or that containing much fine black sand, often packs behind riffles and tail¬ 
piece and requires frequent clean-ups. Before cleaning-up, the material back of the tail-piece is 
removed, dumped into the screen and re-rocked; the apron is then lifted out and its contents washed 
into a pan for final concentration; Chinamen are sometimes expert enough to use the apron itself 
aa a vanning plaque. In sampling work, the rocker is thoroughly cleaned-up after each sample has 
been run through; the tailing must often be re-rocked to save fine gold. On large-scale sampling 
in clayey gravel, it pays to break up the clay in a puddling box ahead of the rooker. Wooden or 
galvanized iron pails are convenient for carrying samples to rockers. 


Table 104. Dimensions of Rockers in Different Regions 


Ex¬ 

ample 

No 

Length 
of bot¬ 
tom, ft 

Width of 
bottom, in 

Height of 
tail-piece, 
in (a) 

Screen 

Slope of 
bottom 

(5) 

Size, in 

Diam of 
holes, in 

Pitch of 
holes, in 

1 

5 

14 

1.5 

18 by 18.25 

0.25 

1.0 

1: 12 

2 

5 

16 

1.5 

24 by 21 

0.25 


1: 12 

3 


19(c) to i5((f) 



0.37-0.5 


1: 12 

4 


18 

0.75 

16 by 16 

0.5 

0.5 

1: 21 

5 


16(e) to 15(d) 

1.75 

20 by 21 

0.5 

2.0 

1: 11 

6 


15.5 

0.75 

23.5 by 15.5 

0.37 

1.0 


7 


14 


13 by 13 



1: 8 

8 


20 

6.75^1 

12 by 24 

0.25 


1: 12 

9 


14 

1 

36 by 12 

0 25-0.63 




(o) Heislit at center. Tail-piece is called "lower end-piece" in Fig 4, See 25. (6) Any desired 

slope is obtained by blocking up the frame on which the rocker rests (c) At upper end of rocker, 
(d) At toil-piece. 


Example 1. Rocker shown by Fig 4, See 25; recommended by Knox and Haley (385) for 
sampling, with the comment that most rockers are too high and short and therefore poor gold savers. 
Ex. 2. A Cal rocker, found by author to be heavy and clumsy; tail-piece unnecessarily high. 
Ex. 3. A large rocker used by miners (388). Ex. 4. From W. H. Storms (387). Ex. 5. A very 
satisfactory rocker, used by the author in sampling work. Ex. 6. From U. Waterman, Min A Sci 
Pr, Feb 20, 1009. Ex. 7. Design by S. O. Andros (389). A galvanized iron chute is used instead 
of an apron; gold saving is entirely by cross-riffles on the bottom. Ex. 8. A Cal rocker; screen set 
to cover only the upper part of apron, which is 18 in long; this forces all undersize of the screen to 
pass over the apron; reduction in ecreen area is compensated by the unusual width. Ex. 9. A Cal 
rocker, driven by a 1.5-hp distillate engine through an eccentric with a 1-iu. throw. Capae, 6 cu yd 
or more per 8 hr (617). 

Rockers should have tight joints, with corners strengthened by galvanized iron or sine angles, 
placed outside; 2 or 3 light tie-bolts (Fig 4, See 25) aid in preventing shrinkage or swelling. Rockers 
are sometimes built to knock-down for easy transport (387). Bottom board should be in 1 piece, 
free from knots and cracks, and of lumber which will not "rough up" when scraped in eleaning-up. 
If good lumber is not obtainable, the floor may be covered with canvas fastened by quarter-round 
strips tacked in corners. Canvas makes an excellent surface for saving fine gold. Rocker bottoms 
may be covered with blank which is taken up at intervals and washed in a tub; blankets are good 
fine-gold savers, but are ui-desirable in sampling work because of the dday in cleaning-up. Aprons 
are of canvas, or rubber sheeting with canvas backing; their covering is not stretched tight; a sag 
is left at the bottom. High rocker- are sometimes built with 2 or 3 aprons inclined in opposite 
directions and superposed, so that the tailing from one falls onto the upper end of the next; 1 apron 
is sufficient and more conveniev.t for ordinary work. Some Chinese rockers are apronlees; to save 
the fine gold they require expert operators. Screens are of galvanised or black sheet iron with round 
holes; 18-gage iron is heavy enough for small gravel; lO-gage better for coarse; Table 104 gives usual 
sises and spacing of boles, which are slightly countersunk on under side to prevent dogging. Fig 805 






















PAN, BOCEIIR, LONQ TOM, “dET” WASHBHS 


10-539 


show* neeQa&t aoroen eonatruolaon. Bcrean ia picked up and dumped by the rocking handle H 
and email block B, both being faatened to the aereen box. Very heavy rockera are undesirable; 
they ane hard to transport, and, like those having a large roll, are difficult to rock properly, l-in 
lumber, dressed to full 0.75 ia, is usually heavy enout^. 

Long rockers, if not too heavy, are more efficient than 
shorter ones for saving fine gold. 

Grade of rocker should be adjusted to character of gravel. 

Too flat a grade causes packing and loss of fine colors; less 
grade is required for light alluvium than for ttiat carrying 
much heavy black sand. 

Water required. S. O. Andros found that a rocker 
required 4 to 6 barrels of water per day, in washing 
samples of dry gravel; the larger amount for loose 
sand (389). Water can be reused by digging settling 
pools connected by a shallow ditch, if the gravel dues 
not contain too much clay. 

Duty of labor. A rocker may be operated by 1 
man, but 2 are better; they spell >‘'ich other in rocking 
and handling gravel and tailing. Purington gives the 
duty of 2 men rocking steadily as 3 to 5 cu yd of 
gravel (place measure) per 10 hr (390). Duty on samp¬ 
ling work varies widely with size of samples and ar¬ 
rangements for feeding. 

Field of use. For mining, the rocker is a prospec¬ 
tor's tool, or is used prior to larger-scale operations; 
it will work small rich deposits in regions of scant 

water supply. It is invaluable for washing samples in prospecting and examination. 

Long Tom is an open box L, Fig 806, having at its lower end screen S, punched usually 
ndth 0.6-in holes. Dimensions vary; Fig 806 represents early California practice (391). 




Hanning vater is carried to the head end by a small flume F. Gravel is shoveled into the Tom 
or into the flume F; it is shoveled over in the Tom and large stones forked out; the fines are worked 
through the screen, and with the water faU into a wide ‘‘rifl9e-box” (sluice, Art 124), set on a flatter 
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Fig 806. Long Tom (after Bowie) 


grade than the Tom. The gold is caught behind the riffles, with,or without aid of mercury. Capac¬ 
ity depends largely on the amount of gravel which can be shoveled into it; Wilson says that 2 men 
(1 shoveling to the Tom and 1 working on it) can wash 6 cu yd of ordinary gravel, or 3 to 4 cu yd of 
cemented gravel, in 10 hr (388). At times the Tom is operated by 4 men; 2 sfaovcling-in, 1 forking 
out stones, and 1 shoveling fine tailing away from the end of riffle box. Toms are now rarely used in 
the U S; where running water and grade are available, a simple sluice (Art 124) is as effective and 
requires less labor. A modified Tom 3-4 ft wide by 8-10 ft long, washed by surf, was used in beach 
mining at Nome (188). For crude washing devices of other countries, see Bib (392). 

“Dry-washing’* of ylacer gravel has contributed some gold from small-scale operations 
in districts where water is scarce, notably Western Australia, Queensland, and the desert 
areas of Sonora and southwestern U S. Gravels in these districts are largely (not exclus¬ 
ively) of residual origin or have been transported relatively short distances by torrential 
streams. Hence, the gold is comparatively coarse, and distributed erratically in both 
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depth and area, though bedrock enrichments are not unknown. Requiremebts for dry- 
washing arc that the gravel shall be thoroughly dry and disintegrated; cemented gravel has 
been worked, but only at added expense for disintegration, either mechanically or by slow 
and laborious hand methods. Clay is unworkable by dry-washing, and causes loss of gold 
when present. Mechanical separators, used in conjunction with power excavators, are 
rarely practical, chiefly because the gravel is dug faster than it can be dried; even in an arid 
region, subsoil may be damp. 

A widely used device is the Mexican dry washer (444). It is a shallow box, about 18 by 30 in, 
with a fabric bottom (such as 8-oa canvas) supported on wire screen, and having 5--8 crosa-rifllea 
resting on the fabric. Box is mounted at slope of and forms the stationary top of a bellows, 

whereby a pulsating current of air is forced upward through the fabric. Pulsating current has 
proved more effective than a steady flow, as from a fan. A screen with 3/s-V2-in holes is mounted 
at top, with a chute delivering undersize to upper end of separator, while oversize falls out.side. With 
this hand device, one man can treat 0 .'>-1 cu yd per day. A similar machine, with box 11 in wide 
by 40 in long, having its bellows operated through pulley and crankshaft from a 0 75-hp gasolene 
engine, was operated near Randsburg, C'al, in 1032 (16) at rapac of 0.8 cu yd per hr. For similar 
portable hand-operated apparatus, as used in W .Australia, see Bib (452). For other varieties of 
separators, both hand- and mechanically operated, see Bib (444, 445, 440). 

120. DEFINITIONS AND CLASSIFICATION OF METHODS 

Sluicing is a general term apT'Iie^l m.any forms of placer mining. A blittce is an 
inclined channel or trough, through which gravel is carried by a stream of water. Stones 
and light sands pass tluough and run to waste at the lower end; gold and other heaiyr 
minerals settle to the Ixitloin and are caught in riffles. A rifflk is a groove or interstice, 
or a cleat or block so placed as to produce the same effect, in the bottom of a sluice. Art 
124, 12,') give data on sluices and riffles. Wooden sluices (Fig S'i.'S) are sometimes called 
BOX-8LITICE.S; inclined ditches, in gravel or Ijcdrock, are gbound-sluices. Riffles in 
ground-sluices are formed by the natural irregularities of their bottoms. 

Table 10.5 outlines tho commoner eombinstioiw of excavating and transporting agencies used 
in open cuts for digging gr-ivd and getting it into sluices. (For underground methods, see Art 130.) 
Of the methods outlined, dredging and hyilraulicking are normally low-eost operations, suitable for 

■ liz wstvttnAe swnavxilo avY/1 Iawswa s«nrki4«il v»ll^A*•a /aw 


Table 105. Classification of Surface Placer Mining Methods 

Method Outline of Procedure Sec Art 


Ground-sluicing Lxeavation by riinaiug water aided by picking; gravel runs into 121 

sluices by gravity 


Shovcliug-in Gravel loosened by pick, and shoveled into sluice 


121 


Pick and shovel. Gravel loaded into wheelbarrows, cars on tracks, buckets, or 
with triumpoit stone-boats Transport by hand, animal, or power to sluices, 

or to an ineline elevaliiig gravel to sluice; gravel sometimes 
pumped to sluiee 

Plow and scraper Seraper may be hoisted up an incline to an elevated sluice 
Power scrape>r 


Dragline Dragline excavator delivers gravel to a sluiee, or more elaborate 

washing plant mounted on skids, w-hecls or rollers, to keep it 
wiiliin reach of excavator 


121 


122 


122 


Hydrauhekiug Water dischiirgcd under press from nozzles breaks gravel from 123 

bank and transports it to ground sluice; added water may be 
used to aid transport 

Dredging Mechunioal excavator (usually chain-bucket type) delivers to 127 

screen, sluices, jigs, etc, all mounted on a boat 128 


Dragline drsdgiug Mechanical excavator, usually a dragline, stands on shore of pond 129 

and deli’, ers gravel tc washer mounted on n bout_ _ 

Note. Work with elevators is not included (see Art 126). For vmIous forms of “River Mining,’’ 
such as wing-damming, fluming, etc, see 9th Ann Rep, Cal State Mineralogist, 1880, p 263. For « 
more detailed classificaUon, see Bib (181), 
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12L GROUND-SLUICING, SHOVELING-IN, HORSE-SCRAPING 

INTO SLUICES 


Ground-slnicliig. Fig 807 shows typical ground-sluicing in shallow creak gravels, 
where bedrock grade is steep enough to allow it. Sluice M is set at the lower end of the 
ground to be worked and a shallow trench T is dug, preferably on one side of the deposit. 
T is deepened to bedrock by turning a stream of water into it, and if necessary picking up 
the bottom, the material being washed through the sluice. On reaching bedrock the 
trench is widened by picking and caving its banks into 


the stream. Small plank or earth dams D, erected 
where necessary, throw the stream against tlic bank to 
aid in undercutting it and so minimising labor; their 
skilful use forces a stream to do considerable work with¬ 
out supervision during a night shift. Coarse gold 
remains on bedrock, finer gold is caught by the sluice 
rifQea. As the bank recedes, exposed l>cdrock is cleaned 
with shovels, hoes, hand scrape, s, brushes, and wires 
for digging into crevices; profits may depend upon 
thoroughness of cleaning, since gold tends to remain on 
bedrock (in some cases, no other means of recovery is 
provided). The concentrates may he cleaned up in the 
same or in a special sluice (Art 125). Large stones are 
forked out and piled on cleaned bedrock, as at B. 



PLAN 


Ground-sluicing has many variations. In Alaska, it is 
often used for cheaply stripping creek gravels covert by 
muck (-Art 118). Tundra and brush are grubbed and 
burned; subsequent sluicing may be done us in Fig 807, or 
the water may be led through several channels into which 
intervening ridges eventually cave; spring floods are thus 
used to advantage. Also, small streams of water may be Fig 807. Grouud-eluicing 

caused to trickle down the fare of the bank, cutting vertical (diagrammatic) 

channels; the ground between caves or is blasted or pried 

off. Thus, in 1911, Granville Mining Co, Dominion Creek, Yukon, stripped frosen muck 18 ft 
thick, the bank receding 4-7 in per day; est’d cost, with high a'ogcs, 10^ per cu yd of muck 
(393). Such work generally stops on reaching gravel. Ground-sluicing usee water as an excavat¬ 
ing agent where pressure water for hydraulicking is not available. 

Requirements for ground-sluicing: (a) Shallow gravel, rarely more than 6 to 8 ft deep. (6) Suffi¬ 
cient grade for the available water to carry the IcKisened aoil. Data covering different conditions 
are lacking. Granville Co (see above) sluiced muck on grades of 17 to 25 ft per mile; grades for 
gravel are much steeper, (e) Plentiful water. Hero again data are lacking. Longridgo (394) statea 
that it takes about 6 times os much water to move material in a ground-sluice as to do the same 
work in a boz-eluice. Scanty water supply may sometimes be supplemented by pumping back from 
aettling pools at end of sluice, (d) Dumproom for tailings at lower end of sluice may be provided 
by natural grade of bedrock or surface; drag-«crapers may move tailings from end of sluice. 

Duty of water and labor. Mead estimates that 2 men can move 20-30 cu yd max of gravel per 
day by ground-sluicing (395). A native laborer in Swaziland handles up to 10 cu yd of light tin gravel 
per shift, where a good stream of water is available (396, 397). In Colombia, in gravel 5-15 ft deep, 
a stream of 136 miner's in (Art 123} moved only 60 cu yd per day (385). Purington gives following 
data on stripping muck (50-75% ice) in Alaska. On Anvil Cr, Nome, 400 miner's in of water; 
bank, 20 ft high; grade, 4.5 in to 12 ft; duty of water, 10 ou yd per in per 24 hr. Elsewhere on 
Anvil Cr, a 4.5-ft bank of muck was stripped wotb 100 in o^ water; grade, 3 in to 12 ft; duty of 
water, 3 cu yd per in per 24 hr. On Crooked Cr, near Council, 55 in of water; bank, 4 ft high; 
grade, 4.5 in to 12 ft; duty of water, 3.46 cu yd per in per 24 hr (390). 

Table 106 gives data collected by E. D. Gardner and G. H. Johnson (16) at ground-duieing 
operations in western U S in summer of 1932; at some, a small part of available water was applied 
through nozzles; greater effectiveness of booming (described below), as compared with continuous 
sluicing, is indicated. Besides labor cost, expense for supplies was estimated at 2-4^ per cu yd. 

Booming ("hushing") is applicable where the water supply is inadequate for steady work. 
Water is impounded above the diggings; and by releasing it at intervals it washes gravel through 
the ground-flluicee. Booming is also used for stripping. Dams for booming usually have gates 
opening automatically when the reservoir is full. A vert or binged gate is common, controlled by a 
lever carrying an open box at outer end. The reservoir when full overflows into the box; the added 
wt lifts the gate, and the box then empties itself. Gates must be so arranged that the dam will not 
be injured by the rushing water. Booming strips light overburden cheaply. In 1904, on Ajnerican 
Cr, Alaska, an area 000 it long by 2.5 ft wide was stripped of muck and gravel 6 ft thick in 3 weeh^; 
costa, including dam and gate, did not exceed 7t per cu yd (394). See also (390, 301). Accordini 
to Wimmler (188) in 1927, ground-sluicing and booming in Alaska cost 16-35^ per ou yd; cost o2 
equipment, $350-$! 600 (excl ditches), of which $250-6500 represented cost of dam with automatie 
gate. See ako Table 106. 
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Tsble 106. Examples of Ground-sluidiig is 1939 (16) 



A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

Dftpth nf (ffftVftl. ft. 

5 

6 

IS 

8 

18 

20 

to 

15 

22 

20 


tight 

20 

med 

easy 

15 

med 

med 

med 

med 

med 

med 

med 


10 

IS 

10 

10 

IS 

10 

35 

25 

Bedrock.| 

soft 

soft 

not 

rough 

not 

not 

soft 

rough 

|soft| 

not 

clay 

clay 

reached 

porph 

reached 

reached 

I'stonc 

porph 

reached 

Aver water, nuner's in (a) — 

70 

60 

80 

60 

too 

70 

70 

10 

300 

500 







4 

2 

6 

24 

14 

BoomiDg water, miner's in (a). 
Booming durationi min . 






300 

650 

1 600 

7 500 

4 000 






27 

30 

13 

2.5 

IS 

Auxiliary water, head, ft. 

Nozzle diam, in. 

Moved by hand or derrick, %. 


6 


27 

15 

60 

1 

22 



2 


2 

2 



T 


40 

15 

15 

30 

20 

to 

20 

10 

30 

0 

Boulden, moved by. 

hand 

hand | 

steam 

der'k 

wheel 

barrow 

drag¬ 

line 

1 hand 

hand 

hand | 

hand 

der’k 

). 

Max size stnncs to slnice, in .. 

6 

4 

6 

3 

2 

6 

3 

6 

9 

15 

Sluice width, in. 

18 

18 

13 

24 

30 

IB 

22 

36 

38 

48 

Sluice, total length, ft (6). 

20 

24 

84 

16 

504(e) 

600 

36 

36 

192(d) 

1 008(e) 

Sluice gradct . 

10 

2.1 

2.8 

8.3 

2.1 

4.2 

8.3 

6.2 

6.2 

5 

Mon per shift. 

1 

2 

3 

1 

2 

4 

2 

1 

1 

9 

Gravel waslicd per man-shift. 








cu yd . . . 

2.75 

12 

9 

3 

18 

4 

18 

17 

32 

7 


A— Oil Clear Cr, Bluckhawk, Colo. B—Mouth of Kainloopa Cr, Granite, Colo. C—Calif 
Gulch, Cedar Cr, bupeiior, Mont. D—On Clear Cr, Blackhawk, Colo. E—Mouth of Kamloopn 
Cr, Granite, Colo. F—Willow Cr, Therma, N M. _ G—Calif Gulch, Cedar Cr, Laurin, Mont. 
H—Quartz Cr, Rivulet, Mont. I—Sauerkraut Cr, Lincoln, Mont. J—Swauk Cr, Liberty, Wash. 

(a) 1.5 cu ft per min. (b) KifBed throughout, uidess otherwise noted, (c) Riflled 250 ft. 
(d) Kfiied 96 ft. (e) Riffled 400 ft. 


Shoveling-in (t r, into sluices) has its simplest form in shallow creek gravels, where 
bedrock grade is steeper than is required for sluices (Fig SOB). Sluice S is on bedrock, with 

the lower end raised and flattened to give 
headroom for dump D. Added dump- 
room is obtained as needed by extending 
lower end of sluice. 


Gravel is excavated in transverse cuts T, 
or more often in longitudina] cuts L. Only 
the finer material goes through the sluice; 
large stones are piled on cleaned bedrock. 
Transverse cuts deliver all gravel at the head 
of the sluice, but require use of barrows for 
lateral transport in all but narrow pits; with 
longitudinal cuts the sluice must be shifted 
when the bank has receded about 12 ft from 
it, otherwise, shoveling cost l>ecomes excessive. 
In wide deposits, shifting may sometimes be 
avoided by feeding the main sluice from narrower and steeper radiating or lateral sluices. 

Water is conducted to head of sluice in flumes, pipes, or canvas hose. On Seward Peninsula, 
Alaska, “flume hose’’ is commonly 12 to 14 in diam, of 12 or 14-os duck, sewed with 3 seams. It is 
light and flexible, but begins to rut after about 4-mo service (398). If a stream flows in the creek bed, 
water is dammed above the diggings. 



Ideal conditions as in Fig 808 are rare. The required grade must often be created 
artiflcially, by excavating under the sluice, or by mounting it on trestles (Fig 823). The 
elevated sluice is erected cheaply and quickly; it is often the only means of obtaining 
durnproom; bedrock trenches facilitate shoveling, but are too costly if deej) or in hard 
rook. In Alaska, wherever feasible, muck and top gravels are first removed by ground- 
sluicing; the underlying pay, rarely more than 5 or 6 ft thick, is then worked by shoveling- 
in. Baixen gravel often overlies the pay; where grades do not allow thi.s to be ground- 
sluiced it is removed with narrows or scrapers; only the pay gravel is sluiced. 

Sluices, riffles, grades, water, clean-ups (see Art 124, 12r>). 

Drainage of pits. Ideal condit'on is a self-draining pit (Fig 808). Where grades are 
flat, dams are generally necessar.v, both above and below the area worked; they arq built 
cJ eaply, of logs, earth, or brush (see Sec 43, Art 16). 

Seepage is preferably removed by bedrock drains, on grades as flat as 1.5 in per 100 ft; they are 
started on the surface at the proper distance doamstreum to reach bedrock at the lower end of the pit 
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And then continue on bedrock grade, Purington (390) gives following data on Alaskan practice, 
which is fairly typical. Drains are usually 2 ft sq, lagged with horis poles held at 4>ft intervals by 
posts and caps. After the first cut in the pit is taken, the drain is covered with logs and moss laid 
on the cape. For small operations, 10 by 12«in bos-drains of 1-in plank are adequate. A perforated 
standpipe should be placed over the drain at the lower end of the pit; drains may require flushing 
to keep them open. In the Fairbanks District an open unlagged drain, 3 ft deep by 3.8 ft wide, took 
2 men 6 weeks to excavate. Lagged drains in hard ground may be costly. Seepage may be pumped 
out. The cheap homemade China pump, operated by an overshot waterwheel, can be used only 
when there is more water than is re¬ 
quired for sluicing. Pumping costs Tabl® 107. Duty of Ubor ShoveUng into Sluices 

in Alaska. Purington (390) 


more than drains. 


Duty of labor in sboyeling-in 
varies with height of bank and char¬ 
acter of gravel and bedrock (Table 
107). Shovelers can throw to 
heists of 6 to 8 ft (9 ft limit); 
for greater heights platforms must 'xi 
built and the gravel re-shoveled 
from them. During boom years in 
central Alaska, 7-8 cu yd per shift 
was considered aver man’s work. 
The time required for careful clean¬ 
ing of a creviced bedrock materially 
reduces the shoveler’s aver output. 
Table 108, from Gardner and John¬ 
son (18), gives data on 6 shoveiing-in 
operations in western U S active in 
summer of 1932. 

Limitations and costs. Shovel- 
ing-in is adapted to shallow gravels. 
It is simple, does not involve 
large expenditure for plant and can 
installing mechanical excavators 


Location 

Depth of 
gravel, 
ft 

Height 
of lift, 
ft 

Klondike (a). 

2 

9 

Biroh Cr (b). 

American Cr. 

4.41 

tc) 

Fairbanks (e). 

3.0 


Nome (/). 

5 to 7 


Solomon River (g) . 

3.0 


Council Dist (A). 

3.5 



Cuyd 
per man 
per 10 
hr 


3.5 
5.0 

2.75 (d) 

7.5 

5.76 
3.75 
6.63 


(a) 2 men, platform used, (b) Aver of 12 opera¬ 
tions. (e) Height of lift not over 6 ft. (d) Large ooid- 
ders interfered with work. At one point, a 5-ft bank 
was shoveled at rate of 4 cu yd per man-shift, (e) Aver 
of 3 operations; lifts leas than 5 ft; some bedrock talmn 
up. (/) Aver figures; Pioneer Co, on Anvil Creek, 
3-ft bank, obtained a duty of 9 cu yd. (g) High lift 
and irregular bedrock, (h) Aver figures, including 
one 3086 where, on a limestone bedrock, with a double 
lift, duty was 3.5 cu yd; another where, with 8-hr shifts, 
3'ft bank and 5-ft lift, duty was 12 cu yd. 


be carried on in remote districts where cost of 
would be prohibitive. In Ai.aska, where labor and 
supply costs are high, the cost of plant, including dams, drain ditches, water ditch, and 
a stoing of 10 sluice boxes (Art 124), is from $500 to $2 000 (390). The method has the 
great advantage of aliow'ing careful cleaning of bedrock. Operating costs vary widely 
with wages and duty of labor; only rich gravels can be worked at a profit. Wimmler (188) 
in 1927 quoted following cases from Alaska where overburden was removed by booming 
or ground-sluicing, and pay gravel worked by shoveling-in; all costs are per cu yd; 

(1) Hot Springs dist; cut 50 by 500 ft; frozen muck and some gravel boom^ to depth 
of 26 ft for 7^; shovcling-in of 2.5 ft of gravel and bedrock, $2.30; combined cost, 30)^. 

(2) Little Minook Cr, Rampart dist; cut 12 by 600 ft; 18 ft of nnick and gravel boom^ 
for 18ff; shovcling-in 2 ft of gravel and bedrock, containing 50% boulders. $2.20; com¬ 
bined cost, 38(f: iJiis was a fourth cut and cost less than first. (3) Little Minook Cr; a 
first cut 12 by 1 000 ft boomed 7.5 ft deep for 22ti; shoveling-in 2 ft of gravel with 60% 

boulders, $2.80; combing 

Table 108. Examples of Shoveling into Boxes, in 1932 (16) ^ost, 77^. (4) Greenstone 

Cr, Ruby diet; pit 60 by 
200 ft; sod stripped by 
hand; muck and gravel 
ground-sluiced to 6-ft depth 
for 38^; ahoveling-in 2 ft of 
gravel, $1.65; combined 
cost, 70^ (5) Greenstone 

Cr; bench deposit with 
favorable grade; ground- 
sluiced 10 ft of muck and 
gravel for 26f5; ahoveling-in 
1 ft of gravel for $2.66; 
combined cost, 47fi, ind 
deprec. Elsewhere, coiu- 
bined costs are 25^-$l per 
cu yd. 



A 

B 

C 

D 

E 

F 

Depth worked, ft.... 

2 

6 

6 

2.5 

4 5 

6 

Character. 

loose 

tight 

tight 

tight 

loose 

med 

Boulders over 6-in, % 

0 

30 

20 

50 

10 

5 

Bedrock. 

none 

day 

even 

rough 

none 

even 

Sluice, width, in. 

8 

8 

12 

12 

10 

8 

" total length, ft 

24 

96 

64 

36 

36 

60 

" riffled, ft. 

12 

8 

64 

12 

12 

28 

" grade, in per ft 

1 

1 

7/18 

Vi 

T 

0.6 

Men per shift. 

2 

4 

4 

2 

2 

2 

Cu yd per man-ehift.. 

10-15 

6 25 

5 

1 

3.25 

4.75 

Rehandled, % . 

5 

10 

0 

50 

0 

0 


A—On Feather River, Orcville, Cal. B—Mary Ann Cr, Oroville, 

Wash. C—Peshastin Cr, Blewett, Wash. D—Peshastin Cr, 

Biewett, Wash. E!—No OieSr Cr, Blackhawk, Colo. F—Bear Cr, 

Bearmouth, Mont. 

Cara and barrows for loading sluices. Fig 809 shows radiating tracks for small mine 
cars (Sec 11). To use this method the head of sluice must be at or near the level of bedrock, 
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wbioh must have a fairly regular contour. Barrows may be used similariy and on rouidier 
bedrook by laying plank runways. 

Inclined barrow runways, for loading an elevated sluice, are usually at right-angles to the sluice, 
for working by longitudinal cuts (h. Fig 808). For cost of barrow and car work, see Sec 3, 6. An 
objection to them is that they dump large amounts at one time; this makes the flow in the sluice 
uneven, causes clogs and is not conducive to good gold saving. If the eluice can be loaded at a single 
point (Fig 809), a dump or “mud-bos” (Fig 828) decreases these troubles and allows forking out 
of large stones. 

Scraping into sluices, with drag or wheel scrapers, is possible in small gravel on soft rock; Sec 3 
gives details and cost of scraping. Puringtun gives following data for Alaska (390): A 2-botBe wheel 
scraper, working in smaU gravel on soft achist bedrock, handles 30-40 cu yd per 10 hr at about 
one-third the cost of aboveling-in; 1 plow loosens for 4 scrapers. Scrapers dump through a hatchway 

in a platform over head of eluice (Sec 3). ExamplU 
from western U S (18) in 1932. (1) Horseshoe 

Bend on Green River, below Vernal, Utah. Loose 
gravel 4 ft deep, no bouldere over 8-in and no clay; 
gold very fine, black sand abundant. Man and 2 
boys, witii team of burros and 3.8-cu ft slip scraper 
handled 6.5 cu yd per day, loosening by hand and 
scraping 25 ft to hopper and screen at top of sluice 
20 ft long; water pumped by 1.5-hp gasolene motor 
from nearby river. Eat working cost, |1 per cu yd. 
(2) Tailings from Blue Channel drift mine Folsom, 
Cal; originally partially cemented, but disintegrated 
by several years’ weathering; some clay but no 
coarse boulders; gold somewhat rusty. Tractor 
with 7-cu ft scraper dragged material 300 ft to 
screen and hopper; bucket elevator raised it 26 ft 
to head of 12-in sluice 110 ft long. Water pumped 
from old shaft, 20-ft lift. Black-sand concentrates amalgamated in small concrete mixer; final 
recovery in a short sluice. Two men handled 20 cu yd per shift; total gasolene for tractor, elevator, 
pump, and amalgamator, 25 gal per shift; eat total cost (labor & 40|i per hr), 62^ per cu yd. 



Fig 8()0. Loading Sluice with Cars (after 
Y oung) 


122. DERRICKS, CABLEWAYS, INCLINES, 
MECHANICAL EXCAVATORS 

Except for certain applicatiima of dragline excavator, these devices are now seldom 
used. They have been successful mechanically, but, as opeiating costs are high com¬ 
pared to dredging (Art 128), gravel must he richer to yield a profit. Many installations 
have failed financially, through failure to recognize this fact and ignorance of limitations 
of different types of equipment. 

Derricks may be used in shallow open cuts in the following ways • (a) gravel is shoveled 
into barrows, wheeled to a fixed point and dumped into the derrick skip or bucket; (6) 
gravel is shoveled into at.iiie skips, or buckets mounted on small trucks running on rails 
and pushed by hand to within reach of the derrick boom; (c) grivel i.s shoveled into buckets 
which are slid along skids by the derrick tackle. Plan («) retpiirea greatest amount of 
lateral handling; miners spend much time in wheeling and dumping instead of picking and 
shoveling. Plan (c) is the most efficient in this respect. Derricking is adaptable to shallow 
beds, where the gravel must be elevated to sluices and where excavation and cleaning of 
bedrock are necessarily done by hand. 

Cableways (Sec 26) with self-dumping carriers (Art 130) arc sometimes substituted for derricks. 
Operating cost is higher than for the derrick when used as above, because cableways involve tramming 
and dumping at a point under the cable. The automatic dumping carrier is of little advantage, 
sinoe a man on the dump box is always necessary. For a large installation in Montana, see (409). 

Alaska. Data from N. L. Wimmler (188) in 1927. Method of shoveling gravel into barrows, 
wheeling to bucket, hoisting latter up an inclined cableway, and dumping it automatically into sluice, 
was still employed in 1924 at a few small mines in the interior district, where necessary sluice grades 
and dumproom were not otherwise obtainable. iSuch pits rarely exceeded 1.50 ft diam. Shoveler 
spent I/ 4 -I /3 of his time wheeling to central point, where bucket, holding 2-5 barrow loads, rested 
in a pit with its top level wi(i> i unways. Shoveling duty of 7-9 cu yd per day was good work. Steam 
hoists were 5-15 hp. ExAMviixa; (a) On Ophir Cr, Iniioko diet; overburden (18 ft of frosen muck 
and 4 ft barren gravel) was gmund-eluieed for 164 per eii yd; 5 ft of gravel and bedronk wae mined 
as above for 81.75 per cu yd; combined cost for 27-ft depth, 424 per ou yd. (6) On Chatham Cr, 
Fairbanks diet; 10 ft of overburden was ground-sluioed for 16e, and 4 ft of gravel and bedrock mined 
as above for 81.25 per yd; combined cost for li-ft depth, 484 P«r cu yd. 

IncUnea were sometimes used in Alaska for hoisting from a pit to head of an elevated 
sluice. From foot of incline, a system of radiating tracks was laid on floor of fairly 
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levd pit, over which care loaded at edgea of pit were trammed by hand; hoiata were 
operated by ateam. Fig 811 ahowa a umilar method of hoiating in cara loaded by 
Boraper. 

Power acrapera (Sec 3, Art 6; see also Art 91, and Bee 27) are adapted for mining and 
elevating gravel from shallow placers; unsuited to hard or blooky bedrock; a soft, even 
bedrock may sometimes be cleaned with scrapers, but final hand cleaning is usually necee- 
aary. Power scrapers are also advantageous for removing tailings from ends of sluices. 
Lwge heavy scrapers are generally used; small drag or wheel scrapers are too light and too 
difficult to hold while loading when drawn by power. Examples follow. 

Auburn, Calif. Gardner and Johnson (18) describe use in 1932 of a power scraper at 
Mammoth Bar. As in Fig 810, a 1 ^/g-in track cable was stretched from top of a 64-ft mast 
(a spruce tree 24-in diam at bot¬ 
tom and guyed with ropes) 
to a bridle rope stretched across 
the river 700 ft downstream. The 
loaded 1-cu yd Page bucket was 
hauled at 300 ft per min by hoist 
with 05-hp gasolene engine and 
1.26-in rope, returning empty by 
gravity at 1 200 ft per min. A 
grissly at top of hopper was about 
20 ft above ground. Most digging 
was under water; upon completing 
removal of the expected 100 000 
cu yd, it was intended to pump Scale, icet 

out the pit and recover any missed Fig 810. Placer Mining with Power Scraper, 

gravel, while also cleaning bedrock Auburn, Cahf 

by hand. 

Sierra Leone Goldfields, Ltd (448) was operating in 1932 in a narrow valley of the 
Pampana River, West Africa, at a point 12 miles from nearest motor road. Topsoil nearly 
barren; richness of gravel increased with depth, but main pay was in upper 2 ft of bedrock 
under gravel which required blasting; total depth excavated, 10-25 ft. Gold varied from 

small nuggets to almost dust. 




Fig 811. Bagley Scraper uith Incline and Auxiliary Hoist 


Sauerman slack-lino cableway with 
1-cu yd bucket (scraper), centered 
on one side of channel, excavated 
semicircular area with 600-ft radius, 
discharging into hopper about 50 
ft above ground level; operation 
repeated after moving equipment 
1 200 ft upstream. Sluice, of steel 
pans 12 ft long, 4 ft wide, 2 ft high, 
bolted together, was 200 ft long; 
riffles of steel rail rested on coarse 
wire screen. Natives raked the 
gravel down sluice; water flumed 
from intake 2 miles upstream. 
Heavy sands were collected every 
10-15 days, rewaahed on 12-in 
sluice, 15 ft long, and finally 
panned. Crew, about 50 natives. 

Alaska. Steam-driven scrapers 
were’ widely used in the interior 
districts, but by 1924, according to 
■Wimmler (188), few remained in 
operation, due to diminishing aver 
value of deposits for which they 
were suitable. Conditions favor¬ 
able for scrapers: (a) large areas of 
shallow gravel; (b) freedom from 
large boulders; (c) soft and rela¬ 
tively smooth bedrock, not too 


deeply fissured; (d) unfrozen gravel; (e) pit free from water, by natural drainage, bed¬ 


rock ditches, or pumping; (/) requisite sluice grade and dumproom not otherwise obtain¬ 


able. Scrapers were usually Bagley (bottomless) or slip. 
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Bagley acnper, at larger mines, dragged gravel to a central point, discharging into a 2.6-4-eu yd 
oar at depressed loading station; ear then hauled up incline and dumped automatically into head of 
sluice. Scrapers 3.5-6 ft wide, 1.25-2.5 cu yd capac, and weighing 3 100-4 125 lb, proved more 
suitable than larger ones. They were operated by S-drum hoists driven by 2-ryl, S by 10-in to 10 by 
12-in steam engines; ample power was essential for economical work. Under good conditions, 
scraper made ,30-50 tripe per hr; usual range 15-40 cu yd per hr into sluice. Fig 811 shows typical 
arrangement of larger mines in Fairbanks dist. Total depth worked, 15-35 ft, of which, pay gravel 
waa 6-8 ft, and bedrock, 2-4 ft. Area of pits, 80 000-120 000 sq ft. Crew on each of 2 10-hr shifts, 

6-8 men. Power cost with 80-150-hp 
wood-fired boilers, 4.8|( per bp-hr; 
with 180-hp coal-fired boiler, 2.44 pcr 
hp-br. Cost of scraping and sluicing 
only, 45-004 pcr cu yd; total coat 
(inol stripping) to 15-35 ft depth, 
40~fi04 per yd. Equipment invest- 
ment, $15 000-825 000. 

sup scraper is restricted to shallow 
deposits; other conditions as above. 
Usual capac, 0.76 and 1 ou yd, but 
load arriving at sluice is often only 
0.5-0.75 of capac. In typical work 
(Fig 812} scraper requires 2 men at 
loading point, but discharges into 
sluice automatically at top of inclined 
runway. On completing a cut the 
width of scraper (4-4.5 ft) and about 
1 ft deep, toil sheave B is shifted 
along the anchor cable, which is 
fastened to a row of deadmen across 
fur end of pit; max length of pit, 
about 300 ft; width usually about 
half the length. With 150-300-ft 
haul, scraper can make 10-30 trips 
per hr; usual range, 60-125 cu yd 
delivered to sluice per 10-hr shift. At 
a 65 000-eq ft pit in Inmoko dist, 4 ft 
of overburden was ground-sluiced for 
144 per cu yd, and 4 ft of gravel and 
bedrock were put into sluice by 13 men 
with a 0.75-yd scraper in 95 days, for 
per cu yd; combined cost to 8 ft 
depth, 874 per cu yd. Boiler, 40-bp, 
Fig 812, Slip Scraper dragged up Incline burned a cord of wood per shift; no 

pumping required. Plant, excluding 
ditch, cost $6 .500. At another pit in same diet, 150 by 230 ft, after removing 10 ft of muck for 74 
per yd, crew of 6 men, with 0.75-yd scraper, nio\ed 0 ft of gravel and bedrock in 74 10-lir shifts, 
at 11.35 per ou yd; combined cost, 544 per yd No pumping required; .50-hp boiler drove 3-drum 
hoist; equipment cost 87 000. In Hot Sprinuh dist, at a pit 140 by 200 ft, 4 ft of muck and top 
gravd were ground-sluiced for 154 per yd; 7 ft (10 600 cu yd) of gravel and bedrock were mined 
and sluiced by 7 men and 1-yd scraper in 110 10-hr shifts, at 81.32 per cu yd; combined cost, 864 
per cu yd. About 100 miner's in of water were pumped. Two 40-hp boilers burned 4 cords of 
wood per shift. 

Power shovel has rarely been a commercial success in gold placer mining, though it sug¬ 
gests itself for use when hydraulicking is prohibited by lack of water and grade (165,385.390, 
401, 402). Failure due to one or more of following causes: (a) attempts to dig frosen 
gravel; (5) hard liedrock which can not be dug by shovel and must be cleaned by hand at 
large expense; (c) lack of mobility, as comiiared with hydraulicking; a serious drawback 
which leads to costly deia5’3; (d) failure to provide transport and washing facilities in 
proportion to its digging capac; it is therefore idle much of the time; (e) gravel is delivered 
from dipper or cars intermittently and in large amounts; the sluice or other gold-saving 
device is first over- and then underloaded, resulting in a loss of gold. Storage bins and 
automatic feeders ahead of the sluice obviate this difficulty, but entail added headroom 
and greater first and o^'t-rating costs; (/) trouble with disposal of tailings from sluices or 
washing plants. Some of these difficulties have been due to improper management, but 
item (c), probably the most impo; tant, is inherent in the power shovel. 

Shovel mining of placer tiu in Nigeria. Data from W. £. Sinclair (449) in 1933. 
Cassiterite is commonly concentrated in a 3 to 4-ft bed of “wash,” a hard, cemented gravel 
with streaks of tough clay lying on bedrock of decomposed granite, and covered with up 
to 100 ft of tenacious clay, hard and tough when dry, sticky and treacherous when wet. 
These and other conditions (bedrock usually lower than natural drainage level, scarcity 
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of water during 6 mos and lack of storage facilities, generally level topography) favor use of 
power shovels, with gravel pumps for lifting the tin-bearing material out of pits. 

One successful operation employed a 300-ton, full-revolving steam shovel, with 6-yd dipper 
and 05-ft jib for stripping a through cut 60 ft wide at bottom, followed by a caterpillar-mounted 
steam shovel witb7/g-yd dipper; the latter took up only half the width of "wash" exposed, leaving 
other half as a bench for the return trip of stripping shovel. Thereafter, lateral stripping was 
dumped on the area previously occupied by "wash"; 17 ru yd of overburden bad to be moved to 
expose 1 cu yd of wash. The small shovel loaded into l-cu yd, side-dump care, hauled by gasolene 
loco to end of cut, and dumped into a sluice leading to gravel-pump sump. An 8-in centrif gravel- 
pump, driven by 90-hp steam engiue, raked the mixture 65 ft to sluice boxes at top of bonk (Art 126). 
Striphno at 2 500 cu yd per day (not full capac) coat ui pence per cu yd; furi (coal @ £3 per ton, 
del’d), 2.49; white wages, 1.19; native, 0 75; oil and stores, 1.15; repairs and spares, 0.44; overhead, 
0.3S; total, 6.4d. Mimimq of "wash,” pence per cu yd: breaking, loading and hading (800 ft), 6.80; 
labor at gravel pump, 1.32; labor at sluice boxes, 1.90; white supervutiou, 5.14; coal, 5.72; oil, storee, 
and repaire, 2.36; management and miso, 1.99; total, 25.23d. 

Inca Placers, Lumberton, Fort Rteele Div, B C. H. Sargent (399) in 1938 described 
operations by Consol Min & Smelti'. g Co, Palmer Bar Cr. The deposit of unsorted gravel, 
400 ft wide and 1 12 mile long, parallel with stream and 5-30 ft alxivo its level, is unusual 
in that gold (fairly coarse) is confined to upper 3-6 ft; of several drill holes to bedrock, the 
deepest showed 200 ft of underlying barren gravel. Boulders large and numerous, but 
barren overburden is absent. Water from a dam 0.5 mile upstream is fiumed along upper 
edge of deposit. 

Methods used; (a) Hand shoveling into eluiccs running downhill from the flume towards the 
creek; limited to small areas, and generally unprofitable, due to boulders, (b) Digging by Diesel- 
power shovel, discharging on belt-conveyer 70 ft long (gasolene-driven) which elevates gravel to 
upper end of a sul>stantial line of sluice boxes; conveyer is mounted to permit shifting along the 
sluice, (r) Use of 2 auto-trueks to carry gravel from power shovel to foot of conveyer. Trucks are 
loaded from a movable pocket covered by grizzly with 6-in spacing; oversized boulders stacked by 
same sbovcl, but largest arc not moved from the pit. 

Dragline excavator (Art 97 and Bee 3) has recently attained cnnsiderablo prominence in 
placer mining, both in deposits of dry gravel and in those of wliich part or nearly all is 
excavated from under water. The dragline has many of the drawbacks of the power shovel 
and can not dig as hard material, liaiidle boulders so readily, nor work successfully on an 
irregular rock surface. But it is more mobile and has these distinct advantages: (a) it has 
a wider digging radius, hence less frequent moves are necessary; (b) it stands on the surface 
and dumps at a considerable elevation above its track; thus grade for sluices may be 
obtained without a separate elevating device, under conditions impossible for a power 
shovel standing on bedrock; (c) the oi>crations of loading, tramming and elevating cars, 
common to many power-shovel operations, are rarely necessary; the long boom of the 
excavator enables it to do its own transporting and elevating. Dragline excavators can 
also mine small yardages of loose gravel which would not warrant installation of a dredge. 
Following examples illustrate applications of the dragline for excavating, transporting, 
and elevating gravel to movable sluices or washers. Por use of dragline with floating wash¬ 
ing plants (Dragline Dredging) see Art 129. 

Atlantic City, Wyo. Data from C. L. Ross and E. D. Gardner (118) in 1935, on dng- 
Lne excavator and track-mounted washer operating in 1933-1934 along Rock Cr. Elev, 
7 600 ft. Channel 100-250 ft (aver, 200 ft) wide. Well rounded and easy digging gravel, 
0-12 ft (aver 10 ft) deep, containing few boulders; 65% of material washed was below 8 / 4 -in 
diam. Upper 3 ft was barren soil; bedrock, dioritc schist decomposed to depth of 2-5 ft 
into tough blue clay, sloped 2° (not enough for sluicing). Most of the gold, rounded and 
relatively small, was in lowest 6 in of gravel; higher gravel carried Sff per yd; black sand 
not abundant. Excavator was a caterpillar-mounted draglinb, with 60-ft boom and 1.25-yd 
bucket when using gasolene; 1.75-yd with 40° fuel oil. Hopper of washer was 27 ft above 
base of excavator. Washer (total wt 55 tons) moved on a pair of 90-lb rails, in 15-ft sec¬ 
tions, spaced 15 ft 7 in apart; each rail rested on tics at top of a 4-ft embankment (above 
bedrock) placed for the purpose by the excavator. Washer was carried on 7 wheels on each 
rail, and was dragged ahead, 15 ft at a time (4 times in 24 hr) by the excavator. Washing 
equipment: (a) hopper holding 3 bucket-loads; (b) trommel, 4.5 ft diam, in 3 4-ft acreening 
sections (5 ft blank at each end) punched with 0.25-, 1.5-, and 0.75 by 1.5-in holes; (e) 
5 parallel sluice boxes, 28 in wide, 12 ft long, 19-in drop, with iron-capped riffles 1.75 in 
hi^ spaced 1.25 in apart; (d) tailings sluice, 28 in wide, 72 ft long, with same riffling and 
grade aa the boxes and discharging 8 ft above bottom of cut; (e) stacker, a 26-in rubber belt 
40 ft long, with rise of 8 ft. Water (1.25 cu ft per sec) was drawn from creek at max dis¬ 
tance of 1 200 ft from the washer, through 12-in slip-joint pipe in 15-ft sections, one of 
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which was removed (or added) at each move of waaher. Centrif pump, with 764>p gaao> 
lene engine, gave a 60-ft head. Pump waa carried forward, in 1 200-ft steps, by the 
excavator. 


For OFSHATiNo pIjAN see Fig 813. Creek was first diverted into a ditch 50-100 ft outride the 
channel. Stripping to full width of channel was done on 2 tripe in opposite directions. A drain 
ditch was dug 4 ft into the decomposed bedrock along each side of channel, its material being 
dumped on top of exposed gravel, while overburden woe piled outside. Stripping was kept at least 
50 ft ahead of gravel digging, normally by stripping during night shift and digging gravel the other 
2 shifts; in Spring and Autumn, when freezing prevented washing, stripping might advance far 
enough to permit washing for a time on 3 shifts, when next resumed. Usual rate of stripping was 
1 000-1 200 (aver 1 150) ru yd per 8 hr. Gravel removed in 15-ft cuts across full width of channel, 
the dragline standing alternately to right and left of washer. About 18-24 in of decomposed bed¬ 
rock was taken up, with care 

___ _ to mix it with gravel to aid 

< _' i disintegration. During 240- 

.'o'.®.;.’ ' day season of 1034, plant ad- 

vanced 0 500 ft upstream, 
v ; washing 420000 cu yd (aver 
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Fig 813. 


Dragline 


Stripped preparatory to mining 


; -Average width of channel=200~ 


-Material excavated from 
ditches 


-Drainage dltclies dug- 
4 It Into bedrock 


"1^ ^JCll«'Uqc/ 

Dragline and Movable Washer, Atlantic City, W'yo 
(118) 


Calaveras County, Cal. 

Data from S. R. Fox (166) 
in 1935. Lidgerwood drag¬ 
line with OO-ft boom and 
1.5-yd Page bucket made 
cut 120 ft wide, dumping 
into 14 by 14-ft hopper of a 
movable waaher. Excava¬ 
tor had 60-hp boiler, fired 
with 1.5 cords of wood per 
9-hr shift. Washer, mounted 
on rollers on a plank-track, 
had 4.5 by 22-ft trommel 
punched with holes 

and a few 0.75-in holes at 
lower end to save occasional 
nuggets and provide coarser 
pebbles to counteract pack¬ 
ing behind riffles. Total 
length of tables and sluices, 
70 ft, of which 56 ft had 
Hungarian riffles (Art 125); 
riffles caught over 95% of 
total yield and about half of 
all the flour and flaky gold 
recovered; remaining 15 ft 
of sluice was fioored 'vith 
coconut matting under wire 


screen. Coarse tailings stacked by 24-in belt 40 ft long, disposal being aided at times by 
portable hydraulic giant. Water supplied by 10-in centrif pump, driven by water w'hoel 
under 300-ft head; sam- wheel drove 20-hp generator supplying 15-hp motor on tro-mmel 
and stacker. A 30-ft move of dragline took 10 min; of washer (dragged by tackle from 
dragline), 20 min; total moving tiuie of 3 hr w'as consumed mainly with water connections, 
using canvas tubing at elbow-3, with flexible and slip joints in metal pipe, total moving 
time probably would be about 1 hr. Total operating costa, 16.7^ per cu yd. 

Hilliboro dist, N M. Data from 0 M. Metzger (450) in 1938. Area of about 1 200 
acres in Dutch Fiat was being worked by 2 dragline excavators with 1- and 1.25-yd buckets, 
gnd a transportable washer having four 3&-in Ainiay bowls. One dragline was used for 
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atripping 2-6 ft of aoil, amounting to about half of total excavation; other drae^e for 
gravel, at about 300 cu yd per 8 hr. GrUsly over waBher hopper discarded boulders; gravel 
passed to trommel washer rejecting all over 0.26-in to stacker: undersize to Ainlay bowls, 
of which only 3 could be run when water was low. Tailings from bowls passed by Wilfley 
pump to coarse stacker, water being impounded for reuse. New water was pumped 4 miles 
from wells. Entire washing plant driven by 65-hp engine; fuel for this and all other equip¬ 
ment was gasolene. Washer, mounted on wheels, was moved by caterpillar tractor. Yidd 
reported as 50-75^ per yd; tailings, about 10^. Costs: excavating (incl stripping) and 
washing, 16-20^; pumping, etc, 4—Sfi; total, 20-25ff per yd, excl capital charges and royalty. 
One-shift work required 10 men at combined wages of $50. 

Willow Cr, Iditarod dist, Alaska. One dragline installation described by N. L. Wimmler (188), 
operated for several years after 1016, working 4-6 ft of light gravel under 12 ft of frosen muck; 
b^rock, soft slate decomposed to sticky clay on top. Bucyrus dragline with 60-ft boom and 1.6-yd 
Page bucket (weighing 3 700 lb), driven by 60-hp boiler, was mounted on skids and rollers. It exca¬ 
vated 1 ft into bedrock, uncovering 100 000-150 000 sq ft per season, or about ns much as could be 
cleared of overburden in that time by ground-sluicing. Aver pit, 110-120 ft wide by 160 ft long, 
required 5 positions of dragline, radiating about 65 ft from central dump box at bead of sluice. 
Water, 160 miner’s in. Labor cost (5 men), 657 per day; wood (1.25 cord), 825 per shift; no pump¬ 
ing required. In 1922 (good water supply) 130 000 sq ft (67 400 cu yd) of overburden was ground- 
sluiced for 9^ per cu yd. In HZ 10-hr shifts of 7 men, 24 100 cu yd of gravel and bedrock was treated 
for 28^ per cu yd. Combined cost, to 19 ft depth, 16^ per cu yd. 

Circle diet, Alaska. J. B. Mertie, Jr (463) gives following data on 2 similar operations 
in 1936-37. Mastodon Ck. Pay gravel in length of 0.75 mile varied 120-160 ft wide, 
12-16 ft deep, with 4-5 ft of overlying muck; bedrock was fissured mica schist. Aver 
diam of gravel, 12 in, with numerous boulders to 4-ft diam. Gold, fairly coarse, was dis¬ 
tributed through 5-6 ft depth of gravel (9 ft in some places) and sometimes penetrated 
3-4 ft into bedrock, of which 1,5 ft was normally scraped. Caterpillar-mounted dra glin e 
with 55-ft boom and 1.25-yd bucket was operated by 120-hp, 6-cyl Diesel engine. A bull¬ 
dozer was used to push gravel from margins of cut to within reach of dragline. Elevated 
sluice, completely enclosed and weighing about .30 tons, was moimted on 2 skids. Square 
dump Imx bad rail grizzly discharging larger boulders over the side. Sluice, 80 ft long, 30 
in wide, was of steel lioxes lined with wood; grade, 13.5 in per 12 ft. Croaa-rifBes were of 
steel rail, heads up, and 0.5 in apart at base. Sluice water was supplied at 4 200 gal per wiiw 
by 12-in pump, driven by 160-hp Diesel engine, and drawing from a dam downstream 
from workings. Under good conditions, 15 men could treat 1 000 cu yd per day. Dbad- 
WOOD Cb. Pay gravel aliout 250 ft wide, 6 ft deep, covered with 5 ft of muck, and resting 
on fractured bedrock, of which 2-4 ft was scraped. Gravel was well rounded, mostly 
smaller than 10 in (aver, 5 in) with few boulders as large as 2 ft. Gold fine (5-6 mg) 
and flaky, and 85% of it was on or in bedrock. Caterpillar-mounted, Diesel-driven 
dragline had 55-ft boom and 1.5-yd bucket. A bulldozer was used as on Mastodon 
Cr. Elevated sluice, on 8kid.<«, bad dump-box 7 ft wide, 34 ft long, with block rifSes, and 
50 ft of steel boxes 34.5 in wide, with Mn-steel cross-riffles; grade, 1.4 in per ft. A No 1 
giant with 4-in nozzle, working on gravel in dump box, was supplied with 4 000 gal per min 
by 10-in centrif pump driven by 97-hp Diesel engine; water came originally from 
a ditch, but within sufficient head. Crew of 17 men cleaned 3 000 sq ft of bedrock 
per day. 

Power excavators in general. Modern types are often constructed to operate, after 
necessary but simple alterations, as either shovel or dragline; full-revolving machines are 
most flexible; those of walking type have an advantage over caterpillar-mounted on soft 
ground. For use of draglines delivering to floating washers, see Art 129. For sizes, 
capac, digging and dumping radii and lifts of shovels an<^ draglines, see Sec 3, 27. For 
placer mining, dippers or buckets of less than 2-cu yd capac are usually preferred. For 
respective advantages of dragline and shovel, see paragraphs above. Table 109 ipves 
data on 5 placer operations using power excavators reported by Gardner and Allsman (165) 
as operating in 1937. S. R. Fox (166) offers following advice relating to draglines: (a) 
Small, light, convertible shovel-draglines, with 35- to 40-ft booms and 1-yd or smaller 
buckets are not satisfactory for placer mining; their short reach entails too frequent 
moves, and the light bucket will not dig efficiently at depths below 20 ft. (6) A 60-ft 
boom and the heaviest model of 1.5-yd Page bucket make the smallest effic combination, 
which should have about same capac as a 2-cu ft chain-bucket dredge, (c) For estimating, 
not more than half the max rated capac should be assumed as attainable; best basis is 
record of actual performance over 30- or 60-day period, (d) Washer should be designed 
for capac 20% greater than that of excavator. 
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Table 109. Data on Five Placers Using Power Excavators in 1937 (165) 



I 

II 

III 

IV 

V 

Aver depth gravel, ft. 

18-20 

15 

17 

40 

25 

Digging character. 

eoay 

easy 

easy 

hard 

hard 

Boulders over 12-in diam.. 

none 

many 

none 

5% 

few 

Clay. 

none 

little 




Bedrock. 

granite 

gran and sch 

vole ash 

serpentine 

tuff 

Excavator. 

dragline 

2 drags, 1 shov 

2 drags, 1 shov 

shovel 

shovel 

Dipper or bucket capacity. 






cu yd. 

1 

2 1/2 and 1 1/4 

2 1/2 and 1 3/4 

11/4 

3/4 

excavator boom, ft. 

50 

50 and 22 


21 


Excavator power. 

Diesel 

gasolene 

elec 

gasolene 

gasolene 

Aver dug per hr, cu yd.... 

(a) 100 

180 

240 

75 

62 

Hr per day digging. 

16 

15 

20 

16 

8 

Transport by. 

1 movable 

1 movable 

} movable 

trucks 

trucks 

Length of haul, ft . 

' washer 

■’ washer 

' washer 

900 

600 

Trommel holes, in. 

V4 

1 1/8 

1 1/8 

1 1/2 

3/8 

Oversize disposed by. 

belt 

belt 

belt 

truck 

belt 

Power for washer. 

elec 

gasol ne 

elec 

gasolene 

eleo 

Sluices, width. 

) 4 36" 

8 ® 14" 

12 @ 14" 

48" and 34" 

1 


> Ainlay 

8 @ 20" 



1 “> 

“ total length, ft. .. 

J bowls 

~52 

53 

86 

“ grade, in per ft... 


1 Vi 

1 1/4-1 1/2 

11/4 

1 

Riffles. 

nOZH! 

11 / 4 " angles 

1 1 / 4 " X 1 1 / 4 " 

1 Vi" X 11 / 4 " 

1 1 / 4 " X 1 1 / 4 " 



and corduroy 

angles 

angles 

angles on mat- 





1 

ting 

Stacker belt. 

18" X 48' 

36" X 100' 

48" X 120' 

none 

24" X 65' 

Water ronsumed, miner's 






io... 


205 

374 

223 

71 

Water supplied by. 

lO-hp pump 

puinpfl 

pump 

pump 

50-hp pump 

Shifts per day. 

2 @ 9br 

2 @ 1 0 hr 

3 @ 8 hr 

2 @ 9 hr 

1 @ 8hr 

Men per day. 

7 

(6) 22 

(c) 24 

(d) 22 

(e) 4 

Wages, )! per hr, weighted 







71 

(5) 70 

(c) 89 


72 


(g) $12 000 

$147 200 

$264 795 


(h) $30 000 

Operating coet, ^ per cu yd; 





4.4 

13 

4.6 



■mmnH 

1.1 

2 

2.0 

Power. 



1.9 

7 

2.4 




3.7 

n 

2.0 

General.j 



0 6 

2 

5 2 

Total. 

(k) (i) 8.0 

1 25 0 1 

( 1 ) II 7 

( 1 ) 35 

O') 16 2 


I—Pantle Bros. I-incoln, Cal. II—Humphreys Gold Corp, Clear Cr, Colo. Ill—Humphreys 
Gold Corp, Virginia City, Mont. IV—W. Von der Kelleii, Siskiyou Co, Cal. V—LaGrauge, 


(a) Incl stripping of 10-12 ft of overburden, (b) Excl 2 supts, 1 foreman, 1 time-keeper, 
(c) Excl 8 supts, foremen, and technicians, (d) InnI 10 truck ''rivers, but excl 6 supts, me- 
ehanics, etc. (e) Excl 1 foreman. (/) 500 sq ft of area. (g) Washing plant only. (h) All 
new equipment, (t) Excl depreciatiou. 0) In<sl depreciation, (i) Based on total yardage, 
incl sU-ipping. 


123. HYDRAULIC MINING OR HYDRAULICKING (See also Art 98.126) 

Term “ hydraulicking ” is applied to excavation of gravel banks by streama of water under 
prew from nosslee. Method was invented in Calif, 18.52, by K. E. Mattison; Bib (301) gives history 
of development. In the U S, most deposits suitable for hydraulicking have been exhausted or, 
until recently, wore unworkable due to legislative restrietions on disposal of tailings; recent govern¬ 
mental program of constructing debris dams bos permitted some revival of hydraulicking in Calif 
(464); (see Dumproom, below). 

General plan of work. Water is impouiidi>d in reservoirs, or diverted from streams, 
and conducted in ditches, flumes, and pipes to an elevated point above the placer and 
thence to the working face through pipes. Pipes terminate in giants or monitobb (Fig 
819), which control direction of jet. Hravel is broken partly by direct impact of jets, 
partly by undercutting and forcing hanks to cave. W'ater flows away from the face 
(inniRlIy in bedrock ditches), candying gravel to a sluice leading to a dump; the giants 
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often '‘pioe** fallrai gravel into the sluice, and "bank water" (see below) is often supplied 
for same purpose. As the face is washed away, the bedrock cuts and sluices are advanced. 
Cemented gravel banks may require blasting before they can be disintegrated by water 
(Bank blasting, below). Gold is captured chiefly in the sluice. 

Details of ’water supply and methods of opening and advancing working faces, arrangement of 
pipe linw, giants, sluices, etc, vary with local conditions; the accompanying cuts indicate diversity 
of practice (see also hig 843). Fig 814 shows ideal conditions of grade and dumproom; Fig 818, 
layout for a bench placer; Fig 816, a mine on a small stream (404), where bedrock grade (2.36%) 


Fig 814. Simple Layout for Hydraulicking Fig 815 Layout for Uydraulicking Bench Gravel, 
(after oung) Klondike (after Purington) 

was insufficient to provide dumiiroom, and tailing had to be elevated; the pit itself was used for 
a dump'sa work proceeded upstream. 

Tunnels are sometimes driven, to carry sluices to lower ground furnishing a gravity dump; 
also for opening placers, where local conditions prevent open-cut entry on bedrock. Thus, ic 
Fig 817, tunnel T is driven on sluice-grade to the 
loweet point of the bedrock, and connected with 
surface by 1 or more shafts, S. Gravel is bydrau- 
licked into the shaft, the timbers and protecting 
lining of which are removed as excavation is deep¬ 
ened. On reaching bedrock, the gravel bank is 
hydraulickcd to the sluice in the tunnel. Bowie 
states that 300-ft shafts in Calif were readily oper¬ 
ated in this way; their cross-sec was 3 by 3 ft to 
4.5 by 0 ft; tunnels were 7.5 to 8 ft high and 2 to 
3 ft wider than the sluice, to give room for construc¬ 
tion and cleaning-up (391). 

The principal problems of hydraulic mining 
are connected with water supply, sluice grades, 
and dumproom; the method appears simple, but 
has rigid limitations. Some small-ecale hydraulick¬ 
ing is successful, but as a rule it is adapted to large 
outputs; it requires large initial investment, and 
■killed management and engineering. 



Fig 816. Hydraulic Mine near Beauceville, Quebec 





Size end tenor of deposit must bo such as will amortise the investment required for itg 
exploitation and pay the profit desired. Minimum gold content that will yield a profit 
may vary with locality from 4 to 50^ or more per cu yd, depending on capital invested, 
rate of working, life of property, working costs 

and gold recovery. s 

Character of gravel and bedrock (see Art 

Water supply must be ample for required 

output. Spe^ of working determines rate pig giy. Hydraulic Mine opened by Tunnel 
of return, and depends largely on amount of (cross-sec) 

water available (see Duty of water, below), 

which is related to the press; a small amount under high press often breaks as much gravel 
aa a larger amount under a lower press. But the output is often determined by the sluice 
I—29 
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capac (Art 124), instead of the cutting oapae of the ^anta. Pressure must be sufficient 
to allow giants to be set at a safe distance from face and still do effective work. Giante 
usually operate under heads of 200 to 400 ft, occasionally 600 ft; less than 200 ft is i^t to 
give a low duty. Shallow creek placers of Alaska are hydraulicked on a small scale with 
heads of 35 to 100 ft; danger of sudden caves and slides from high bonks requires higher 
press, so that the giants may throw streams from a considerable distance. With heads 
over 600 ft, the requirements for heavy pipe, bracing, and anchorage become exacting (385). 
Numerous attempts made to pump water for hydraulicking have nearly all been commerci^ 
failures (390) (compare Art 98). 

Grade for sluices best adapted to most cases is 4-5%. Cost and difficulty of operation 
increase as grade flattens, until a point is reached where hydraulicking is impossible 
(Art 124). (jlrades may be increased artificially by use of elevators (Art 126). 

Dumproom must be available at end of sluice; it is compu^ from surveys, allowance 
being made for the swell of excavated gravel. 

A deep canyon, or a torrential stream which will carry away tailing, provides ideal dumps. 
Bench placers are usually well situated ns regards dumproom. Large dumps are built up on sloping 
ground by gradually extending lower end of the sluice (Fig 814); branch sluices are often inst^ed 
and the dump widened (fanned-out) as well us lengthened. In either rase, slope of the ground must 
be steeper than the sluice grade. Tailing must sometimes be impounded to prevent damage to low- 
lying mining or farming land. This condiliou may prohibit hydraulicking, due to impossibiUty 
or cost of installing and maintaining dsuriu daks, especially for large-scale work. Hydraulicking 
in the Sacramento and San Joaquin drainage areas, Calif, practirally ceased in 1803, when the 
Caminetti Act was passed, creating a Federal commission to regulate hydraulic mining and prevent 
further ailting-up of these rivers. For details of this act, and for types and construction of debris 
dams, see Bib (40.5, 464). Amendment of the Caminetti Act, and passage of the Placer Mining 
District Act by the Calif legislature in 1034, encouraged renewal of hydraulic mining in that State. 
Present Calif law permits erection of storage dams behind which the mines of the district may dis¬ 
charge their tailings upon payment of designated fee. At the privately owned Bullard's Bar dam, 
on North Yuba River (capac 80 000 000 cu yd), storage fee was originally 3^ per cu yd measured 
at pits; later reduced to with rebate for volume of boulders stacked in pit, which reduced storage 
charge to about 1.6^ per eu yd. 

Timber is necessary for houses, flumes, trestles, sluices, riffles, sluice linings, etc. For a large 
operation, a sawmill is usually required at the start, located preferably near the head of the supply 
ditch, either above or below where the water is diverted. 'Timber is then floated to points where 
it is needed. Cheap timber materially reduces costa (385). 

Worktng geagon is often limited by climate or water supply. Alaskan seasons vary 
from 100 to 120 days. Where climate permits continuous work, water is rarely available 
the year around, even with reservoirs for impounding flood waters and melting snow. 
Len^h of season, proper scale of operation, annual returns, and capital, are closely related. 

Summary. Requirements for successful large-scale work are rarely satisfied com¬ 
pletely. Adequate amounts of gravel, gold, w’uter and head, and a feasible working season 
are essentials. Lack of natural sluice grades and dumproom generally prohibits extensive 
hydraulicking, but may sometimes be met by use of some form of elevating device; the 
latter adds an operating and capital cost which may or may not be prohibitive. 

Miscellaneous data on equipment. Watbr buvply ia usually the most costly item; see Sec 38 
for general data on rainfall, runoff, reservoirs, ditches, flumes, and pipes. Flumes are preferable to 
ditches in all doubtful ground; both should be provided with turnouts and sand gates. Distributing 
reservoirs ore required near end of ditch to avoid wastage when giants are turned off; their number, 
eiie, and importance increase with the length of ditch and number of shut-downs that occur. Almost 
any reasonable expenditure is justified for preventing breaks in the supply system; constant opera- 

im ngmmn^iwl Imwerm Aii^neet mn/l )/kur #»rha^a A. C»1g1i*AaT''W ItnV iy na«*akmesie»vs eewsvam* 


Operation of i^entg. Banks are usually broken by tmdercutting and caving. Work¬ 
ing faces should be kept square and advantage taken of corners. Narrow pita or deep 
concave faces are avoided, as workmen are constantly menaced by falling material. 
Water should be turned away fiom a bank that is about to cave, otherwise the rush of 
caved material may reach the giants and men. Water cuts fastest where thrown against 
a bank at on oblique angle. Banks shaped as in Fig 815, with giants placed opposite a 
nose, allow effective use of water and reduce danger from caves, as the latter fall outward 
at right-angles to face and not toward the giant. Some Al as k an operators work creek 
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graveU 15-50 ft deep by eetting the giant on top of the bank and piping downatream, but 
the doty of water thus obtained does not indicate a hi^ affio (390). With 1 giant, part of 
the bank is caved, then with a larger nossle the fallen gravd is washed to sluices. With 
2 or more giants, Uxeir time is apportioned between caving and sluicing. Boostbb qiants 
may be used to drive gravel across fiat bedrock to sluices. Ruble elevator (Art 126), 
whm used, requires a separate giant, and another is often used (sometimes on^ periodi¬ 
cally) for spreading tailings piles. 

Number of giants depends on sise of working face, character of gravel, press and 
amount of water. Practice tends towards use of a small number of large giants, rather 
than a larger number of small onra; the former cut faster and save labor. Giants are 
placed to command as much of the face as possible, to work advantageously in a combined 
attack on one point, and as near the face as is safe (406). For best results, at least 2 giants 
and 2 working faces are required, so that hydraulicking may proceed on one face while 
boulders are being removed from the other (394). 

Height of face for economical work is normally limited to a max of lSO-200 ft; higher 
banks are usually worked in benches. Conditions allowing high benches are: high water 
press, compact gravel that docs t'ut "run” when caved, and a wide pit. Where the 
bottom layer of a high face is tough, the upper gravel may be piped off far enough to allow 
giants to be moved closer to the face and exert more force. 

Bank-water (bank-head or bye-water) applies to streams brought to the pit in ditches, 
not under press. Bank-water is allowed to run over the face, aiding in disintegrating 
clayey gravel, thawing frozen ground, moving gravel to sluice, and maintaining a steady 
fiow through it. 

Bedrock cots or ditches are a continual and sometimes serious source of expense in 
most hydraulic mines; in some early Calif mines, they reached 60 ft depth (391, 407); in 
cose shown in Fig 815, 4 men were constantly employed in extending l^rock cuts (390). 
When much clay is present, more branching bedrock cuts are required than for fine sandy 
gravel (406); grade of bedrock also infiucnces spacing of cuts. Drainage of pits is usually 
provided for by sluices; occasional bedrock drains are required. 

Boulders too large to be piped to and through the sluice are removed by derricks or cableways 
or broken up. As derricks must be located behind the giants, they must have long booms and 
masts and are cumbersome to move. Cableways do not interfere with giants, but have restricted 
reach sidewise. Derricks and cableways may be operated by small water wheels; either is usually 
preferable to blasting where boulders are numerous, especially if sluice grades are flat (406).' 
Sledging, if feasible, is generally the cheapest mode of breaking boulders if done by cheap labor 
and without delaying piping; “mud-capping” (See 5) usually costs more than blockholing. 
R. H. Ernest, Round Mountain Mining Co, Nev, states that for mud-capping 839 rhyolite boulders, 
many highly silicified, airer sise 4 cu ft, 402 lb of 40% gelatin dynamite were used or 0.481 lb 
per boulder. 


Bank blasting is sometimes necessary in cemented gravels before they can be broken 
down by giants. Small T-shaped tunnels (Fig 818) are usually driven at the foot of high 
banka. Drifts D are charged with explosive and drift £! is tamped 
solid with the excavated material. Only enough explosive is used 
to shatter the ground; in some cases several cross drifts D are 
driven. A blast will usually shatter nearly twice the area of 
ground covered by the drifts. In some cases, where only the bot¬ 
tom layer is cemented, the top gravel is hydraulicked, and small 
shafts are sunk to bedrock, where the explosive is placed in small 
chambers. Bank blasting has seldom been employ^ in recent 
years. 

Miscellsny. Cueanino bedrock is sometimes done by giants; hard creviced bedrock 



MAN 

Fig 818. Bonk 
Blaating 



Fig 819. Giant or Monitor 


must be cleaned by hand at high cost. LxoBTiNa is necesstuy at night, since work is 
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continuous; modem aciuipment usually includes a small hydroelectric plant. 

Skilled men required are: nozzle tenders, carpenters, blacksmith; sometimes a machinist 
and derrick winohman. For situicsis, etc, see Art 124, 125. 


Table 110. Sizes and Weights of Hydraulic Giants 

(Joshua Hendy Iron Works, San Francisco, 1939) 


Giant 

No 

Inlet 

diam, 

in 

Butt 

diam, 

in 

std 

Nozzle 

diam, 

in 

Heaviest 

Part, 

lb 

Bhip- 

ping 

weight, 

ib 

1 

7 

4 

2,3 

120 

390 

2 

9 

5 

3. 4 

ISO 

520 

3 

II 

6 

3. 4 

210 

890 

4 

11 

7 

4, 5. 6 

225 

1 075 

5 

13 

8 

5, 6 

335 

1 475 

6 

IS 

9 

6. 7 

520 

1 850 

7 

IS 

10 

6. 7 

520 

2 100 

8 

18 

10 

7, 8 

600 

2 300 

9 

18 

11 

9, 10 

690 

2 450 


Table 111. Water Discharged, Cu Ft per Min, by 
Hydraulic Giants (a) 


F.lTective 
head, ft 

100 

200 

300 

400 

500 

600 

Nozzle 
diam, in 







2 

94 

133 

163 

188 

210 

232 

3 

222 

300 

368 

425 

475 

522 

4 

380 

535 

655 

756 

845 

926 

5 

590 

835 

1 020 

1 180 

1 320 

1 445 

6 

850 

1 200 

1 470 

1 700 

1 900 

2 080 

7 

1 160 

1 635 

2 000 

2 320 

2 590 

2 835 

8 

1 510 

2 140 

2 620 

3 020 

3 380 

3 700 

9 

1 920 

2 700 

3 320 

3 820 

4 270 

4 680 

10 

2 360 

3 340 

4 090 

4 720 

5 280 

5 780 


(a) From .Toshua Hendy Iron Works, San Francisco, 
Cal, in 1930. Flow based on discharKe coefficient of 0 90; 
see under “Discharge through nozzles"; also Sec 38. 


Giants (monitors). Fig 819 
shows a modern, double-jointed 
giant, connected to pipe line by a slip 
or a flanged joint. It can swing 
horizontally through a full drde 
about the joint J, and through a wide 
vertical angle about joint ikf. Weight 
of the spout is counterbalanced by 
lever S and weighted box P; Jug L 
is bolted to a heavy timber, securely 
fastened and braced to bedrock; 
guide vanes are set inside the spout, 
to prevent rotary motion of the jet 
which destroys its solidity. 

Details of construction vary. A 
vertical king-bolt X, to take the thrust 
as the water enters the giant, ja oom- 
inoti; top of the bolt should have a bi^- 
beariog to reduce friction when the giant 
is swung. Some makers replace the king¬ 
bolt by a special ball-bearing joint at J, 
to avoid obstruction to the flow, but the 
king-bolt is a good safety precaution, 
and, with well designed pressure boxes, 
should give no trouble by catobing 
stringy matter. Tables 110, 111 give 
data on Hendy giants; other makers 
build giants of similar size and wt. 

Nozzles (iV, Fig 819) of different 
makers are not interchangeable; 
nozzle of any size may be attached 
to a giant up to the max it will take. 
They must be carefully designed and 
highly flnished, otherwise the jet is 
ragged and cannot be thrown as far 
without spraying. Grit cuts the 
nozzle, and destroys shape of jet. 


Deflectors. Small giants, or those working under light heads, are pointed by hand; 
deflectors are required on largo giants and in general where the head much exceeds 100 ft. 
Deflectors are of 2 kinds: (a) A short flexible coupling C, with ball joint and leather gasket, 
is inserted between nozzle JV and end of spout P (Fig 820). (b) A short section of pipe, a 

little larger than the nozzle, is attached loosely to its 
end and projects over the jet; it may have a threaded 
tip, replaceable when worn. Both types turn freely 
on gimballed joints, and are controlled by a lever L 
(406). The reaction of tlie jet, when diverted by 
the deflector, forces the giant in the opixisite direc¬ 
tion; L is easily moved and gives a sensitive control. 

Type (h) is best for heads over 300 ft, but requires a 
separate deflector for each size of nozzle. A single deflector of type (a) will take any 
nozzle smaller than the max that can be used on the giant. 

Discharge through nozzles (Sec 38, Art 9). Approx calculations may be made bs' the 
formula, Q = Cay/h, where Q = discharge, ou ft per min; a — cross-sec area of nozzle, 
sq in; h ■> head at nozvle. ft; C * constant depending on coeff of discharge. 

For giants with inside vanes (see above) the coeff of discharge is put by Longridge 
(394) between 0.8 and 0.85; by j. J. Garrard (397) as 0.94. Corresponding values of C 
are 2.68, 2.84 and 3.14, respect i vely. Makers’ tables usually give full theoretical discharge 
(C = 3.34) with no allowance for friction. 

Miner’s inch (Sec 38, Art 19), unless otherwise stated, is taken here as equivalent to a 
flow of 1.5 cu ft per min, corresponding to its legal definition in Calif and Mont (40 miner’s 
in • 1 ou ft per sec). Ikch-dat is the volume (2 160 cu It) delivered by 1 minor’s in 



Fig 820. Deflector for Giant 
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flowing 24 hr. Old records of the duty of water in hydraulickiiig require careful sorutiny', 
in Calif alone, the inch varied locally from 1.2 to 1.76 cu ft per min (391). 

Duty of a miner's inch in hydraulicking is the cu yd of gravel which can be broken 
down and sent through sluices in 24 hr by 1 miner's in. It varies with height of hanlr , 
character ef gravel and bedrock, grade of bedrock, amount and pressure of water, manner 
in which the water is utilised, and with all the factors influencing sluice capacity (Art 124). 
Published data rarely state completely ail the factors involved. See Tables 112-117; 
also Art 124 and under examples below. 


Table 112. Duty of the Miner's Inch at North Bloomfield and La Grange Mines, Calif 

Bowie (391) 



Date 

Cu yd 
gravel 
washed 

Miner’s 

in-days 

Grade of 
sluioee 

Height of 
bank, ft 

Duty 

per in-day, 
ou yd 


1670-1874 

1 250 000 

710 987 




100 

4.6 

North 

1675 

1 656 000 

386 972 


. 6.5 in per 

12 ft 


100 

4.8 

Bloomfiold 

1876 

2 919 700 

700 000 



200 

4.17 

Mine (a) 

1877 

2 993 930 

595 000 



265 

3.86 


Total. 

II 021 630 

2 392 959 


. 

4 6 


1874-1876 (r) 

676 968 

624 745 




10- 48 

1.08 


1675-1876 (d) 

683 244 

375 155 


4 in per 

16 ft 



1.82 

La Grange 

1874-1876 (t) 

284 932 

207 010 




1.37 

1875-1878 (/) 

459 570 

302 960 



40- 50 

1.52 

Mines (b) 

1880-1881 (g) 

329 120 

203 325 





1.57 


Total . . 

2 433 834 

1 713 195 



1.42 


1908 (h) 



8 in per 12 ft 

100-200 

7-10 


Note. Duty of miner’s in in early Calif work was estimated by State and U S Army engineers ai 
1 to 7.5 cu yd, aver about 3 cu yd. J. H. Hammond gave followtng data: At Holwon's mine. 
Placer Co, piping a 120>ft bank, using .500 in water at head of 360 ft, with aluioes set on grade of 
12 in per 12 ft and paved with rock riffles, duty of a miner’s in was 24 cu yd in light free gravel 
and 10 cu yd in coarse cemented gravel. By increasing sluice nade to 18 in per 12 ft and using 
iron riffles, duty of one inch in light gravel increased to 36 cu yd. These figures are exoe^ionally 
high (407). (a) Larger part of material moved was top gravel. Sluices, 6 ft wide by 32 in deep, 

block riffles used almost entirely; rock riffles in tail sluices. (6) Sluices previous to 1881 were 4 ft 
wide by 30 in deep, paved with blocks, (c) French Hill claims, (d) Jjight Claim, (s) Chesnau 
Claim, (h Kelley Claim, (g) VignoHill. ih) Data from P. Bouery, Kupt, pub by Joshua Hendy 
Iron Works, Bull No 111. Sluices, 6.33 ft wide by 47 in deep. Higher duty is due to steeper 
grades, higher banks, and improved riffles (Art 125), .and to use of water under heads of 400 to 
600 ft. 


Purington comments on Table 113 as follows: The high duty of the miner’s inch in the Klondike 
(Ex 11-18} is due to well rounded gravel containing no large stones, heavy sluice grades, and use of 
block riffles. Low duties at Nome (Ex 21-27) are due partly to the fact that the gravel is flat and 
rough, partly to use of hydraulic elevators, which take 60 to 66% of the available water. Duties 
given are for both giant and elevator water (Art 126). Iron riffles are commonest, but have little 
elTeet on duty because the sluices are short. Dimensions and grades refer to bedrock sluices leading 
to the elevator. The figures are based on operators’ statements and comparatively short runs. 

Table 114 shows difficulties of starting large-scale hydrauliclung, and dose relstion between eosts 
and output. Frosen ground makes ditch construction hard; new ditches require constant repairs, 
but these lessen with time. 

« 

Table 115, from Wimmler (188), gives data on sluices and duty of water at Alaskan 
mines active within a few years prior to 1927; stated flow of water includes that from all 
sources, ground-eluicing water, in addition to cutting water, being required in all cases 
except at Little, Osborne, and Ophir Creeks, where hydraulic elevators were employed. 
The somewhat lower duties, as compared with Calif and Mont (Table 116), are explained 
by: (u) lower available grades on b^ rock; (b) prevalence of flatter pebbles in some dis- 
triote, and of heavy gravel in others; (c) large amount of ground-sluicing (or elevator) 
water required by above conditions; (b) frozen gravel in some localities. 

Table 116, after Gcu'dner and Johnson (17), gives duty of water in sluices at mines 
operating in western U 8 in 1932. For riffling of same sluices, see Table 120. 

Cost and operating data. Hydraulicking costs from 4fi per cu yd under very favorable 
conditions in Calif to or more in Alaska. Unfavorable conditions, as frozen gravel, or 
necessity for elevating tailing or for pumping giant water, may increase cost to 60fi or 
more. Records of cost usually include only operating expenses, omitting capital charges; 
the latter may be very high; thus, a number of Calif mines spent $200 000 to $500 000 in 
prepuing fnr work; the equipment of 1 mine, including 200 miles of diteb and 8 miles of 
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Ilipe, ooBt $2 000 000 (409). Following examples (see also Art 126) give costs under 
various conditions. Table 117 relatee to 6 hydraulic mines active in 1932 in western U S. 


Table liS. Duty of Miner’s Inch. Alaskan and Yukon Diatrktt 

C. W. Purington, in 1905 (390) 


Ex 

No 

JUocation 

Height 
of bank, 
ft 

Charac¬ 
ter of 
material 

Grade, 
in per 
12 ft 

Miuer’a 
in of 
water 

Duty, 
ou yd per 
in-day 

Sluieee 

Riffles 

Width, 

in 

Depth, 

in 


Juneau: 









1 

Windfall Cr. 

16 



1 000 

2.0 




2 

Gold Cr. 

200 

A 

4.5 

4 000 

2.0 

72 

60 

B1 

3 

IKlver Bow Baein 

80 

A 

4.0 

2 500 

2.0 

50 

55 

B1 


Atlin: 









4 

MoKee Cr. 

40 

A 

8.0 

700 

1 5 

32 

32 

Ai -f- BI 

S 

41 t« 

85 

A 

8 0 

1 200 

3.0 

32 

40 

Ai -l-Bl 

6 

Birch Cr. 

25 

A 

5.25 

1 200 

0.5 

30 

30 

B1 

7 

Bpruoe Cr. 

29 

A 

5.0 

1 200 

1.0 

40 

36 

B1 

8 

• 1 i« 

20 

A 

5.5 

900 

0.5 

48 

32 

B1 

9 

Piiw Cr. 

20 

A 

3 0 

700 

0 6 

36 

36 

R1 

10 

• 1 11 

60 

A 

5 0 

3 500 

0.625 

60 


B1 


Dawaon, Yukon: 









II 

Bonansa Cr_ 

20 

B 

12.0 

250 

5.0 

24 

20 

B1 

12 

It «• 

25 

C 

12 0 

125 

4.0 (7) 

20 

16 

Sp 

13 

• t 41 

25 

BCo) 

n.o 

150 

to.o 

24 

24 

BI 

14 

II 11 

35 

B 

12.0 

200 

6.5 

24 

24 

B1 

IS 

II 14 

75 

B 

12 0 

266 

8.0 

24 

30 

Bl 

16 

Eldorado Cr. 

60 

B 

n.o 

160 

7.0 

24(7) 

24 

Bl -I- Hn 

17 

Last Chanoe.... 

46 

B 

12.0 

230 

7.0 

24 

18 

H -1-Bl 

18 

as ■! 

25 

B 

14 0 

120 

5.0 

20 

20 

Pi 

19 

Hunker Cr. 

15 

B (5) 

13.0 

150 

2.0 

14 

14 

P +B1 

20 

•1 al 

8 

B 

12.0 

125 

2.6 

17 

14 

H 


Nome: 









21 

Anvil Cr. 

30 

D 

4 5 

500 

1.4 

33 

18 

Ai 

22 

IS *1 

20 

E 

4 5 

400 

10.0 



Ai 

23 

II 

12 


9.0 

100 


16 

14 

Ai 

24 

Glader Cr. 

20 

F 

6 0 

760 

1 32 (c) 

36 

24 

Aig 

23 

Dextw Cr. 

40 

G 

6.5 

100 

2 0(7) 

16 

16 

Aig 

26 

Newton Cr. 

8 

H 

7 0 

150 

3.33 

24 

24 

P -1-Ai 

27 

Barin Cr. 

20 

I 

8.0 

250 

0.6 (d) 

18 

18 

H 


Council: 









28 

Ophii Cr. 

12 

I 

10.0 

600 

1.5(d) 

24 

16 

Ra -f Ai 

29 

II II 

8 

J 

10.0 

750 

1 .0(c) 

24 

16 

Ra -f- Ai 

30 

Solomon River . 

5 

K 

10.0 

600 

0 8(/) 

37 

24 

Aig 


A — heavy stonea. B •» "White Channel"; small round gravel, frosen. C hillside, email 
gravelf frosen. O ■> heavy, partly frosen gravel, much flat sohiat. E » frosen earth or muok 
stripping. F ■> flat, semi-frosen gravel. G » heavy gravel, limestone bedrock. H ■> small 
eoaatal plain gravel. I heavy gravel. J °° elabe and clay. K » subanimlar gravel, (a) part 
tailiuga. (h) very little frosen. (c) 66% of the water used by an hydraulic elevator, 36-ft lift, 
(d) bydraulio elevator, 20-ft lift, used 60% of water, (e) hydraulic elevator, 28-ft lift, used 06% of 
water. (/) hydraulic elevator, 12-ft lift, used 50% of water. B1 — block-riiflea. Ai — angle iron. 
K1 long raua. Sp sawed pole, iron-shod. Hu » Hungariaa. Pi — pole, iron-ehooT P » 
pole. Aig •> angle-tfon grates. Ba raUa. 


Table 114. Hydraulic Mining, Yukon Gold Co. Twelve Mile River Water System (408) 


Year 

Period of 
operation, 

days 

Percentage 

of 

poanble 

time 

worked 

Water 

supply, 

in-daya 

Cu yd 
gravd 

Coat of 
operating 
and ditch 
mainte¬ 
nance 

Cost per eu 
yd, omitting 
depr«)on 
main ditch 

Duty of 
water, 
ou yd per 
in-di^ 

1910 

1911 

1912 

■B 

96.8 

371 206 

482 580 

524 249 

1 656 020 

2 125 750 

2 967 750 

1140 433 

135 710 

76 760 

20.804 

15.50 

9.37 

4.50 
5.40 ’ 

5.40 

1913 

150 

93.28 

406 135 

2 875 952 

73 054 

9.70 

6.60 

1914 

1 168 

96.29 

519 834 

3 241 641 

64 397 

7.60 

6.02 
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Table 115. Duty of Water in Alaikan ShUcea (188) 



Slum box 


Water 

througb 

slidoe, 

miner's 

in 

Duty, 
cu yd 
per in 
perdny 


Looslity 

Width. 

in 

Depth, 

in 

Grade, 
in per 
12 ft 

Type of riffle 

Neture cf gnvel 

Sewd Penin; 


Mi 






Boulder Cr. 

30 


4 

Mn-eteel grate_ 

700 

1.00 

Unhosen, mad., much flat 

Big Humh Cr.. 

36 

18 

5 

Bails. 


1 20 

Do, do. 

Little Cr. 

48 

24 

5-7 

Angles & rails.... 


1 37 

Partly frosen, mad 

Oebome Cr. 

Opbir Cr. 

36 

24 

7 

5 

Blocks & nuls.... 
Blocks di . 

7W 

1.20 

1.25 

Partly frosen, heavy 
Partly froecn, mad 

Mt McKinley Diet: 








Moore Cr. 

24 

20 

6 

Punched plate over 
mattiiig & longit 
steel-shod. 

300 

1.60 

Uuhosen, med-round 

FkiTtankB Diet: 









36 

30 

w 

Blocks. 

350 


Partly frosen, heavy 

Pertly frosen, msd 

!• 41 

36 

30 

5 

Rub. 



Circle Diet; 



Maatodon Cr.... 


24 

8 

Blocks. 



Partly hosen, med-nnind 

fierenty Mila Diet; 





Ml 



Crooked Cr. 

30 

24 

8 

Blocks. 



Partly frosen, light 

Yentne Diet: 





Ml 

MMH 


Falls Cr. 

36 


8 

Longit sted-shod. . 


HXH 

Unfrosen, med; bouldsn 

Nugget Cr. 

28 

24 

7 

Longit steel-shod... 

450 

KXjI 

Do, do. 

Peters Cr. 

Kenai Oist: 

30 

24 

6 

Raib. 



Do, do. 

CrowCr. 

52 

36 

6 

Baib. 



Very eenrse; many large 
boulders 

Nuina Diat: 









48 

44 

5 

Raib, longit. 


0.32 

Do, do. 

Chilitu Cr. 

40 

36 

5 3/4 

Raib, longit. 


0 42 

Do, do; also heavy 


Table 116. Duty of Water in Sluices at Hydraulic Mines, Western U S in 1981 (17) 


Example 

Location 

Max diam 
of boulders 
to sluice, 
in 

Water 

through 

sluice, 

miner's 

in 

Duty, 
cu yd 
per in 
per day 

Box 

width, 

in 

Box 

depth, 

in 

Sluice, 

total 

length, 

ft 

Grade, 
in per 
12 ft 

1 

Weaverville, Cal.... 

12 

400 

0 5 

36 

24 

96 

9 

2 

Douglas City, Cal,. 

18 

500 

3.7 

48 

36 

48 

9 

3 

Douglaa City, Cal.. 

2 

1 200 

0.5 

48 

. . 

48 

9 

4 

Junction City, Cal.. 

18 

460 

4.2 

48 

36 

120 

9 

5 

Wash. Camp, Cal... 

18 

1 500 

2.7 

48 

36 

1 700 

6 

6 

Comptonville, Cal.. 

4 

600 

1.0 

30 

24 

3 500 

2.6 

7 

Helena, Cal. 

12 

1 300 

1.0 

48 

40 

168 

12 

8 

Centerville, Idaho.. 

6 

240 

0.5 

32 

24 

72 

9 

9 

Centerville, Idaho.. 

7 

400 

0.4 

30 

. • 

96 

9 

10 

Emigrant, Mont.... 

12 

600 

0.5 

23 

24 

500 

4 

II 

Vii^nia City, Mont. 

6 

85 

1.4 

, 14.5 

18 

180 

5 

12 

Gold Creek, Mont.. 

10 

600 

2.0 

22 

24 

120 

9 

13 

Gold Creek, Mont.. 

8 

150 

4.0 

22 

24 

120 

9 

14 

Sheridan, Mont.... 

20 

2 800 

0.1 

44 

40 

1 900 

3.5 

15 

Superior, Mont. 

8 

180 

1.3 

.24 

18 

240 

7 

16 

Townsend, Mont... 

10 

900 

0.6 

32 

36 

2 700 

4 

17 

York, Mont. 

8 

350 

1.4 

30 

36 

400 

3 

18 

Baker, Oreg. 

6 

150 

2.6 

26 

20 

180 

IS 

19 

Leland, Oreg. 

0.75 

900 

0.7 

48 

• . 

32 

5.25 

20 

O’Brien, Oreg. 

8 

650 

0.9 

32 


304 

4.5 

21 

Galice, Oreg. 

5 

300 

1.0 

30 


95 

9 


Salyer mine. Trinity county, Cal. Data from Gardner and Johnson (17) in 1934. 
Deposit of “blue” gravel about 40 ft thick, tight, containing many boulders, capped by 
clay, and covered by 60 ft of loose gravels and clays. Water system, with 5 000-in oapac, in¬ 
cluded ditches, flumes, and siphons, but no reservoirs, and cost $300 000. Pit was supplied 
at 350-ft head through 2 16-in pipes with combined oapac of 2 800 miner’s in. Two giants, 
with noasles of 8 to 6 in, according to available water, gave duty of 4.33 cu yd per in-day. 
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FLACIK MINING METHODS 


Sluicing required min of 1 600 miner’s in. Sluice was 6 ft wide, 360 ft long, dropping 8 in 
I)er 12*ft box; wood-hlock ri£9es IS in square, 12 in high, wore rapidly and were to be 
replaced by steel rails. About half the water and most of tire sand passed to under* 
currents, which caught about 10% of the yield. Mercury was used in sluice and under* 
currents. Boulders in pit were handled by crane on a tractor. Aver crew at mine, 
15 men. In 97-day season of 1932, 718 900 cu yd was moved at direct cost of 2.63fi per 
yd. incl deprec of mine equipment, but excl depletion, administration, and deprec of water 
system and other permanent installations. Additional data in Col IV, Table 117. 


Table 117. Data on on Western U S Hydraulic Mines Active in 1932 (17) 



1 I 

1 u 

1 

III 

IV 

V 

VI 

Aver depth gravel, ft. 

9 

1 « 

65 

im 

12 

14 

Chorseter of gmvel . 

med 

tight 

med, cement 

med to easy 

med 

mty 

Bouiden over 12", % . 

8 

8 

5 

2 

5 

Bedccek, kind. 

cement 

schist 





“ Bttrfnce. 

smooth 

uneven 

uneven 


even 


Gold, siie. 



coarse 

fine 



Giant mter, miner’s in. 

1 2m 

1 300 


28 m 

(a)^ 

to 

Bank.. 

0 

2m 

0 

0 

0 

290 

Total water. 

1 200 

15m 

13m 

28 m 

9m 

350 

Ditohea or flumee, miles. 

(/)2.5 

(d) 8 A 16 

(/) 8 A 12 



(h) 

Kpe linte, diam, in. 

24^15 

30-15 

24-15 

2 @ 16" 

3^i6 

12 

•• “ length, ft. 

3 000 


1 sm 



sm 

Head at giants, ft. 

3m 

210 

4m 

3m 


im 

No of giants used. 

(c)3 

2 

2 

2 

2 

1 

Nossle diam, in. 

3&S 

6 

5 A7 

5-8 

4 5A5 

1.5 A 1.25 

Elevator. 

Ruble, 25' 

none 

none 

none 

Ruble, 14' 

none 

Boulders handled by. 

blasting 

blastiog 

blasting 

crane A 1 

hand 


Duty of water {«) . 

0 5 

1 

2 7 

1 0 

tractor 

4 3 

0 7 

1.4 

Sluice, total length, ft. 

48 

I 7m 

168 

350 

32 


“ siie and grade. 

Table 116. 

Ex 3 

Ex 5 

Ex 7 

60"X50" 
© 6 2% 

Ex 19 

Ex 17 

Bifflw. Table 120. 

Ex 3 

Ex 5 

Ex 7 

wood blocks 

Ex 19 

Ex 17 

Undercurrents, area . 

none 

none 

12'X20' 

1 944 sq ft 

none 

12'X3tf 

Washed per day, cu yd. 

540 

17m 

mo 


667 

sm 

Shifts per day. 

3 

l@IObr 

2 @ 9 hr 


2 @ 12 hr 

3 

Men in pit, per day. 

21 

6 

4 


6 

12 

Wages per shift. 

$3.75 

$4 m 

$4.m 


$5.ro 

$3 SO 

Operating cost, ^ per cu yd: 
Labor. 

'3 5 ! 

2 

3.0 

■HH 

4 5 

9 

Supervision. 

2 0 




. . • • 

3 

Supplies. 

3 5 

2 

1 5 


• 5 

(i) 17 

Total . 

19.0 

( 0 ) 4 

4 5 

1 (A) 2 63 

6 0 

29 


1—Redding Cr, Douglao t'lty, C^al. II—Omega Hill, Washington Camp, Cal; data for 1931. 
Ill—North Fork, Helena, Cal. IV—Salyer, (’al. V—llrowniiig property, I.«land, Oreg. VI— 
Eldorado Bar, York, Mont, (a) Incl giant at Ruble elevator, (b) Water pumped 120 ft vert, 
and booeter pump to give head of 100 ft. (c) Of which, 1 cutting and driving, 1 at Ruble elevator, 
1 (3-in) used periodically for tailings disposal; only 2 gianta used at a time. (</) Ditch, (e) Cu ya 
gravel per day per miner’s inch of water. (/) Flume, (g) Excl supervision and diton repairs. 
(A) Exti general administration, (t) Power, 15r. 

Omega Hill mine, Washington Camp, Cai. Data from Gardner and Johnson (17) in 
1934.' Ancient river gravel, 30-60 ft deep (lower 6-8 ft cemented) lying under l(>-20 ft 
of volcanic ash. Water supply through 2 ditches: one 16 miles long, with numercua 
flume sections 6 ft wide; other 8 miles long; both delivered to reservoir 210 ft above pit. 
Two 6-in, or three 5-in giants were used. Sluice, 48 in wide, lay in bedrock cut and 
extended 1 700 ft outside, to gulch where tailings dam could be located. At end of sluice, 
a grissly with 1-in spacing separated coarse gravel (used for making dam) from undersise, 
which was delivered behind the dam by another sluice. Previously prepared culvert in 
bottom of gulch assisted drainage of clean water from the tailings pond. When one pond 
was full, another dam made farther down the gulch. Additional data in Col II, 
Table 117. 

Eldorado Bar, York, Mont. Example of placering with pumped water from Gardner 
and Johnson (ID: data refer to operations in 1931. Centrif pump driven by 250-hp 
motor lifted 4 000 gal per min (.'156 miner’s in) 120 ft vert to head of the bar; suction pipe, 
14-in; delivery pipe (500 ft long). 12-m diam. Booster pump at top, with 50-hp motor, 
developed press of 40 lb per sq in, and delivered about 60 miner's in trough 6-in fire hoee 
to 1.25- or 1.5-in nossle for cutting, or (throuiti> same hose) to 1.5- or 2-in nossle for sweep- 
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ing; remainder of 'water pumped wae used for bank 'water. The gravel worked easily; 
boulders moved by hand. For details of sluice, see £z 17, Tables 116,120; other data in 
Col VI, Table 117. Crew of 4 men on each of 3 shifts worked 600 cu yd per day. Power 
cost 0.^ per kw-hr, plus $1 per mo per hp of connected load, totaling about $76 per day. 

Gold Hill mine, Idaho City, Idaho. Data from O. H, Metzger (428) in 1938. A 
bench deposit consisting of 4 beds of tight gravel alternating w'ith hard clay, and including 
a bed of soft sandstone, varies in tliickness from 25-50 ft at upper end of 'a'orkings to 
160 ft at lower end; the 2 areas, though contiguous, are worked practically independently, 
each with its own sluice and group of 3 giants, piping in one while clay and boulders are 
being removed from the other; Uttle work is done where deposit is less than 35-45 ft thick. 
Bedrock is clay, sloping 8-15% towards Elk Cr. Water comes from 2 sources: from 
Moore's Cr (ri^ts to 2 700 in) through 8 miles of ditch and 2 40-in siphons each more than 
0.6 mile long, and from Elk Cr (rights to 2 300 in) through 10-mile ditch; flows unite at 
penstock 5 000 ft from and 225 -325 ft above workings. Two 20-in pipes convey to header 
within 1 000 ft of workings; thence 3 18-in pipes run to valves distributing to 6 giants 
through 15-in pipes. Normal consumption (of 3 giants at a time), 3 000 miner’s in (con¬ 
siderably reduced toward end of :.i!ason); approx aver duty, 1.5-1.75 cu yd per in^ay. 
Giants have 4- or 5-in nozzles; press, 90-110 lb per sq. in. Sluice boxes are 3 ft 7 in 
wide, inside of liners; drop per 12-ft box, 8 in for the longer, and 6 in for the shorter 
sluice. Riffles are 4 by 6-in crosspieces, spaced 2-3 ft, and covered with longit 30-lb rails, 
heads up. Hg is added at 3-5 oz per day to first 3 boxes. Boulders are cleared from ends 
of slxuces by 1-yd, gasolene-driven dragline, which also builds tailings dam, working 

3 shifts on the 2 jobs. Botildera in pit are drilled by jackhammer connected to portable 
compressor. Three-shift operation (June, 1937) required 34 men; total wages, $154.25. 
In 1937 season of about 70 days, 200 000 cu yd through sluices yielded 900 fine oz, or 
15.75ff per yd. 

S^mon Cr, Baker, Ore. Data from Gardner and Johnson (17) in 1934. Unusual 
feature was use of 0.5-cu yd, gasolene-powered shovel for handling boulders, water supply 
being inadequate to move them and to loosen profitable yardage of gravel at same time. 
When not occupied with boulders, the shovel aided in loosening clay-bound gravel. Cut¬ 
ting was done by No 2 giant with 2.25-in nozzle Tuider 150-ft head, using 90 miner’s in; 
an additional 60 in of water came over the bank, about 25 ft high. Bottom 1 ft of gravel, 
containing most of the gold, was left on l>edrock, and washed separately at end of a month’s 
run. For data on sluices and riffles, see Ex 18, Tables 116, 120. Crew on each of 2 8-hr 
shifts: 1 piper, 1 shovel operator, 2 sluice tenders; foreman on day shift. Gasolene for 
shovel, 12.5 gal per shift. Est cost (@. 130 cu yd per shift), 20^ per yd, plus shovel rental, 
interest, and amortization of plant. 

Alaskaj Data from N. L. Wimmler (188) in 1927. Gbnsral. Most hydraulic mining 
areas in Alaska (except in southern dist and upper Yukon basin) are characterized by: 
(a) Relatively shallow (max, 25 ft) deposits, of both stream and bench tyi>es; latter usually 
only slightly above streams. (5) Pay streaks close to bedrock, (c) Cemented gravel rare; 
frozen gravel and overburden fairly common, (d) Aver stream grades, 25-150 ft per 
mile, or less than the 6 in per 12 ft desirable for economical sluicing, (e) Water adequate 
for economical mining obtainable only at high cost for ditches. (/) Water supply erratic, 
and usually under low head; reservoir sites of largo capac are scarce, (g) Working season 
of only 90-120 days; as short as 30 days in some localitie.s deficient in water. These con¬ 
ditions affect mining methods in following ways: (1) Use of much of available water for 
ground-sluicing or bank water; in some places, water thus used may be 3 times the vol 
of that tor the giants. (2) Necessity for frequent moves itiay lose 40-60% of time available 
for hydraulicking; loss still greater if only 1 shift is worked. (3) Intermittent operation, 
pending accumulation of useful vol of water. (4) Frequent necessity for elevating gravel 
or tailing. (5) Occasional adoption of “piping over the side’’ of sluice boxes depressed 
in a bedrock cut (see Dan Cr, below) unusual elsewhere. (6) Operations are relatively 
small-scale, employing 2-8 men; often, with 50-500 miner’s in of water under 35-200 ft 
head, season’s work will be 2 000-30 000 cu yd; a few larger mines, with 500-2 500 in of 
water under 100-300 ft head, may move 30 000-100 000 cu yd; max, 1 000 cu yd p« day. 
Examples (operating in 1024) follow. 

Falls Cr, Yentna dist. Creek deposit of -unfrozen, round gravel, over 8 ft deep, -with 10-1.5% 
of boulders up to 3-ft diarji. Bedrock is clay, shale, and sandstone, easily cleaned. Total ivater, 
inol ground-sluice, 300-700 in. Usual pit, 80 ft -wide, 125 ft long. Sluice, 36 in wide, 42-54 ft long, 
on 8-in per 12 ft grade, with steel-shod, 2 by 4-in riffles, set lengthwise. Two giants, 3-in nozzles and 
100 -ft head, stood on top of bank and alternated in washing gravel from one side of pit to top of 
sluice, while other side was being cleared of boulders. Tailings required a stacker giant. Crew of 

4 men on each of 2 10-hr shifta, at time of max water, could clean about 1 000 sq ft in 2 shifts, or 
finish an aver pit in 8-9 days. Setup for new pit took 1 day. 
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Crow Cr, Girdwood dht. Creek deposit of unfrosen gravel 9-25 (aver 12 ft) deep, with 50% of 
boulders over 0-i» diatn, many of them large. Bedrock, tough clay, readily cleaned. ToUd water, 
inoi stacker giant, 2 600 in, of which 1 000-1 400 in wes ground-eluice water. Two parallel and 
adjoining pits, each 100-1^ ft wide and 400-450 ft long, were worked alternately but in step, piping 
in one whUe clearing boulders from other. Each pit hud its own sluice, 5 ft wide, 8-10 boxes long, 
at 0 in per 12 ft grade; first 2 boxes had transverse riffles of 40>lb rail; others, longit 25-lb railB. A 
No 7 giant with 6-in nosele stood at top of bank on center line of each pit, piping to head of sluice; 
when reach exceeded efflo distance, a smaller booster giant on bedrock at one side of pit assisted 
sluicing. Upon completing bjth pits, bank between them was washed in and bedrock cleaned by 
giants. One stacker giant. No 7 with 5-in nozzle, at 170-ft head, served both sluices. Boulders were 
drilled and blasted, and put through sluice. With crew of 12-18 men, 60 000 cu yd was mined in 
1923 at 43^ per cu yd. 


Dan Cr, Nizina diet. Deposit 6-18 ft deep, of rounded gravel containing up to 75% 
of boulders over 8-in diam, some reaching 6-10 ft. Bedrock, slate of variable hardness, 
cut by occasional porphyry dikes causing irreguiaritics. Gold, flat and 46-60% of it 
coarser than 0.25 in. Deposit worked in a chain of consecutive pits, each 500-700 ft long 
by 175-300 ft wide, progressing up-stream by steps, although working face of each pit 

retreated downstream. As- 



Fig 821. “Piping over Side,’* Dan Cr, Alaska (188) 


Burning a completed pit, as 
at e, Fig 821, first step 
was to inatnlt a line usually 
of 16-20 (never fewer than 
8) boxes, 48 in wide and 
riffled longitudinally with 
20-lb rail, in the old bed¬ 
rock ditch c, and erect a pair 


a— Tailing stacker. 5—Tailing pile, c—Sluice in old pit. of short wing dams d at top 
c '— Sluice in new pit. rf—Wing dams, e — Old pit. /-—New of unner hf>x As earlv in 
ground, c—New bedrock ditch. A—Giants. ^--Entrance for 

ground-filuic6 water. tn© opriug as water was 

available, a central ditch g, 

the full length of proposed next adjoining pit, was cut through gravel and 5-6 ft into l>ed- 
rook, using a giant with 4-in nozzle, smoothing the bottom (about 6 ft wide) with picks, 
to avoid fracturing. Max grade obtainable was 5-5.5 in per 12 ft, sometimes as flat as 
S.5 in. Boxes, 48 in wide, 46.5 in deep (inside), riffled lengthwise with 20-lb rail, were 
then laid on bottom of entire ditch, connecting with the boxes in old pit at d. Ground- 
sluice water, about twice the vol delivered by a giant, was then turned into the sluice at j. 
After an initial cut to bedrock across the head of the new pit, 2 No 4 giants with 6-in 
nozzles and 275-ft head were set on bedrock, one on each side of the sluice aud well out 


towards edge of pit, as at h. The 2 sides were then worked alternately, washing a slice 
35-50 ft wide over the side of the depressed sluice on one side, while boulders were being 
handled^ on the other. On completing a slice, the giant was moved downstream a cor¬ 
responding distance; process was repeated until the blocks/had been removed, along with 
1-2 ft of bedroc.k. Tailings were stacked continuously by No 4 giant with 4-in nozzle 
under 310-ft head. Clean-up, usually not until after finishing a pit, involved removing 
first the sideboards and later the ))ottnms of the boxes and washing out gravel lodged 
between them and the walls and bottom of the cut. In 1923, an exceptionally favorable 
year, 2 pits were completed, 
respectively 628 by 165 ft, and 
480 by 170 ft; latter, averaging 
only 6 ft deep, took 9 days for 
set-up, 17,5 days for hj'draulick- 
ing, and 10 days for clean-up. 

For the 2 pits, time required 
was: 22 days for set-up, 42 



days (of 24 hr) hydraulicking, 

26 l()-hr shifts for clean-up. 

Total cost, $34 124. 

Cbititu Cr, Nizina diet, f-troam 
deposit of coarse gravel 140-J50 ft Sec A-A, Larger Scats' 

wide, 10-11 ft deep; bedrock, Fig 822. “ Piping over Side " on Cbititu Cr, Alaska (188) 
medium-soft slate. Method in 



1923-24 resembled that on Dan L'r, except that working face advanced uiMtream, as in Fig 822. 
Bottom of bedrock sluice, at grr.de of 5.5-6 i» per 12 ft, was formed of 20-lb rail, laid longitud- 
inaiiy at 4-m centers, aud apiked to orossties laid on slate bottom; only the sides of sluice, 3 by 3 
ft, were boarded. Opposite sides of pit were worked alternately by giants at A; the amali triangidar 
block n was left tilt last, to protect men working at boulders on other side. Boulders were piled on 
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clean bedrock by donkey engine and eteel atoneboat. In 1923, one auob pit, 490 ft long, 140 ft 
wide, lldt deep, yielded 23 823 cu yd in 44 20*br days; coot of labor only, 21^ per yd; in 1024, total 
operating oost was 51^ per ou yd. 

124. SLUICES 


Construction. Sluices are in sections, usually 12 ft long; each section is called a 
BLUica BOX. Fig 823 shows typical box for shoveling-in and other bmau. work (Art 121). 
Sides and bottom are 1-in by 12, 14 or 16-in boards, rough or planed on one side; the 
bottom is 2 in narrower at one end that at the other, so that adjoining boxes will telescope 
a few inches into each other. Sluices may rest on bedrock, or be set in ditches, or be 
elevated. They are braced laterally by struts B, On the side opposite eaxh shovcler is 
a board 5, against which the gravel is thrown, instead of being shoveled carefully into the 
sluice; this increases the duty of labor and prevents spilling. A collar placed at the 



Fig 826. Sluice (riffles and side lining 
omitted) 


Fig 826. Tightener for Bottom Boards (after 
Purington) 


should be free from knots. To prevent loss of Hg and amalgam, bottom joints ure 
made tight with tongue and groove lumber, splines, or outside battens; close fitting 
alone is often relied upon. Fig 826 shows a useful device for tightening bottom boards 



































10-562 


PLACES MINING METHODS 


before spiking (300). Sills must have solid foundation to prevent settlement. As'^bottom 
of a new riuice may rise by water collecting under it, ends of sills should be wei^ted . 
down (391, 406). Fc^owihg data, referring to Tabje 118, while old, give elements of 
cost, which -can be adjusted to present coats of labor and supplies. 


Table 118. Details of juices for Hydraulicking 


Example 

No 

Width, in 

Depth, in 

Dimensions of 

Thickness of 

Sills 

Posts 

Bottom, in 

Sides, in 

1 

' 24 


4" X 6" 

4" X 6" 

1.5 

1.25 

2 

24 

20 

2" X 2" 

2" X 2" 

2.0 

1.5 

3 

29 

38.5 

4" X 6" X 6' 

4" X 4" X y 4" 

1.5 

1.0 

4 

48 

58 

6" X 6" X 5' 

6" X 6" X 5' 

2.0 

2.0 

5 

72 

32 

4" X 6" X 8' 

4" X 6" X 3' 2" 

2.0 

1.5 

6 

63 

32 

4" X 6" X r 

4" X 6" X y 2" 

1.5 

1.5 

7 

48 

32 

4" X 6" X r 

4" X 4" X y 2" 

1.5 

1.5 

8 

54 

54 

4" X 6" 

4" X 4'* 

1.5 

1.5 

9 

60 

54 

See note lielow 1 

1.5 

1.5 

10 

32 

24 

1 3" y 4" 

1 3" X 4" 1 

1.5 

1.5 


Ex No 1. Boulder Cr, Atlln, B C (390), Heavy Kravel, 400 miner's in of water; duty, 1 ou yd 
per in-dsy. Block rifiSes used at bead of sluice, followed by rails. Sawed lumber, $40 per M; 
difBcult to obtain locally boards wider than 8 in. til nice 1 400 ft long; cost, tO 000. SVages, |3 per 
lO-hr shift and board. 

Ex No 2. "White Channel" bench gravels, Klondike (390). 250 miner's in of water washed 

1 0(X) cu yd per 24 hr. 12 to 14 sluice boxes usually cciLstitute a string. Spruce block riffles, .5 in 
high and 9 in sq are used; cost 25^ each and last 1 season. 

Ex No 3. McKee Cr, Atlin, B C (390). 2 sluices, UOO and 700 ft long. Top rail, 1.5 by 8 in by 

12 ft; post straps, 1 25 by 2 by 14 in; side lining buuids, by S in by 12 ft. Blocks 8 by 8 by 12 
in are used for riffles; riffle strips, 1 by 3 by 28 iu; braces, 1 5 by 4 in by 1 ft. Each box, with riffles, 
etc, contains about 540 bd ft of lumber and costs about S25; sluice lumber, $45 per M; riffle blocks, 
$6 per box-length. 

Ex No 4. Silver Bow Basin, Alaska (390), Sluice is in a 9 by 10-ft tunnel, 3 300 ft long; 2 500 
miner's in wash 5 000 cu yd gravel per 24 lir. All surfaced lumber. Riffles are 12 by 12 by 12-in 
spruce blocks, separated by 1 7/g by 2-in riffle strips. Lining boards, 1-in native lumber; biaces, 

1 by 8 in. Each box contains about I 100 bd ft of lumber and 25 lb of nails; total cost per box, $30, 
of which $10 is for labor. Annual maintenance cost, including renewal of rifiie blocks ilife 2 yr) and 
lining boards, $1 000. 

Ex No 5. North Bloomfield tunnel sluice. Cat (391). 30d nails used for the bottoms, 20d nails 
for the sides, bide lining was of worn blocks, 3 in thick and 18 to 20 in deep. Braces. 2 by 4 in by 

2 ft. Block riffles, 20.5 in sq and 13 in deep, riffle strips, 1.25 by 3 iu by 5 ft 11.5 in long; aver of 19 
blocks per 12-ft box. A flume for seepage water (F, Fig 82,5), 13 in wide, 14 in deep, of i.5-in plank, 
was bmlt along one aide of sluice. 

Ex No 6. Bedrock Claim, Cal (391). Boxes, 14 ft long. Top rails, 2 by 7 in by 14 ft. 1 by 
0.5-in tongues were set in groove-s between bottom planks. Side lining composed of blocks 3 in 
thick by 20 in sq. Braces, 1.5 by 4 in by 2 ft. 27 blocks, 17 in sq by 13 in deep, iLsed os riffles in 

1 box; riffle strips, 1.25 by 3 in by 5 ft Cost per box, $3u.8fi, as follows; 650 bd ft lumber and side 
lining ^ $20 per M. $13; 704 bd ft blocks @ $14 per M, $9.86; 201b naiLs (4 5^, $1; labor, $2 to $3 
per day, $7. 

Ex No 7. La Orange mine. Cal; sluice used in 1880 (391). Boxes, 16 ft long, with 4 by 6 in 
posts at ends. Top rails, 1.5 by 8 in by 16 ft; braces, 1 by (i in by 3 ft; 36 blocks, 14 by 14 by 8 in, 
used in each box; riffle strips, 1.75 by 2 in by 4 ft, side lining, 1.5 by S-in plank, 16 ft lung. 420 bd ft 
of lumber required per 16-ft box, exclusive of riffles. 15 lb of nails used per box. Cost per box, 
$28.34, as follows; 420 ft lumber @ $30 per M, $12.60; 36 blocks ® 35^ each, $12.60; 15 lb nails 
@41/4^, $0 64; labor ® $1 to $2.50, $2.50. 

Ex No 8 Lorenz mine, Trimty Co, Cal (41.5). 600 to 700 miner's in wash 500 cu yd in 10 hr. 

Posts, silts, and braces are bolted together; sills are mounted on skids running full length of box and 
beveled at each end. Boxes are moved over bedrock to new positions by teams. Block riffles aie 
11 in or 18 in sq by 10 in deep; riffle strips, 2 by 2 in. Cost per box, about $20. 

Ex No 9. Union Hill mine. Trinity Co, Cal (415). Sluice is laid in an 8 by 8-ft tunnel, 1 300 ft 
long. Frames are of 1.5 by 6-in, 1.5 by 4-in, and 4 by 5-iii pieces. Riffle blocks,12 in deep and 11 
by 11 in to 18 by 18 in sq. Side liners of 2 by 10 and 2 by 0-in plank last about 3 yr. Riffle sticks 

2 by 2 in by 5 ft. .5(K) bd ft ot I umber used per box fur frames, bottoms ami sides; 525 bd ft for blocks. 
Cost per box; lumber, $16; blocks, $9, construction, $10. 

Ex No 10. River Bend mine, Stsaiyou Co, Cal (416). Sluice is at head of an hydraulic elevator. 
Frames are 4 ft c-c. 12 in sq bioi ks used for riffles, also ri^ils and transverse angle-iron riffles. 

Steal Bluiees arc used chiefly at the bead of hydraulic elevators (Art 126). They ore tight, 
have low frictional resistance and are easily bolted together; their cost is prohibitive in most districts 
(tail sluices tor dredges (Art 127) are an exception). 
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Curwt should be avoided if possible; they increase friction and wear, reduce velocity 
of the ;water, and if sharp cause splashing. Sluices are curved by making small deflection.'' 
at successive joints. Brigham (400) says a 5-ia “swing” ia the max permissibio for a 
12>ft box; for a sharper turn, use' 
a 4-4n s'wing on a 6-ft box, or 3.5-iu 
on a 4-ft box. Curves should be 
eased at both ends, and outer edge 
of boxes elevated i/s to s/s in per 
ft of sluice width. Grade of sluice 
should be steepened at curves; an* 
increase of 15% is derirable on 
short turns. Bowie (391) gives 
data on curves, relative to turn-in 
and turn-out sluices. These work 
well on steep grades, but require 
careful design on flat grades at 
connections with main sluice, 
otherwise gravel collects abo^'e or 
below the junction. Fig 827 shows 
a TtJBN-iN SLUICE, Carrying 1000- 
1400 miner’s in, adopted after 
many experiments. Radius of 
curvature, height of drop, width of 
opening at the junction, and grades 
as shown, were all at the limit on 
which the 2 sluices would nin uni- Fig 827. Turn-in Sluice at. Head of Tunnel, Delaney 
formly without depositing gravel. Claim, Patricksville, Cal (after Bowie) 

Tukn-out sluices, generally used 

for “fanning out” a dump, arc harder to operate on light grades than turn-in sluices. 

A 4-ft turnout was used at T.a Grange at a point where limited dumproom required sharp eurvea 
and grades w'ere oniy-2.7.5-4 in per 16-ft box. Originally, the opening at point of divergence woe 
14 ft wide, with a 1.5-in drop between main and turn-out sluices, and the latter was swung 4 in per 
16-ft box; it worked satisfactorily. On increasing the swing to .1 in, the boxes adjacent to the junc¬ 
tion choked, and the discharge had to be widened to 24 ft. It was found here that, in a 200-ft swing 
on a 2% grade, the greatest possible swing per 16-ft box was 8 in for a 4-ft sluice; but the curve could 
be increased in proportion to the grade. At the turn-in and turn-out a board must be placed 
diagonally across main sluice, to concentrate discharge and prevent formation of bars. 

Duplicate sluices are sometimes installed to avoid delays; one is cleaned-up while the 
the other is running; both usually empty into one tail sluice. In sluicing tin-bearing 
gravels, there may be enough concentrate to fill the riffles in a short time and require 
frequent clean-ups; in such cases, duplicate sluices allow continuous operation. 

Bulkheads. Head end of a sluice for hydraulicking is usually flared out by building 
diverging bulkheads (wing dams) on each side; these aid in c.oIlecting gravel and water 
as they flow back from the face, and assist piping in fallen gravel. 

H. L. Mead, in 1013, stated that the sluice mouth at La Grange, Cal, is 0 ft wide and 18 ft high; a 
heavy bulkhead of this height is built out from both sides. The giants generally work in pairs, first cut¬ 
ting down the bank and then swinging, following the 
fallen gravel toward the sluice and adding water to it; 
very heavy material may thus be washed into the sluice. 
The high bulkhead and high sides of sluice near its head 
allow gravel to build up and increase the grade; this, 
with the above method of washing, starts material 
down the sluice with a high veloe and increases its capao 
(305). 

Mud box (Fig 828) has been used on small sluices 
in Alaska as a puddling or dump bos; usually set at 
the sluice head; in late years it has become less com¬ 
mon. In it, sticky clay and mud are broken up and 
large stones forked out; it may be installed for the 
latter purpose alone in shoveling-in, if aluioe is too 
narrow to use a sluice fork effectively. Mud boxes 
have an apron 8 or 10 ft square at one aide of the bos, 

, Fig 828. Mud Box or Dump Box on a slope of 35 to 50°; gravel from cableway or derrick 
(after Purington) buckets, or from skips and power scrapers (Art 122), is 

dumped on the apron and slides into the box. Mud 
boxea are set on steeper gradee (10 to 12 in per 12 ft) than sluices; they are paved with pole, block 
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or rail riffles, and ooQeot much of the ooarse gold. For eluicee 12 to 10 ia wide they vary in length 
from 10 to 24 ft and in width from 30 to 48 in. 

Grade of sluicea ie usually expressed in terms of the fall in inches per box; if length of 
box is not given, it is understood to be 12 ft. Thus, a 6-in grade means a slope of 6 in 
per 12 ft. Grades should be uniform; fiat sections control the capac of the whole sluice; 
rifBes and linings in steep parts wear faster than others and the flow must be stopped for 
replacing them. For aver conditions, 6 to 7-in grades are satisfactory. If natural fall is 
not steep, gradegi as flat as 2.5 or 3 in per 12'ft box have been used for light gravel and 
earth. Flat grades reduce the duty of water (Art 123), limit max size of stones that can 
be sent through the sluice, and bonce increase labor cost for handling boulders. Lack of 
grade may be compensated by increasing the amount of water. Grades over 13 -14 in per 
12 ft are rare, as higher veloc of flow carries away ail but very coarse gold. 

At Forest Hill, Cal, some sluices worked on grades of 10 to 24 in per 12 ft. Water was soaroe and 
large stonoH had to be sluiced (391). See Table 112. Where the fall is unlimited, sluice grades 
depend largely on the kind of gravel; steep grades are required by ooarse, flat, sub-angular, or 
cemented gravel, and when much clay is present. In general, grades may be flatter, and a larger 
duty is obtained with a given grade and vul of water, when sluicing a mixture of large and small 
gravel. In rolling or sliding aloTig, stones stir up fines and keep them in suspension. 

Length of sluices should be suflicient to disintegrate the gravel and freo the gold. For 
loose gravel this is accomplished in 100-300 ft. Crude shoveling-in operations in Alaska 
often use only 3-6 boxes; lengths 36-72 ft (390). No attempt is made to save very fine 
gold. Dkops (vertical falls) may be installed (where topography allows) to break up 
cemented gravels and lessen sluice length. General practice is to lengthen a sluice so 
long as the yield from lower boxes exceeds cost r>f installing and ojierating them. Veloc 
of flow largely determines the minimum size of eolors caught by riffles; hence, a greater 
length than needed to disintegrate the gravel is useless. Short sluices with drops and 
undercurrents (Art 125) are often more effic gold-.saverB than long sluices without them. 
Very long sluices may he needed to transport gravol to dumps; their low'cr parts are called 
TAiL-snxucES. For examples see Tables 116, 117, 118 (notes), and under Cost and oper¬ 
ating data, Art 123. 

Cross-section of sluices is proportioned to amounts of water and gravel and to veloc of 
flow, which In turn depends on grade. For minimum first cost and wetted fierimeter 
(hence for minimum frictional resistance and mux discharge for a given cross-soc) the sluice 
width should be about tw'ice the depth of stream, as in flumes (Sec 38, Art 15); it may be 
impossible to retain this ratio in large sluices. Depth of water should suffice to submerge 
the largest stones. Width of sluice is adjusted to depth and grade, for the required capac. 
Fine gravel containing fliio gold should have very shallow, wide sluicea, on steep grades 
(see Undercurrents, Art 125). The tendency for riffles to pack increases with depth of 
stream, which ia usually 6-12 in. 

W. A. Newman (618) gives accompanying data on aver 
Calif practice in medium gravel that could be washed at 
rate of 3 cu yd per miner's in per day; grade, 5-7 in per 
12 ft; widths are inside of side boards, before inserting 
liners. To reduce first cost, and facilitate cleaning out 
and replacing riffles, the height of sides of a sluice should 
not exceed 1.3 to 1.5 times the depth of stream. For 
sluices in deep ctils in firm ground, sides may be Ic'wor 
than for those on or above the surface. If surface sluices 
clog and overflow', much of the gravel in them alxive point 
of overflow must lie shoveled out (406). 

Water required. Data given under Duty of water in hydraulicking. Art 123. are 
unsatisfactory, as the cutting capac of giant water may be greater or less than its sluicing 
capac, depending on character of gravel, grade and riffling of sluir'e, etc. Data in Tables 
115, 116, 117 refer to duty of total water entering a hydraulic-mino sluice. 


Miner's inches 
of water 

Width, in 

206-300 

24 

400 

30 

600 

36 

1 000 

40 

1 500-2 000 

48 

3 000 

60 


The water used in a small sluice for ehoveling-in (Pig 823) is known os a “sluice-hcad," irrespec¬ 
tive of its quantity: it varies fiom 30 '.o GO (occustoiially os much os 100) miner's in fur sluices 10 to 
14 in wide set on grades of 6-8 in uer 12-ft box. lu British colonies this term means a flow of 1 
cu ft of water per sec (394). 

Cslcalations of sluice grades, cross-sec, vc<oo of flow, etc, can not be made accurately, because the 
complex relationships between the factors are not wholly known, and few experiments have been 
made to determine the necessary empirical constants. Most authorities suggest some modification 
of Chasy’z formula. Sec 38, as a basis. For examples see Bib (394, 388, 417). 
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The author's calculations of n in Kutter’s 
formula (fc'eo 38), for a few sluices where all neces¬ 
sary data are available, show values from 0.027 to 
0 04. Osculations should be checked against 
actual operations under similar conditions; Tables 
in Art 123, 124 are helpful. Geike gives the accom¬ 
panying data on veloo of streams required to move 
materials of different siies (418). Somewhat 
smaller velocities suffice for sluices. 


Van Wagenen (417) states that a 
veloc of 200 ft per min is necessary to 
move pebbles the sice of an egg, 320 ft 
for stones of 3 to 4 in diam, 400 ft for 
boulders of 6 to 8 in diam, COO ft for 
boulders 12 to 18 in diam. G. K. 
Gilbert’s experiincnts on stream and 
flume traction are also suggestive. 
Bib (410). 


(a) Depth of flow, 6 to 7 in. (ft) Depth of flow, 10 in. (c) Height of aide, in this and following 
examples, is 0..’i to 0.75 width of sbiJee; depth of flow, 0.33 to 0.5 of clear inside depth of sluice. 
Duty of water (Art 123) must be known or assumed in designing a sluice for a given amount of gravel. 

Conversion factors for sluirc calculations: Inches of fall per 12-ft box X 0.694 = % 
grade; inches per IG-ft box X 0..W1 => % grade; fall in ft per mile X 0.027 = fall por 
12-ft box, in; miner’s in of water X 0.025 = i.*ii ft per sec; cu yd of gravel per 24 hr 
X 0.000312 = eu ft of gravel per sec. If D = duty of 1 miner’s in, in cu yd of gravel 
washed per 24 hr, and the flow of water and gravel is uniform, then 80 -r D ■* ratio 
between cu ft of water per sec and cu ft of gravel per sec. 

126. RIFFLES, UNDERCURRENTS, AND OTHER 
GOLD-SAVING DEVICES 

Riffles have 3 chief functions: (o) to retard material moving over them and give it a 
chance to settle; (b) to form pockets to retain gold which settles into them; (c) to form 
eddies which roughly classify the material in the riffle spaces. Their exact operation is 
not well understood. Strength and shape of eddies (the " boil” of the riffle) is affected by 
shape and spacing of riffles, their position with respect to direction of flow, and the veloc 
of current. The boil must lie strong enough to prevent riffles from filling with heavy sand 
(packing), and not too strong to prevent lodgment of gold. 

Features of design of rifllcs, especially for large-scale hydraulicking, are stated by Bouery (420) as 
follows: (a) They should oppose minimum resistance to flow, in order to get high duty from the 
water, (ft) They should resist wear, to reduce cost of replacing and maintaitiiiig them, and to preserve 
their gold-saving capacity. Effect of wear on gold-saving should be considered in design and chmee of 
material, (c) They should be sufficient in number to save all the gold commercially recoverable. 
The ultimate economy of a high-cost material, as manganese or nickel steel, compared with cheaper 
structural steel, may be determined thus: Let A and X representVnaker’s cost of 2 materials a and ft, 
and B the cost of transport for either. Assume that the life of the cheaper material (a) is 1 year, that 
of the high-prioed material (6) is N years. For equal costs at the end of S’ years, X' -)- B •• Y (A -f IS), 
or X ^ N (A + B) — B. If this equality exists, or if X is greater than N (A + B) — B, there is no 
economy in purchasing high-grade material. If X is less than N {A + D) — B, the economy of high- 
grade material increases approx with N. Good material saves indirectly ailso, by reducing unit cost 
of labor and interruptions due to replacing worn rifllce (420). 

Riffles for small sluices. Fig 829 shows forms commonly used for shoveling-ia 
(Art 121). The pole riffle (a) is a favorite in. Alaska for coarse gold; (b) is the same form 
made of sawed lumber; (c) transverse (or "Hungarian”) riffle offers greater frictional 
resistance, clogs more easily, and costs more than (a), but is a better saver of fine gold. 
In a string of boxes, both types are commonly used. Small riffles are fastened by nails 
driven into them through aides of sluice; as the nails are not driven home, they ore easily 


Table 119. Capacity of Sluices 


Sluice 

Grade 

Miner’a in of 
water 

Bib 

No 

Width, 

in 

Height of 
•idc, in 

per 12-ft 
box, in 

10 to 12 

(«) 

6 

30 

(286) 

12 to 14 

(W 

9 

67 

(286) 

72 

36 

6 to 7 

2 000 to 3 500 

(391) 

48 

30 

3 

8 -r) to 1 500 

(391) 

48 

30 

6 

2 000 

(391) 

36 

30 

2.2S 

600 to 1 000 

(391) 

36 

(c) 


200 to 600 

(406) 

48 

60 

72 

96 

120 



400 to 1 200 

1 000 to 2 500 

2 000 to 4 000 

3 000 to 5 000 

4 000 to 7 000 

(406) 

(406) 

(406) 

(406) 

(406) 



15 

Begins to wear away fine clay 

£ e 

30 

Just lifts fine eand 

g"!. 

40 

Carriee sand as coarse as linseed 


60 

Moves fine gravel 

> s. 

120 

Moves pebbles of 1 in diam 


Ueo 

“ " of egg sise 















10-666 


PLACER MINING METHODS 


pulled when rifQcs are removed for clean-ups. Wedges may be used instead of nails, but are 
troublesome. 

RifSes for bydraulicking are of many kinds; their importance demands description in 
detail. In recent practice, the usual types are steel-shod Hungarian and longit rifSes. 

Cobble or rock riffles (Fig 830) are cheap and resist wear well if of hard rock; their 
life averages about 6 times that of wood blocks (406). As the surface is rough, they 
require steeper grades than other riffles. They are well adapted to tail sluices which are 
cleaned up infrequently, as they are difflcult to take up and relay. 

Block riffles (Fig 831), where timber is cheap, are often the most economical form 
for the upper parts of sluices, as they are quickly taken up and replaced. They make 



Fig 829. Riffies for Small Sluices 


-13 

1 

1 Dk...L 
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« 
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a smooth pavement on which stones may roll or slide, end work well. The blocks are 
8-12 in deep, set in transverse rows separated by “riffle strips,” and are square so that 
W'hen worn they may be turned to give the smoothest surface; side of the square is an 
even divisor of sluice width. It is usual to set blocks in adjacent rows to break joints, 
because longit cracks enlarge quickly and force earlier renewals. At a few mines, better 
gold recovery is claimed for a pavement in which joints are broken as above, but longit 
spaces are also left between the blocks of each row (390). 

Blocks are held in place by the side lining and riffle strips. Each strip is nailed to a row of blocks 
with headless wire niuls, which arc not driven home but project from 0..5 to0.7.5 m. Ihcadjacent 
blocks are driven against these niiils until they rest solidly against the riffle strip. For dimensions, 
see examples following Table 118. 

The objection to block riffles is their rapid wear under heavy service; their life depends on quality 
of wood, sluice grade, character and quantity of gravel, and amount of water. I.oug-grained wood, 
which “brooms up," is best; hard wood is not deEirable. Cln a given grade, the laigcr the ratio ot 

water to gravel, the less the 
wear (391). Blocks worn to a 
thickness of 4 or 5 in are dis¬ 
carded, or used for lining 
the sides of sluices. Bowie 
gives accompanying data 
from early Caiifornia mines 
(391). 

At Manzanita mine, and also at French Corral mine where similar figures were obtained, poorer 
timber was used for blocks than at North BloomCeld. P. Bouery, in 1913 (420), states that in &-ft 
sluices at La Grange the life of 13-in blocks was 45 days to 3 mo; those in the higher boxes lasted 
longest. On increasing the duty of water 40%, the life of blocks decreased 60%, so that a clean-up 
was necessary every 17 davs. Consequent delay and expense, and limited supply of pine blocks, led 
to use of manganese-steel riffles (Fig 836). 

Longitudinal rail riffles (Fig 832) are of 20 to 40-lb HR rails, in lengths to 20 ft, usually 
set upside down and spaced 3 to D in or more apart by wooden or C-I spacers. On a given 
grade, rails will run as much f..ies and more boulders than blocks (406); they are largely 
used in the upper boxes of sluices, as they wear fairly well and ore easily taken up. 

Transverse rail riffles. Bouery’s experiments at La Grange, Cal (see under Block 
riffles), published in 1913 (420), give valuable data on riffles for large hydraulic sluices: 
Ls Grange sluice is 6 ft wide, on a grade of 7 to 8 in per 12 ft; depth of water, 12 to 16 im 


Locality 

Width of 
sluice, ft 

Grade, in 
per 12 ft 

Depth of 
blocks, in 

Life of blocks, 
in-dnys of water 

North Bloomheld 

6 

6.5 

13 

175 000-200 000 

Manzanita mine. 

5 

7.0 

13 

100 000-150 000 

T.ia Grange.... 

4 

3.0 

8 

100 006-110 000 
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Experiment showed that transverse were superior to longit rifBes. A rock or a sand 
particle may remain in contact with and wear the web, flange or head of a longit rail 
throughout its entire length, but wears only the top of a transverse rail. Longit rails 8 in 
apart wore faster than those spaced 5 in. 40-lb longit rails, spaced 5 in, were discai'ded 
after passing 0 600 0(X) miner’s in-days of water; 40-lb transverse rails, spaced 5 in, 
passed 14 400 000 miner’s in. 5-in spacing (c to c) proved best; different spacing might 



Fig 832. X^ongitudinal 'Rail Riffl»;a (after Fig 833 Fig 834. Transverse Rail 

Purington) lUffle, La Grange, Cal 

be advantageous for other grades or depths of water, but Bouery puts the economic interval 
between 4 and 6 in; spacing less than 4 in increases first cost; spacing greater than 6 in 
interferes with free passage of boulders. 45-lb rail was selected for the first experiment; 
16 and 25-lb rail w'ere considered too light; 65-lb rail had too large a web and flange in 
proportion to its head; 40-lb rail was finally found to be the most economical. Rails wore 
set on a series of 2 by 6-in wooden riffles, separated by blocks (Fig 833); rails alone do 
not form sufficiently deep pockets, and they allow eddies whi< h wear the sluice bottom. 
This system proved much more efficient for catching gold than the previous block riffles, 
and the gravel never packed hard laitween the rails. 7 spacing blocks had to be set between 
each pair of rails (Fig 834). Wear is greater in center than at sides of sluice, and rails 
bend before wearing out, unless rigidly supported. By using 7 spacing blocks, rails could 
be used until tliey were 62.6% worn, instead of 37.5%,, as was the case with 3 or 4 spacers. 
Ends of worn rails, utilized to protect the sides of sluices (Fig 835), were held in place by 
nails bent over the flange of top rail, and by a 2 by 6-in plank. Side rails did not increase 
the duty of water materially, but decreased cost of replacing the blocks formerly used; 
they last 6-7 years: duty, alx>ut 30 million cu yd of gravel. 

Further experiments, with cast and alloy steels, showed manganese steel to be the most eco- 
nonucal. Many forms of riffle were developed, aiming to lengthen their life and to utilize worn rails. 
Fig 836 shows a manganese-steel riffle considered by Boueiy to have all the requisite qualities, viz: 
high gold-saving capac, slow wear, good setting, rigidity, and security against theft of gold. Some 
of them passed .'>2 SCO 000 miner’s in-days of water and from 12-15 million cu yd of gravel before 
they were discarded. Fur further data, see Distribution of gold in sluices, and Bib (420). 



Fig 835. Rail Side Lining, La Grange, Cal Fig 836., Bouery Maoganese-eteel Riffle 

Wooden Hungarian riffles, shod with iron straps, similar to Fig 829, c, but made of 2 by 4-in 
or larger scantlings, may be us^ where rails are not available. They resemble rail riffles in respect of 
gold-saving, but have shorter life and are less convenient. 

Angle-iron riffles (the Evans riffle) are of the Hungarian type. They have been used chiefly in 
hydraulic elevator sluices (Art 126), on tables and tail sluices of dredges (Art 127) and soinetinies for 
small oiien-cut work (Table 113) and hydraulicking. Size of angles varies from 1.5 by 1.5 by I /4 in 
for small-sized material, up to 2.5 by 2 5 by 3/g in. Fig 837 shows one method of holding angles 
in place. They are set with the vertical leg on the upstream side; clear space between them, 0.26 to 
3 in. Close spacing gives a weak eddy and the “dead water’’ space is said to be a good fine-gold 
saver, assuming that the current velocity allows such gold to settle on the riffles. T-iron may be 
used instead of angles. 

C-I grate riffle (Fig 838) has worked well in small sluices on Seward Peninsula, Alaska. It is 
kgbt, easily handled, and can be set so that the long dimension of slots is either transveree or longit; 
the latter setting is thought best (390). 
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High-carbon ateol platoa have effected important eeonomiea at several large mines, where used 
aa riffles and as linings for tail-siuioes. They reduce friction, compared with wood block or other 



veer sec, showino ancles in place 


Fig 837. Riffle Castings for 2 by 2-in Angle Slg 838. C-I Riffle (after 

6/18 or 3/8 in thick Puringtou) 


pavements, and are especially useful on limited grades. The steel contains 0.8-1.2% carbon; in some 
cases it is found that the outside skin of the plate is more resistant to wear than the interior. Plates 

are commonly 0.5 in thick, of same width as sluice and of various 



Fig 830. Support for Sted 
Plate, Ruby Cr, B C 


lengths. Fig 839 shows modes of supporting plates 12 ft long. A 
2-in space and a 0 5-in drop is left at end of each plate. Supports 
T are 6 to 8 -in logs, 12 ft long, sawed flat on 2 rides and tapered 
from 3.5 in at upper end to 4 in at downstream end. Plates are 
held down by 3 by 10-in lining boards. This made a good riffle and 
increased the sluice capacity about 40%; angular blasted boulders 
30 in long could be sluiced, aa against 20-in pieces with block riffle 
(412).^ At Waldo, Oregon, plates 20 by 30 in were set on 2 by 4-in 
cross joists; the plates were 1.5 in apart; no drop was used (422). 
The Quesnelle Co, B C, used plates 58 in sq in a 6 -ft sluice, separated 


Table 120. Riffles at Hydraulic Mines of Western XT S in 1932 (17) 




Weavcr\illB, Cal.... 
Douglas City, Cal. . 
Douglas City, Cal . 
Junction City, Cal.. 
Wash. Camp, Cal... 
Comptonville, Cal.. 

Helena, Cal. 

C'enterville, Idaho.. 
Centerville, Idaho.. 
Emigrant, Mont.... 
Virgiiiia City, Mont 


Gold Cr, Mont... 
Gold Cr, Mont... 
Sheridan, Mont.. 
Superior, Mont.. 
Townsend, Mont. 
York, Mont. 


Baker, Oreg. 


19 Leland, Oreg. 

20 Q'Brien, Oreg. 


21 I GaHoe, Oreg. 


Type of Riffle 


Wood, cross. 

Wotjd blocks. 

Hungarian. 

Wood blocks. 

Wood blocks. 

Wood blocks. 

12-ft rails. 

Hungarian. 

Angle iron. 

Angle iron, V4'in. 

Hungarian, 10 4-ft secs... 
16-lb rails, I 12-ft length.. 

Poles, 4 6-ft lengths. 

Cast-iron bars, 4 ft long... 

<• II II II 

40-lb, 30-ft roils. 

5 Vs-ft poles. 

6-ft poles. 

16-ft strap iron (a). 

Wood blocks. 

lO-ft rails, 2 lengths. 

&-ft poles, 10 lengths. 

Hungarian, last 100 ft. .. . 

Wood, cross. 

Wood blocks.. 

Angle iron. 

3-ft, 40-Ib rails, lengthwise 


Height, Spaced c-c, 



(a) Suivarted on 2 by 4-in wooden arose strips, spaced 4 ft. 
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by a 2-iu apftoe and a 0.5>in drop. A number of boxes at head of sluice were paved with manganese' 
steel rail riffles which extracted most of the gold (421). Table 120, from Gardner and Johnson (17), 
gives data on riffles installed in the same sluices (correspondingly numbered) as those for which 
other data are found in Table 116; lengths are stated only for longit riffles; width of sluiee fixes 
length of cross-riffles. 

For further data on riffles for fine material, see Undercurrents below, and Dredging (Art 127). 

Side linings are required to protect the sides of large sluices; also they often furnish a 
means of holding riffles in place. Plank liners are common (Fig 831), 1-in for smaller 
sluices, 2 to 3-in for wide sluices with a high head of water. Where block riffles are used, 
worn blocks are placed on the sides; they serve for tail sluices, but are inconvenient where 
frequent clean-ups are necessary. See Fig 835 for rail linings. Height of side linings need 
not be more than 2 or 3 in above normal level of the stream of water and gravel. 



Fig 840. North Bloomfield Undercurrent (after Bowie) 


Undercurrents are intended to save fine gold which will not settle in the sluice. Fig 840 
shows the North Bloomfield undercurrent, fairly typical for large Calif sluices; it is a 
wide sluice, set on a heavy grade at one side of and below main sluice. 

Bowie gives following details: Across the main sluice, at some point where a drop can 
bo made, is placed a grizzly, over which coarse material aftd some water passes; the under¬ 
size falls into a spill box and runs thence through a distributing sluice (grade 2-'3%) to 
the undercurrent proper. The latter is a shallow box, 20 to 50 ft wide and 40-60 ft long, 
divided into sections by vert partitions for convenience in placing riffles and cleaning-up, 
and to allow better control of the distribution of material. Undercurrents are paved with 
small wooden blocks, cobbles, or pole riffles shod with iron; grades required for these 
riffles are 14, 16 and 12 in per 12 ft, respectively. Depending on location of the under¬ 
current, its tailing and water are discharged directly or led back to the main sluice, which 
extends below the drop at which undercurrent is erected. Width of undercurrent, 8 to 
10 X width of main sluice. A wide undercurrent costs slightly more to clean up than a 
narrow one, but is often more effic; at French Corral, with a 6-ft sluice, yield of first 
undercurrent (20 ft wide) was 20% of yield of all; 10 ft added width increased yield to 
27% of total (391). 
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PLACEB MINING METHODS 


Modern undercurreata of this general type vary videly in detail. GrizzlieB in aluices 
20-36 in wide are made of 8 to 12-lb rail, 0.75-in round or octagonal ateel, or ateel flata; 
apacea between membera, 0.25-1 in. In large aluices, gruzUea are usually of V-ahaped 
ateel bars, either etationary or so supported that they will rock under the impact of 
boulders; rails are also used; openings vary in width to 2 in. Space occupied by grizzly 
is full width of sluice bottom; its length in direction of flow ranges from a few to 18 in, 
usually found by trial. Grizzly bars transverse to sluice remove sand with leas loss of 
water than longit bars. Grizzlies are placed on grades which may be flatter or steeper 
than the sluice grade. Any device that will slow up the current just ahead of a grizzly 
is desirable, as it gives sand and gravel a chance to settle and pass to the undercurrent. 

Hungarian riffles of small angle iron, or of wood shod with iron, are also used for undercurrents. 
For saving very fine gold, carpet tufted with chicken wire, cocoa matting with expanded metal, and 
burlap tables, are employed at different mines. The ideal location for the form of undercurrent in 
Fig 840 is near the dump, eo that large material need not bo conducted far below the grizzly. This 
ie not always feasible, and several other undercurrents are often built at intervals along a sluice. A 
min foil of about 5 ft ie required where the undercurrent water returns to the sluice; the sluice grade 
can therefore be steepened from the grizzly to the point at which undercurrent water reenters. For 
further detail, see Bib (.390, 391, 406, 394, 423, 424). Though the above undercurrents remove large 
quantities of water from main sluice, some sand and gold pass over the grizzly with oversize. In 
email sluices, these difficulties aie partly overcome by a different type of undercurrent. Fig 841 
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Fig 841. Undercurrent (after 
Ellis) 



shows an undercurrent introduced at Fairbanks, Alaska, in 1914. It greatly increased the saving 
of fine gold, as compared with the old type, but it was necessary to clean up the boxes every 2 days, 
since its effio decreased greatly thereafter. Two boxes of a string (passing a max of 150 cu yd of 
gravel per day) were fitted with this device; one was cleaned up each day, the blanket or cocoa mat¬ 
ting being washed in a tub. On a claim where much fine gold was present, this undercurrent recovered 
20% of the entire clean-up, and changed an operating loss into a profit (414), Fig 842 is a moffified 
Caribou riffle or undercurrent regarding which Piiringtou says (390); Hungarian riffles of wood or 
iron, carpets, plush or blankets, are placed in the sluice bottom under the screen, depending on char¬ 
acter of the fine gold. This device affords cheapness, flexibility, and simplicity, but will not give 
good results with unpuddled clayey gravel. Experiments with punched plates in New Zealand 
showed that holes less than 3/g-in diam give too small a discharge and are apt to choke; 7/jg-in 
bedee passed too much water and material. These results were obtained in treating marine gravd 
eontaining fine shingle (425). Proper size of holes in any locality is a matter of experiment. On 
Snake River, Idaho, a different form of Caribou riffle and undercurrent has been used, in which the 
heaviest concentrates are drawn off continuously through holes in sluice bottom. This allows 
collection of black sand containing valuable minerals other than gold which require further treat¬ 
ment (426). 

Bulowat Syndicate, New Guinea (458) in 1938 was working an alluvial deposit 12-30 ft deep, 
resting on clay and having 2/g of its gold close thereto. Gold particles are flat, and 3/4 of output is of 
pin-head rise. Deposit is ground-sluiced with 30 ou ft per sec (1 200 miner's in) of bank water at 
300-700 eu yd per day, by 90 natives on 2 shifts. Sluice, 48 in wide, grade 0.6 in per ft, has 30 ft of 
angle-iron cross riffles spaced 3 in, and 50 ft of small riffles 0.75 in apart. Next 10 ft of aluiee haa 
8/g-in slota from side to side, spaced 3 in, followed by 20 ft of S/g-in plate drilled with 0.76-in holes on 
1-in centers. These aperture drop about half the water to undercurrents, which are in duplicate, 
one on each ride. Each is 50 ft wide by 18 ft long, composed of 15 tables 2 ft wide, sloping 0.125 in 
per ft. Riffles are wood, 1 by 1 in. set 1 in apart. Flow over the undercurrent is 4 ft per sec. com¬ 
pared with 9 ft per sec in the riuioe. Uec of undercurrent adds 25-30% to recovery of gold under the 
eziating conditions. 

Operators disagree as to the use and value of undercurrents. Where the gold is fine 
the weight of evidence is in their favor, if they are properly designed and cleaned up often 
enough to do effic work. At La Grange, Cal, after riffles like those in Fig 836 had been 
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installed, underourrents -were discarded, as they clogged and the gold recovered did not 
pay cost of cleaning up (420). Of 39 placer mines in western U S described in (17) as 
operating in 1932, only 10 had undercurrents, and some were of doubtful advantage. 

Use of mercury in riffles and undercurrents is quite general; amalgam is easier to handle 
in clean>up8 than fine gold; some gold, otherwise lost, is always saved by amalgama> 
tion. Where much coarse gold occurs, mercury is omitted in a few boxes at the head of the 
sluice, to avoid the trouble and coat of retorting coarse gold amalgam. 

When Hg is used, sluicing begins with a small head of water, until all cracks and leaks are 
stopped. The water is then shut off and riffles in upper part of sluice and undercurrents are charged 
with Hg. More is added from time to time, as needed to keep a clean surface of Hg exposed. 
Amounta of Hg vary; a common initial charge for large sluices is 2 to 3 flas^ (76.0 lb each); for 
large undercurrents, 80 to 160 lb. Mercury must be clean and in charging all splashing or spatter¬ 
ing should be avoided; otherwise minute globules are formed which float away. I.oes of Hg ia 
inevitable; it varies from 4 or 0% *>f the total amount used to .30% under poor conditions, averaging 
perhaps 10 to 10%; loss is least in well built, long sluices, provided with uuderourreuts (391. 394). 

Cieaning-up consists in removiog the riffles and collecting gold and amalgam. Interval 
between clean-ups is made as long as possible, to reduce the delay they cause; often the 
lower parts of a sluice are cleaned up only once in a season. Clean-ups are required when 
worn riffles must be replaced, and when much gold has collected, as in the first few boxes 
of a sluice handling rich gravel; danger of theft often influences frequency of clean-ups. 
Cleaning-up begins at the sluice head, by removing a few riffles and turning in a small 
flow of water. The concentrates are worked over with shovels or scoops; as they wash 
slowly down the sluice bottom, the gold and amalgam lags behind the black sand, etc, 
and is scooped up into pans or buckets. The process is repeated in next lower section. 
See Bib (17, 414, 391, 398). 

Distribution of gold in sluices. Moat gold is caught near the sluice head. Bowie 
estimates that an aver of 80% of total yield of large sluices is recovered in first 2(X) ft of 
length, according to results at several early Calif mines (391). In Alaskan shoveling-in or 
small open-cut work, the dump box and first .3 or 4 boxes below i( retain most of the gold. 
Distribution depends upon nature of gravel, shape and size of gold, and amount of clay. 

Table 121 shows results of experiments by Bouery, at Ta Grange, Cal, in 1910, to determine tbs 
distribution of gold of different sues; the tests lasted 15 days (420). Value of the amalgam, tl3.50 


Table 121. Distribution of Gold in Sluice Boxes, Da Grange, Cal 



Total golil 
recovered, 


Sizing test 

1 on gold recovered in different boxes 


Box 

number 



Mesh, per cent 



9Z 

+ 10 i 

-10+50 

-50+100 

-100+150 

-150+200 

-200 

5 


45 8 

50 7 

1.4 

0.4 


1.4 

6 to 16(a) 

831(b) 


78.8 

2.2 

0.9 


0.8 

22 

26.2 

6.5 

76.1 

11.6 

2.6 


2.3 

48 

4.15 

4.8 

58.1 

28.3 

3.2 

1.3 

4.3 

88 

0.65 

2.8 

18.6 

72.6 

1.2 

4.0 

0.8 

136 

0 14 

i 0 

36.8 

18.8 

29.9 

7.6 

6.9 


(a) Inclusive. (h) 80,69,88, 68,75,108,101,100, 63,4^ 43 os in these boxes. 


per os in the head boxes to $6 in box 136. Head boxes did not show the highest saving, as they were 
often blocked by boulders and sand (Bulkheads, Art 124}. Such experiments permit accurate 
determination of the point beyond which the gold recovered doe^ not repay construction and main¬ 
tenance of added sluice length. 

Loss of gold in sluices can not be accurately determined. The gold content of gravel 
treated is 1. t known exactly, and there is no way to sample it or the sluice tailing during 
operation. In large low-grade placers, as at Oroville, Cal, ample opportunity is afforded to 
compare aver values computed from churn-dnll exploration with actual recoveries on 
dredges, and empirical factors have been developed for di.scounting chum-drill samples. 
Such factors represent a combination of errors in sampling and losses in gold-saving appa¬ 
ratus, and can not be UB*jd in other localities. Drill and shaft samples in rich Alaskan creek 
placers often give results widely different from recoveries obtained later by hydraulioking 
or simple open-cut methods (447) (Sec 26). 

Purington estimates that Alaskan shoveling-in recovers 80-90% of total gold (390). 
Different authorities place recovery with ordinary sluices and undercurrents at 60-^%; 
it muM vary with character of gold, as well as Uiat of the gold-saving devices. 
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PLACER MINING METHODS 


SlulcM act SB ninwaya for material ranging from large Btonea to find aand. Vdoe of current 
must Buffice to aweep the courae material along. Gold ia aeparated from other heavy concentrate 
by the claaaifying action of irregular eddiee act up by rifiBea; a atrong "boil” ia required to prevent 
riffles from parking. These conditions, combined adth an irregular flow of water in hydraulicking 
and intermittent cleamupa, are not conducive to saving fine flaky or spongy gold and are reaponaible 
for losses. Undercurrents reduce this loss, if properly oared for. but no known device will force all 
of the fines to pass through a stationary grissly on sluice bottom and leave enough water to carry on 
the oversize. Nearly all placers worked on a large scale have a very low gold content, and in spite 
of losses these simple gold-saving devices probably make nearly the max profit, in view of any recov¬ 
ery obtainable. This discussion does not apply to small gravel containing very fine gold only (as on 
tbo Snake Kiver, Idaho, and in certain beach Bands), nor to gravels containing valuable minerala 
besides metallio gold, which present problems still unsolved. Bib (300,427, 424, 382). 


126. ELEVATORS 

Elevators of several types are employed to secure artificial dumproom at placers lacking 
natural facilities for dispersal of tailing, and w'here conditions prohibit dredging. 

Hydraulic elevators (Fig 843, 844) were formerly used widely; at present, they are 

found mainly in isolated places where 
more effic power etiuipment can not 
be applied. The excavated gravel, 
with the giant water and seepage, is 
conducted in ground- or hox-sluicoa 
to the foot of elevator, which deliv¬ 
ers it to a sluice on surface leading 
to the dump (.385, 394, 390, 397). 
The surface sluice is u.sually short, 
with or without undcrcurronta. 
Field of use is in flat placers lack¬ 
ing sluu-e grades and dumproom, 
hut having ample cheap water under pressure. Depths of gravel range fiom a few 
ft to 90 ft; deptlis of 20-25 ft are favorable, as they allow much gravel to be mined 
from 1 set-up of elevator, without excessive lift. Boulders (or buried stumps and timlwr) 
too large to pass through the elevator increase operating cost, as they must bo blasted or 
handled by derricks; if too numerous, they may 
prohibit elevator work. The elevator is incfllcicnt 
and wasteful, but useful where necessary water is 
available. 

Elevator construction and operation are 
shown by Fig 844. For dimensions, weights, and 
capacities, see makers’ catalogues. 

Water under press is discharged upwards 
through nozzle N ; in passing through the throat 
area, T, it sucks in water, gravel, and air through 
intake opening O. The force of the jet elevates 
the aerated column of water and giavcl through 
upcast pipe P, the upper end of which projects 
through bottom of first box of the surface sluice. 

To prevent spattering, this box is covered and is 
provided with a liner (“hood") which diverts the 
discharge laterally. The hood and throat take 
the most severe wear, and are usually of manga¬ 
nese steel; special steels may Ins used for other 
parts. The upcast may be a riveted or welded 
steel pipe, with slip or flanged joints, depending 
chiefly on height of lift. Evans elevator has an 
auxiliary suction opening on each side of the main 
intake, to allow air to entei the elevator if main 
intake clogs; suction openings may also be extended by pipes to low places on bed¬ 
rock and used to suck out seepage water. The sump at foot of elevator is usually 10 or 
15 ft sq and about 4 ft deep (385). Bedrock sluices may dump into the sump, or 
directly into the elevator intake; latter plan is best, as the suction bead should be 
small. The upcast usually has a slope of 60“-70“; makers of the Evans elevator state 
that it works best at SO**. Elevators are sometimes set vertically, or on slopes as flat as 
42* (394). 



Fig 844. Hendy Hydraulic Elevator 





Fig 843. Elevator Pit (diagrammatic vert sec) 
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Water required. The elevator nonle water will lift from 0.6 to 1 X ita own vol of 
outside water. Hence, 60-66% of the pressure water available is assigned to the elevator, 
and the rest to the giants; the higher figure is conservative (note experience at Swasiland, 
below). Distribution of water between elevator and giants is controlled by siae of nosslea 
used on each (see Flow through nozsles. Art 123). 

Max height of Uft for economical operation is about 17% of the effective head at 
elevator nozzle. High heads are proportionately more effective than low ones; the lift is 
also affected by size of gravel and slope of upcast (394). Ordinary range of lift is 10-20% 
of the head on the nozzle water. Higher lifts may be overcome by compound or step-lift 
elevators; 33% of the press water is then used in the bottom lift and 67% in the upper, 
which hM a larger upciwt. This requires abundant water supply, but approx doubles the 
lift obtainable with a single elevator. With cheap elec power or fuel supply, the natural 
press of the elevator nozzle water can also be boosted by stage centrifugal pumps. These 
devices are rarely used. Max size op gbavel depends on the throat diam. To prevent 
serious clogs, a grizzly is necessary in the bedrock sluice; its bars are spaced at least 1 in 
closer than the throat diam. 

Capacity of elevators. The gravel forms at most 6% (usually 2-3%) of the total wt 
lifted; hence, in estimating capacities, only the water needs to be considered. 

There are no exact rules; the capac in a given case varies with the ratio of pressure 
head to lift, the effective head and vol, regularity of flow of gravel and water to the elevator, 
and also with the giant-water duty. The latter is a major factor in determining size of 
elevator. If there is much seepage water, which reduces the capac available for elevating 
giant water, a wateb lipteb (practically a small elevator, with a suction pipe instead of 
an open intake) is often installed to drain the pit. 

Efficiency of an elevator is expressed by; E = //(62.4W -f-A') -5- 62.4iV(//i — H), 
where E — % effic; // = height of lift, ft; H\ = effective head at nozzle; W = cu ft per 
min of giant, seepage, and bank water; S = wt of gravel elevated per min (placer gravel 
normally w'eighs about 3 000 Ib per cu yd); N —■ water discharged through elevator nozzle, 
cu ft per min (397). Effic is usually only 10-20%. Longridgo cites 12 elevators in N Z, 
operating on lifts of 13-67 ft with water under heads of 200-448 ft, the effic of which 
(omitting wt of gravel) was 20-33% (394). 


Wild Goose Mining Co, 
Ophir Cr, Council District, 
Alaska. Data in Table 122, 
contributed by W. H. Lana- 
gan and C. H. Munro, are 
retained from previous edn 
of tins book, as representing 
former large-scale work in 
Alaska. For further detail, 
aee 2nd edn, pp 924-926. 
Subsequent work of that 
kind on Ophir Cr has been in 
gravel 4-10 ft deep lying 
mostly on slabby limestone, 
irregular and difficult to 
clean (188). Such mining has 
been conducted only dxiring 
those parts of the working 
season when men and water 
could be spared from the Co’s 
dredges. From 1918 to 1921 
incl, a total of 96 8SS cu yd 
was worked by elevators at 
aver cost of 31.3^ per yd, 
excluding deprec and men- 
agement, but including pro¬ 
portionate share of ditch 
maintenance. In 1919 only 
11 050 cu yd could be han¬ 
dled, at 73^ per yd; in the 
other 3 yr, tlie range was 
21.8-29.6^ per yd. 


Table 182. Hydraulic Elevator Work, Wild Goose Co, Alaska 




1908 

1909 

1910 

Area, bi; ft. 

306 480 

465 300 

320 300 

Aver depth worked, ft. 

10.7 

8.7 

8.1 

Material bandied, cu yd. 

121 960 

150 637 

95 960 


Number of pita working. 

12(0) 

19(0) 

9 

5 

Piping; Number of days. 

123.8 

186 2 

116.5 

4 

Sq ft per day. 

2 480 

2 500 

2 740 

bO 

Cu yd per day. 

986 

809 

825 

C 

Cleaning bedrock, dasni. 

81.5 

84.0 

23.5 


Time lost, days. 

79.9 

73.9(b) 

10.3 


Total running time, days.... 

285.2 

285.6 

93.0(e) 

o 

Sluiced per day, sq ft. 

1 075 

1 630 

3 420 


Sluiced per day, cu yd. 

428 

528 

I 030 

"S 

Elevator water, in-days. 

63 082 

74 791 

54 587 

s 

Giant water, in-days. 

18 368 

26 788 

27 451 


Pump water, in-days.... f... 

6 000 

4 200 

(d) 

'S 

Other water, in-daya. 

3 120 

8 035 

5 738 


Total water, in-days. 

90 570 

113814 

87 776 


Elevator water, sqftperm-day 
" " ou yd per in- 

4.9 

6.2 

5.9 

Q 

day. 

1.93 

2.01 

1,75 

1 

Giant water, aq ft per in-day.. 

16.7 

17.4 

11.7 

" “ cu yd per in-day. 

6.6 

5.6 

3.5 

is 

Total water, sq ft per in-day.. 

3.4 

4.1 

3 7 

'• " cu yd per in-day. 

1.35 

1.32 

l.l 


(a) 2 more pita started, but not completed, (b) Short water, 
15.5 days; no water, 53 days; other delays, 5.4 days, (e) Excluding 
time digging sumps, (d) Included in "other water.” 


Little Creek, Nome, Alaska. Data from N. L. Wimmler (188) in 1927. Former large 
operations using elevators are now being dredged. Deposits 15—40 ft deep of medium- 
sized gravel containing much clay, frozen and covered with moss and muck; latter, 
together with 2-10 ft of barren gravel, was first removed (often elevated) by giants. 
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PLACER MINING METHODS 


Until 1923, during each season (June lO-Oct 15) elevator mining was usually conducted 
in 4 pits at a time, each having a final area of 3-5 acres. Total output per season, 350 000- 
550 000 cu yd, or 1 000-1 500 cu yd per day from each pit. Crew for each pit, 10-16 men 
with 2-4 horses, working 2 11-hr shifts. Water, 760-1 000 miner’s inches under 290- to 
310-ft head, supplied 2 giants (3-3.5-in noszles) and an elevator for each pit. Elevator 
lifts were 30-55 ft; nozzles, 4.5 in for lifts to 40 ft, larger for higher lifts; usual water 
consumed, 450-550 in. Tailings were stacked at intervals by a 3-in giant; boulders were 
hauled on stoneboats. Head box, 12 ft long, 4 ft wide, had drop of 5 in; other boxes, to 
total length of 150-180 ft, were of steel, 8 ft long, 4 ft wide, at grade of 0.5-0.6 in per ft; 
usual riffles were angles and longit 16-lb rail. Sinking of pit through gravel and 8-10 ft 
into bedrock, and installing elevator, took 4 days. Usual life of replaceable mangan^e- 
Bteel throat on elevator, about 3 mo, or 100 000 cu yd. In 1921, 4 pits yielded 550 000 
cu yd at working cost of 35fi per yd, incl 3.5^ for ditch maintenance. Aver duty (for all 
water) was 1-1.25 cu yd in frozen, or 1.25-1.75 cu yd in partly frozen ground. 

Inmachuck River, Alaska. Data from N. L. Wimmler (18S) in 1927. Frozen deposit 
20-25 ft deep, of which about half was muck, removed in advance. Elevator with O-in 
throat, 4-in nozzle, 37-ft lift, under 350-ft head, handled washings from 2 or 3 giants 
with 3-in nozzles; stacker giant was also needed. Crew: 6 men on day (10-hr) and 3 men 
on mght shift; 6 men on ditch. In 04 days of 1924, a pit 315 by 400 ft cost 17.2^ per 
sq ft, delivering 53 000 cu yd of gravel and bedrock at 47>f per cu yd. Aver season, 85— 
90 days. 

Swaziland, So Af; data from J. J. Garrard in 1917 (397). Tin-bearing gravels, averaging about 
18 ft deep, have been worked. Records for 12 months’ operation in 1913 show that 4 elevators, with 
an aver lift of 23.3 ft, took an aver of 73% of the water available, leaving 27% for the giants. Best 
month's w</rk showed 60% elevator to 40% giant water; the worst, 84% elevator to 16% giant 
water, effic of elevator, 16 58%. As the water supply was ample, its inefficient use was allowable. 

Box elevator. Knoz and Haley (385) describe a home-made elevator used successfully by tbe 
North Fork S.almon River Mining Co, Cal. It consisted of a steel-lined box about 18 in sq, sloping 
about 60°, with a 5-in jet at the bottom and 0.5-in steel striking-plate at the top, immediately over 
the sluice. Height of lift, .30 ft; operating head, 2.50 ft. Water supply was excellent; about 700 
miner's in were required for elevator. Boulders to 11 or 12 in diam were handled; there was no 
throat, everything being lifted direotly by the jet. Capac, about 1 000 yd per day. 

Ruble or grizzly elevator consists of a chute inclined at about 17° and having a 10-ft 
apron to make connection with bedrock. The apron fits closely between the walls 
of the main chute, which is 60-90 ft long. The chute and apron are lined with 0.25-in 
steel side and ^/g-in bottom xilates. Chute is about 8 ft wide, its walls tapering from 12 ft 
high at the bottom to about 4 ft at the top. For the first 20 ft of the incline, the bottom 
is solid; remainder of incline is bottomed with transverse grizzly bars, 2.5 in apart, made 
of 2 by 6-in timbers covered with 0.5-in steel straps. Underneath the grizzly is a steel- 
lined false bottom, sloping from upper end of elevator to a sluice box, set at right-angles 
to elevator and directly under lower end of grizzly. The sluice, about 00 ft long and sui>- 
ported on light trestles, i.s paved with Hungarian and pole riffles, consisting of 2 by 4-in 
timbers shod with steel. The elevator is supported on 3 heavy stringers resting on trestle 
bents, which are mounted in turn on skids. It is moved by winch and cable. 

Operation: The elevator giant is alined with the center line of the elevator and alxiut 
80 ft away from it. Wings, about 10 ft high and lined with scrap timber, are built out 
on each side, 1 wing extending to the bank; they are supported on portable frames. The 
cutting giant W'orks behind the elevator giant and drives the fallen gravel along the bank 
to the elevator wing, where it is picked up by the elevator giant and washed in small 
quantities at a time up the solid portion of the incline. Caro is taken to "boil out" the 
fines over the lower portion of the grizzly; otherwise, gold would be washed over the 
elevator top. When heavy stones are clean, they are washed up and over upper end of 
the incline. The fine tailing is piped from end of sluice by the elevator giant about once 
an hour. An extra tailing giant may be set up for stacking tailings when the watei is not 
being used by other giants. When the boulder dump reaches the end of grizzly, a platform 
is laid on it extending outward and upward from the elevator. Thus the dump car. be 
piled much higher than the elevator itself. These tailings are piped down periodically by 
the tailing giant. If the water pressure is high, a large amount of material can be worked 
with 1 set-up of the elevator, but the elevator must bo moved to a new position when the 
driving limit of the cutting giant is reached, or dump room is exhausted; 5 or 6 days are 
required per move. This delay can be obviated only by using 2 or 3 elevators, and chang¬ 
ing the water from one to another. At <nie property, such an elevator used 600-1 200 in 
of water under 450-ft head. The gravel was heavy, with nests of boulders weighing 1-5 
tons; depth of bank, 20-25 ft. Capac of the elevator, 1 000-2 000 cu yd per 24 hr; 
100 000 cu yd of gravel were washed in 4 months; total operating cost, including ditch 
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maintenance, 6)i per eu yd. First cost of elevator, $3 400; the mine was 90 miles from a 
railway. For further details, see Bib (385. 463). Two other examples follow. 

Redding Creek, Douglas City, Cal. Data from Gardner and Johnson (17) in 1934. 
Deposit of stream gravel about 9 ft deep and 120 ft wide; insufOcient natural grade for 
sluices (0.83%) required use of Ruble elevator. Water under 30U-ft head came through 
3 000 ft of 24>in pipe and supplied (through 15-in pipes) 2 giants with 5-in nosales; one 
cut and swept gravel to foot of Ruble, the other driving oversize up the slope. A third 
giant, with 3-m noszle, leveled off tailings pile at intervals. Ruble was 8 ft wide, 60 ft 
long, with lift of 25 ft; grizzly bars (iron-clad, 3 by 6-in plank laid on edge, crosswise) 
were spaced 2 in apart. Sluice, receirdng undersize and most of the water, was 48 in wide, 
48 ft long (see Ex 3, Tables 116, 120). Shallowness of gravel required Ruble and sluice 
to be moved 3 times during 105-day season of 1932; each move took a week for 7 men 
and a caterpillar tractor. Boulders were bulldozed, consuming 2 000 lb of 40% gelatin in 
season. For other data, see Table 117, Col I; cost of 19ji per yd did not include ditch work, 
construction, interest, deprec, or amortization. 

Gallia mine, Saw'yer Bar, Cal, ilhistratos combination of Ruble elevator for discharging 
coarse tailings, and hydraulic elevLior for fino. Data from Gardner and Johnson (17) in 
1934. Ghpvel, 33 ft deep, contained 10% of boulders over 12 in; bedrock fairly even. 
Water at 265-ft head, through 2 000 ft of 36- to 15-in pipe, supplied a 3.6 or 4-in giant in 
pit, a 4.6-in giant at Ruble, and an elevator with 20-in intake, 30-ft lift, and 4-ia nozzle. 
Pit giant worked intermittently, to avoid congesting the Ruble; other giant and elevator 
worked continuously. Ruble, 4 ft wide, elevating 25 ft, had grizzly of 90-lb rails, spaced 
2.5 in, and set lengthwise. Sluice from Ruble to elevator was 120 ft long, 24 in wide, 
grade 4.5 in per box, and rifQed with 2 by 2-in angles and iongit rails. Ruble had to be 
moved every 3 weeks to gain dumproom, taking a week’s time of 3 men. Boulders too 
large to go up Ruble were moved by derrick; those uncovered in cutting, by donkey 
engine. In 60 days of 19.32 (inci moving of Ruble), crew of 3 men on each of 2 12-hr 
eliifta treated 12 000 cu yd at cost of 17ji per yd; pit giant could move 50-60 cu yd per hr. 

Advantages of the Ruble elevator: low first cost, the fact that it can be m^e on 
the ground, and its capacity for handling heavy boulders. It is adapted to flat placers 
unsuitable for dredging, less than 50 ft'decp, where water is available for hydraulicking. 
It is not suited to rough or very uneven liedrock, owing to difficulty in moving. 

Use of giants for stacking tailing is possible where dumproom is ample in area but 
deficient in grade, and where the water will run off by gravity (406). The North Columbia 
Gold Mining Co, Atlin, B C, stacked coarser tailing to heights of 25 and 35 ft with giants 
working under heads of 110 and 140 ft (411). W’herc this device is used, the stacking 
giant can often be operated intermittently. See Bib (415). 

Ellis describes an iNCLisTEn SLtrice used in connection with giants in California, Oregon, and in 
Alaska for stacking tailing at the end of a sluice. On Mastodon Cr, Circle, Alaska, a 9-ft gravel 
bank was hydraulicked with 2 No 1 giants into a sluice delivering tailing to a sump. From this the 
tailing was easily driven up an inclined sluice to a height of 3.5 ft. A No 2 giant under a head of 
100 ft was used for stacking; duty of the total water for hydraulicking and stacking was 2.5 cu yd per 
miner’s in per 20 hr. Fairly heavy elabs of bedrock were raised by the giant. It is stated that this 
device used less water than would bo required by an hydraulic elevator, and that it is better suited 
than the latter for small installations (413). Inlijneb and giants have also been used in Alaska for 
VEBDINQ BPUicxB whicb inust be elevated a short distance above bedrock. A vert steel-lined back¬ 
stop is built directly behind the sluice, and gravel is banked up in front of it forming an incline lead¬ 
ing to bedrock. Material is then piped up this incline against the back-stop, from which it drops into 
the sluice. No details are available (429). « 

Gravel pumps have been used successfully in Swaziland and Nigeria, for elevating 
tin-bearing gravel; elsewhere, occasionally and less successfully, for gold placering. 

SwazQand. Data from J. J. Garrard (397). 8-in centrifugal pumps, with renewable 
impellers and linings, are direct-connected to 50-hp motors, running at 485 r p m, and 
deliver water and gravel to a total height of 40 ft. Pump is mounted on a pontoon 
resting on bedrock in the pit. The gravel is hydraulicked and washed to a sump, whence 
it is pumped to an elevated sluice. Suction pipe of the pump is sometimes 300 ft long; 
delivery pipe slopes 45®. During year ended June 30, 191.5, 3 gravel pumps ran 70.9% 
of the time that power was available, elevating 420 423 cu yd of gravel at an aver rate 
of 24 ou yd per hr. Amount of water pumped, 190-230 cu ft per min; aver height of lift, 
38.6 ft. Aver running cost i>er hr of the 3 pumps was 42.2fi, of which 23^ was for i>ower 
(cost 0.733^ per kw-hr), 10.6fl for renewals, 8.6^ for repairs. This gives a cost of about 
1.8fS per cu yd. Aver e£Bc (output 4- input) for the 3 pumps, 27.35%. 

Higeria. Data from Vf. E. Sinclair (626) in 1933. For geol occurrence of tin-bearing 
gravels, see Art 122. Standard suction-pipe diams of centrif ptuupa are 6, 8, 10, 12 in; 
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max lift*. 65^6 ft; 6*m pomp lifts 10 cu yd gravel and 6 000 gal water per br» under 

aver head; 12-in pump, 40 cu yd gravel and 
24 000 gal water per hr; intermediate aisea 
directly proportional. Pump oaaingB or liners 
are of manganese steel. Fig 845 giv«i power 
requirements of G-, 8-, and 10-in pumps under 
varying heads. Pumps are mounted: (a) on 
bedrock, at lowest accessible point of de¬ 
posit; (b) on pontoon, normally resting on 
bottom, while at work, but moved from place 
to place by temporarily flooding the pit to 
necessary depth; (c) 2 pumps, preferably of 
equal capac, in tandem, permitting use of 
smaller and lighter pumps for a given head. 
Max effic and min' abrasion are obtained 
when delivery pipe slopes 40'’-50‘’. By what¬ 
ever method the gravel is broken, it is delivered 
to pump sump through a bedrock sluice car¬ 
rying enough water to make a mixture con- 
close control of pulp consistency is desirable. In these tin 
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Fig 845. Recommended Speeds and Powers 
for Gravel Pumps under varying Heads, 
Nigerian Tin Fields 


taining about 20% solids; 
fields, ground is broken by: 
(o) ground sluicing, of soft 
or medium-hard ground; 
(6) shoveling-in, by hand; 
(c) digging and tramming 
by hand; (d) steam-shovel 
and loco haulage (see Ai t 
122); (e) hydraulicking, 
limited to rich or unusu¬ 
ally extensive deposits jus¬ 
tifying large initial outlay. 
Table 123 gives aver cost 
data prior to 1033, in 
pence per cu yd wa^ed, 
under the conditions 
noted; up to diat time, 
coal at per ton was 
usual source of power, 
since largely replaced by 
hydro-generated elec. 
With weekly adjustment, 
pump delivered 45 200 cu 
yd of aver gravel before 
requiring replacement of 
liners or runners. An iuci- 


Table 123. Cost of Mining, Pumping and Washing Tin 
Gravel in Nigeria (Pence per cu yd; prior to 1933) 



I 

11 

III 

IV 

V 

Breaking aud tramnung | 
wages. > 

2.20 

6.91 

9.96 

6.80 

4.04 

Pumping: wages.1 

Fuel (coal). 

3.10 

3.54 

3.60 

1.32 

5.05 

2.21 

3.79 

Renewals and maint.... 

1.47 

1.75 

1.87 

1.50 

1.36 

Lubricating oil. 

• • > > 



0.86 

1.02 

Sluicing and washing. 

( 0 ) 

(<*) 

( 0 ) 

1.19 

1.40 

White supervision. 

2.21 

2.60 

2.76 

5.14 

3.47 

Overhead aud general.... 

0.86 

0.65 

0.85 

1.99 

1.46 

Total. 

9 84 

15.45 

19.04 

23.85 

18.75 


I—Ground-sluicing (no tramming). II—Shoveling-in (no tram- 
lutng), breaking ground alone varied 3-10 pence, depending on dis¬ 
tance shoveled. Ill—Breaking and tramming by band. IV—Aver 
based on 40 840 cu yd pumped from same position in 9 mos; 8-in 
pump, 90-hp steam engine; total head, 05 ft; aver suction lift, 12 ft; 
tramming distance, 60-750 ft; cost includes pumping surplus water. 
V—Based on 9 090 cu yd washed in 480 hr (Nov, 1030} of which 
210 hr pumping gravel; lO-in pump, 90-hp steam engine consum¬ 
ing 60 tons coal; total bead, 79 ft; delivwy pipe 90 ft long, sloping 
70°; gravel, 7 ft deep, averaged 10.12 lb oi 70% 8n oono per cuyo. 
(a) Not included in total. 

dental advantage of the centrifugal pump, especially important in this tin field (see p 546), 
is its ability to disintegrate clay and even cemented gravel without assistance from puddler 
or log washer. 


Bos mine, Quesnel division, B C. Data from 1932 Ann Rep of B C Minister of Mines. Mine 
operated profitably for several years in spite of adverse conditions. Gravel, 15-20 ft deep, eon- 
taiued much glacial clay and required blasting. Water, from seepage o^y, and sufiBcient fur only 
10-hr work a day, wee supplied at 4S-lb prese through lO-in centrif pump (steam-driven from 
2 60-hp wood-fired b.iilers) to a giant with 3-in nozzle, at 1 800 imperial gal per min (192 miner's in). 
Gravel pumped to sluice from sump, protected by screen with 4 by 6-in openingpe, by 8-in centrif 
pump driven by 25-hp gasolene engine. Sluice water was impounded, settled, and returned to giant. 
Capao of outfit, 300 cu yd per lO-hr day. Daily expense: labor (5 men), KO; 3 cords wood, $15; 
40 gal gasolene, $14.80; 2 kegs powder, $0; miso, incl amortisation, $27.90; total, $83.70, or 28^ 
per ouyd. 


Mechaniemi elevators usually consist of an endless chain-bucket excavator, supported 
on a tower and delivering to aa elevated sluice. The buckets handle only gravel; a centrif 
pump is also required. These elevators have been used at several mines to raise gravel 
mined by hydraulicking, but have failed due to; (a) high first and operating cost; (5) pump 
troubles; (e) complicated machinery, requiring services of a machine ihop; (d) lack of 
motnlity. Bib (3^, 409, 430). 
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127. CHAIN-BUCKET OR BUCKET-LADDER DREDGES 

By F. M. Blanchakd and C. M. Rohanowitz 

Introductory. A placer mining dredge comprises a mechanical excavator and a screen¬ 
ing and washing plant, both mounted on a floating hull. Dredge x>erforms 4 functions: 
(a) Excavates the placer material, (b) Screens the material into 2 or more sises, usually 
with a revolving screen; undersises, usually all below 0.5 or 0.75 in, go through recovery 
devices, the oversise to reject, (c) Treats the flnes to recover their metallic or other heavy 
eomponento, usually on tables or jigs, or a combination of the two. (d) Deposits the fines 
froia the treating unit, and the coarse rejects from the screen, to rear of dredge. 

The dredge floats in an artificial pond often supplied from an outside source, by gravity 
through ditches or by pumping. The dredge digs at its bow and deposits wa^ed tsilings 
at its stern, thus carrying the pond with it as it advances. Dams may be needed to raise 
the water level, and it is sometimes necessary to seal the dredge tailings with sand and 
slimes. The chain-bucket dredge is the only type described here, as it has practically super- 
acded-all other forms, such as dipi^er and suction dredges, for placer mining. (For dragline 
dredging, see Art 120). The bu^et-elevator dredge is also used for recovering platinum 
and tin ore, with modifioationB in the treatment plant to meet requirements. Size of the 
dredge is designated by the capac, in cu ft, of its individual bucket. 

The New Zealand t 3 ^e of dredge, with open-connected buckets, was introduced to 
the U S in the late 1890's. It was successful in loose river gravels, but found unsuitable 
for digging "inland ’’ where the gravel was more compacted. Development of the modem 
dredge began 1901 in Calif. Since then, improvements in the eflic of the machines have led 
to their wider use, both on riiallow and very deep placers. The most important improve¬ 
ments have been in digging capac and the treatment plant; also in the design of deep¬ 
digging dredges, and the sectionalizing of hull, superstructure, and machinery for transport 
by trucks and airplanes, and to facilitate rapid field erection. For notable example of 
dredge transport by airplane, see Bulolo, Art 128. 

Factors affecting operation. Successful outcome of dredging demands (aside from 
sufficiency of profitable gravel): (a) correct and adequate prospecting; (b) selection of 
equipment best suited to the conditions; (e) cffic management and an experienced crew. 
Selection OF EQUIPMENT is guided by: (1) Max and min depths of gravel and overburden. 
(2) Total yardage. (3) Amount, distribution, and character of valuable metal or mineral; 
its siae, shape, or other features (for example, "rusty" gold) affecting its recovery. 
(4) Formation; tight, loose, clay, sand, cement, boulder sizes, buried timber, reefs, dykes, 
etc. (5) Bedrock conditions and its grade. (6) Surface contours. (7) Availability of 
water. (8) Special conditions to be met, as leveling, resoiling, leaving water ways, control 
of muddy water, etc. (9) Flood conditions. (10) Frost, frozen ground, or other conditions 
found in extreme North. (11) Climatic conffitions, and length of working season. (12) 
Transport facilities and remoteness of property. (13) Class of labor available. (14) Labor 
and material costs. (15) Taxes and royalties. (16) Special laws to be considered. (17) 
Funds available. 

Bucket-elevator dredge. Commonest, or " California," type is equipped with screen, 
tables or jigs, and a stacker to dispose of the oversise reject from ^e screen. Certain 
VABiATioNS.have proved useful for small placers and shallow creek deposits, as in Alaska; also 
for mining tin ore. (i) Substitution, on tin dredges, of a rock chute for a stacker to convey 
oversize from the screen. This simplifies the mechanical equipment and is used where pro¬ 
portion of oversize material is not large, (b) Flume (fredge equipped with a screen. The 
screen rejects are usually larger than 6-in diam, and are passed to stem of the dredge by 
stacker or rock chute. Material below 6 in is delivered to a flume or sluice, 5 or 6 ft wide, 
carrying large volumes of water, like the sluice in a hydraulic mine (Art 1^). The sluice 
usually has large-sized Hungarian or rail riffles, (r) In flume dredge without screen, all 
material goes directly into a sluice. This design is suitable for creeks where gravel is small 
, in size and gold is coarse. In some cases, rocks too large to go through the flume are sorted 
out by a grizzly at upper end of flume and rejected into the pond, at ride of the dredge. 

Fig 846 is a plan, and Fig 847 a side elev of a 6-cu ft Califoraia-type dredge, for digging 
at 38 ft below water. Such a dredge, in 1 272 days, di g g in g at aver depth of 26 ft and 
under difficult conditions, averaged 155 000 cu yd per mo; under easier conditions, a rim- 
iiar dredge has dug 200 000 cu yd per mo. Fig 848 is a ride elev of a 3-cu ft dredge, 
designed lor 16-ft depth; in actual performance it averaged 64 000 cu yd per mo. For 
an 18-ou ft, deep-digging dredge, see Fig 852,853, Art 128. 

Hull is reotangnlw, with bow and atsrn corners usually cut off diagonally to increase riearanoe 
when maneuvering; a long, narrow, open well extends back from the bow about half the length hull 
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and on iUi water line, to provide epeoe for the digging ledder. Depth and aiM of hull depend on 
weight of machinery and ntatwial it has to carry; amount of freeboard, which ia uaually 3-3 ft, 
depends i|in length of hull and change of fore and aft trim ocoaaioned by raiatng or lowering the dig* 
ging ladder. Width ia usually 0.5 to Vs length, according to area and arrangement of wash¬ 
ing eqmpment. Two longit main trusses, one on each side of center line, extending full length of 
the hull, provide stiffness and support the heavy machinoy mounted on and above the main deck. 
The trusses are strengthened with additional members where oouoentrated loads ooeur, and are side- 
braced at 3 or 4 points in their length. Hulls u-e fabricated or assembled in 4 ways; (1) standard 
Bted; (3) pontoon; (3) bolted water-tight compartments; (4) wood. 

Standard riveted steel hulls, of steel shapes and plates, are fabricated into convenient 
shipping sections, set up for inspection in the shop, then dismantled, and finally assembled 
on the dredging property. This is the commonest type. 

Pontoon hull consists of rectangular welded steel boxes, 6 by 6 to 8 by 8 ft in section, 
and,l^5-30 ft long, correbponding to width of Imll; when assembled crosswise of the hull 
and bolted together, the structure is practically unsinkable. When properly made, such 
a hull is as strong as the standard type. The pontoon hull, widely adopted since 1934, 
has i>ermitted operation of many small properties where the standard dredge would be 
uneconomical, since this hull can be quickly dismantled and moved to another short-life 
property; one such dredge was moved to its third placer within 6 years. The pontoon is 
the only hull that can be assembled in tiie water, saving expense for foundations and 
launching; bolt holes below water line are tcni)Kirariiy pluggtKl. There is also a saving 
in erection time. A standard hull requires 6-8 wrecks for erection; the pontoon can be 
asembled in 4-6 das^, and requires no trained mechanics. The same saving occurs in 
dismantling and re-erection. For example, the time for dismantling a 6-cu ft pontoon 
was 19 days; for re-erection, 38 days. A standard dredge of same size would take 30 
days to dismantle and 100 days to re-assemble. Cost of dismantling the pontoon waa 
$4 000, and of re-erection, $10 000; a standard dredge of this size would cost about 
$5 000 to dismantle, and $40 000 to ro-orect. The main disadvantage of the pontoon is 
the bulky nature of its components, of especial interest when ocean transport is involved. 

Bolted water-tight compartment type is designed to be put together in the field. When 
assembled, the hull consists of numerous compartments (not pontoons) the max sise 
being adjusted to shipping conditions. As many pieces as possible are combined in the 
shop into a shipping unit, usually by welding, and all field connections are then bolted. 
This is economical for field erection and for ocean or other shipment. The hull is as strong 
as the standard type and practically unsinkable. 

Wooden bulls were exclusively lued until about 1012, when the first steel hulls were built, but 
are now rare except in cold northern countries, where wooden hulls deteriorate slowly. In Calif, 
a wooden hull lasts 10-12 yr. Wooden hulls with steel superstructure have given excellent eervioe 
in Calif, Ore, and Alaska. 

Gantries. At least 3 are required. Main-dbivii oamtbt is centrally located and sup¬ 
ports the upper tumbler, the main-drive gearing, the upper end of digging ladder, the main 
hopper, the save-all, and upper end of the revolving screen. Additional truss legs and 
heavy top chords with rigid braces are required here to carry both live and dead loads 
which must be distributed into the entire truss and hull structure. Dead load includes 
the main-drive gearing and half the wt of the ladder and buckets; live load is that due to 
thrust of the buckets while digging, and the side movement of the dredge when swinging 
back and forth across the pond. Bow oantkt, at forward end of the hull, serves ss a 
cross truss to stiffen the pontoons on each side of the weH, and to support the suspension 
tackle attached to lower end of the ladder. Back guys of cable or steel tension members 
extend from its top to upper chords of the main truss. Stebn oantbt supports the spuds 
and the suspension for the stacker. Its lower end is usually pin-connected to top chords 
of main truss. Large deop-digging dredges usually have 2 stern gantries, a short one for 
the spuds and a higher one for the stacker suspension. 

Digging end of a Calif dredge comprises an endless chain of close-conneoted brackets 
passing around tumblers at top and bottom of a ladder, which is pivoted at its top and has 
rollers to support the chain on the ascending side; the chain is driven by ^e upper 
tumbler. The ladder is raised or lowered by tackle hung from the bow gantry. 

Digging ladder consists of 2 parallel steel-plate girders with heavy top and bottom 
flanges, generally of double angles and cover plates, connected by closely spaced plate 
diaphragms; upper edges of the latter are below the top flanges and covered by a plate, 
thus forming a trough to catch spillage from the buckets. Ladders are 69-226 ft long 
and weigh 300-3 000 lb per ft. Rollers, closely spaced along the top of ladder to support 
tike bucket chain, are of high-carbon chrome st^ press-fitted onto forged nickel-steel 
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shafts. Bearings are luually east steel with replaceable C-1 bushings. Different types 
of seals keep out abrasive substances. 

Buckets are in 2 parts, a manganese-steel base and a lip. The 2 front eyes of base are 
not generally bushed, since the pin is stationary at those points, but the back eye has a 
manganese-steel replaceable bushing to resist wear at that joint. Manganese-steel lips 
are either riveted or rivetioss, latter now being more common. A riveted lip is fastened 
with 10-20 large rivets, which frequently loosen and involve loss of time and expense. 
The rivetless lip (Fig 849) is held in place generally by only 2 bolts, engaging lugs on bucket 

and lip on Irath sides of the center. A riveiless lip 
weighs considerably less than the riveted, thus 
saving waste of metal when discarded. Bucket pins 
are forged from high-carbon, chrome, or molybdenum 
steel, heat-treated for strength and hardness; the 
“L” head, to prevent rotation, is almost univerpal. 

Upper tumblers are generally of high-carbon cast 
steel, body and shaft cast integral. The 6 sides of 
the tumbler are protected against wear by heavy 
liners of forged nickel-chrome steel or cast manga¬ 
nese steel, and bolted in place. A 2-piece tumbler, 
with cast-steel body shrunk and keyed to a forged- 
steel shaft, is often used, especially when transport 
is a problem. 

Lower tumbler, made circular, has a high flange 
on each side to guide the buckets around lower end 
of ladder. The body, in a single piece or 2 halves, is of cast manganese steel or high- 
carbon chrome cast steel, with replaceable manganese-steel wearing plates. The press- 
fitted shaft is a nickel-steel forging. Bearings are of C I, with rubber seals or other 
means for excluding abrasive matter. 

Idlers. Ladders digging deeper than 75 ft often have the Perry idler (Fig 853). This 
is suspended in heavy bearings from lower side of ladder at about 1/3 its length from 
lower end; it reduces the drag of the buckets on the Irottom, due to catenary, when the 
ladder is at approx 45*^, and diminishes the catenary load on tumblers and pins, thereby 
reducing wear on bucket bushings, pins, and lower tumbler bearings. Bruges digging 
over 40 ft deep usually have an idler at the aft end of the well on lower deck of dredge, 
and so located as to engage the chain when the ladder is inclined at 35° or more below 
horis. By thus keeping the upper part of the descending chain at a fixed inclination, the 
clearance between save-all grizzly bars and the buckets may be reduced, affording a more 
effic save-all arrangement. 

Main drive. Small dredges drive the upper tumbler by a single set of reduction gears 
at one end of tumbler shaft; larger dredges have 2 sets of reduction gears, lioth ends of 
the shaft being driven. All gears, pinions, and bearings are of cast steel; shafting, forged 
nickel steel. A brake wheel on one end of the pulley shaft provides for emergency and 
for repairs to the bucket line. Recent improvements in drive mechanism: (a) single 
motor, close-coupled by Y-belts to pulley shaft; (b) 2 motors, each driving a pulley shaft 
by V-beltB, have proved advantageous on large dredges requiring a total of 200-600 bp 
for main drive. Motors are a-c or d-c; advantage claimed for latter is better control of 
bucket-line speed under variable load, but entailing added expense for motor-generator. 
Dredges working in easy ground have been speeded up to 40-45 buckets per min, but 
24-28 buckets per min for dredges up to 7.5-cu ft capac, and 20-23 buckets per min iw 
larger dredges, is usual practice. 

Main hopper receives material dumped from buckets as they pass over upper tumbler; 
it is of steel plates and angles and has a lining of wear-resistant metal. A short half-round 
ebute directs the material into the screen; it is lined with alloy-steel bars 2-3 in thick. 
When large boulders are numerous, the hopper back may have a coarse grizzly binged at 
one end; on appearance of a boulder, the grizzly is lowered, mechanically or pneumatically, 
into position to intercept it and then raised to discharge it overboard, ria chute or conveyer. 
BpUl from buckets is caught on a fixed grizzly surmounting a riffled sluice, the “save-all." 

Screens. Roller-mounted trommds have displaced all other types of screen, ehiefly because of 
their vigorous disintegration of clay-hound or partly cemented gravel; disintegration is hastened by 
adding liftere or other tumbling dev.vee inside the screen. Abundant water at press of 20-40 lb per 
eq in ie supplied through nozzles or spray pipes to aid discharge of fines. Screens are from 4.6 ft diam 
by 24 ft length for a small, 2.5-cu ft, dredge, to 9 by 52 ft for an 18 or 20-cu ft dredge. Ends of eoreen 
are blank plates with replaceable liners; tread rings fastened outride of each plate. Rib bare 
(6-9-in heavy angles, bars, or channels) connect the end plates and provide longit support. The 
perforated plates ore in sections 2.5-6 ft long and wide enough to epan the gap between outride rib 



9«n ft bucket 

Elg 849. Manganese-steel Bucket 
with Kivetiess Lip 
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ban; awUoiia afb ■mall enougb for easy handling on nplaeetnant; oounicnonk bolto witb aprinf 
look waaken are aaed for faatening. Material for perforated platea ia kigb-earbon or other abraalon- 
reaiatant rolled ateel, or eaat tnanganeae ateel. Thiekneee ia 3/g in for email to 7/g in for tke latgeat 
aoreena. Dlam and ajweing of holee depend entirely upon okaracter of material to be waahed. To 
eounteraot ezceaaive diacbarge at head of tromtnd, perforationa at tbia end are often amaller and 
farther apart than elaewhere. A oommon aiae of hole ia fi/ig in on the inaide, enlarged to Z/% or 7/jg 
in on the outaide; tapered bolea have leaa tendency to blind. The bridge between holea ia from 0.5- 
1.5 in, diminiahing towards discharge end of trommel. Where coarse nuggets ocour, the platea at 
lower end of screen are usually slotted. 6/g by 3/4 in to 1 by 1 1/4 in. The tread rings on whioh the 
trommd rotates are high-carbon or chrome-eteel machined castings. The upper ring is carried on 2 
idler rollers, the lower on either a central drive roller or on 2 rollers, one of which is driven. As the 
screen ia inclined at 1-1.75 in per ft, thrust rollers are required; these engage a tapered machined 
face on lower edge of lower ring. The drive roller is actuated by reduction gears direct- or belt- 
connected to a motor; flat belts have been common at this point, but gear reducers and Y-belt drives 
are now more frequent, occupying leas space and giving higher eflio. Peripheral speed of trommels 
is 150-200 ft per min (6-14 rpm), depending on «liam of screen and kind of material being washed 

Stacker hopper. Oversise from the screen falls into a steel-plate hopper, lined, at pdints of 
greatest wear, with heavy plates or bars; it delivers to stacker bolt through a chute, the discharge 
end of which is fitted with a mild-eteel casting and manganese-steel liner shaped to change the direc¬ 
tion and veloc of the stream to oorresrond with that of the belt, saving wear on the latter. The 
hopper often has a gate which diverts >.he material into a sluice discharging over the stern of the 
dredge; this provides a good footing behind the spud and saves power, since the stacker may be shut 
down meanwhile. 

Stacker. The frame carrying the conveyer belt comprises 2 parallel structural-steel trusses, 
tied top and bottom and at each panel point with cross-braces. Its lower end is binged on a shaft 
permitting the starker to be raised or lowered. When a swinging stacker is required, an additional 
vert swivel allows movement of approx 15° to cither side of the center line. Inclination of stacker 
is limited to 20°; in most ruses, 15°-18° is satisfartory. Stacker is suspended from the stern gantry 
cap by 1 or 2 wire-rope tackles fastened at 2 or sometimes 3 points. It ia raised or lowered by a line 
from the swing winch, or preferably from a separate small winch having a self-locking safety device 
(worm gear or automatic frictionl which will necessitate lowering as w^t as hoisting by power, and 
thus prevent careless dropping of the stacker. The steel head pulley is lagged with rubber. Length 
of stacker depends chiefly on digging depth and nature of material. Knowing the sweli (usually 
about 33%), the digging depth, and allowing clearance for outer end of stacker inchned at 18°, the 
required length ran be conii>nted. Due to the extreme length of hull of large deep-digging dredges, 
the lower end of the screen is so far inboard from the stern that a short auxiliary stacker (Fig 853) 
may be placed between the screen and main stacker. 

Anchorage. For maneuvering dredge by spuds and lines, see “Digging procedure," 
below. If there are 2 spuds, they arc usually placed in line with the main fore and aft 
trusses; a single spud (as found on many modern dredges) may be near the center line of 
dredge or in line with the starboard (righb-hand) truss. 

The BvnD is of plates and angles, or of wide-flanged beam sections with heavy cover plates. Bot¬ 
tom of spud has a maaaive cast-steel point, and its upper end carries sheaves for the hoisting tackle, 
which is suspended from the stern gantry cap. Lower spud keeper, acting as cushion between spud 
and hull, is of steel with a self-adjusting rocker element to accommodate changes in position and 
maintain a broad bearing against the spud. Resistance to twisting is afforded by heavy brackets 
fitted with replaceable liners. In the upper keeper, tendency of the spud to move away from the 
dredge is counteracted by an outside cross-beam connected to the upper truss members by heavy 
rods and compresaton springs. A usadune, sometimes replacing a spud in very easy digging, is 
a wire rope about l.S-in dJam, fastened to a deadman 500-1 000 ft ahead, and held taut by a winch 
on the dredge. Where the (h-edge is making a wide cut, a number of “pennant" lines are spaced 
across the full width, and the headline is attached to these in most convenient positions. Sidbumks, 
one at each corner of dredge, are anchored ashore, and control lateral movement by winches on the 
boat. , 

Winches are for: (a) adjusting inclination of ladder and buckets, the "loddcr boist"; (b) control 
of side lines (the "swing winch"); (c) hoisting of spuds: (d) adjusting slope of stacker; (s) holding 
pull on headline; (/) miscel purposes, as handling of heavy machinery. Grouping of winch drums, 
and their power, vary with sise of dredge. Smau, dkedges, to fi-cu ft eapac, have a combination 
ladder hoist and swing winch, including 2 drums for bow lines, 2 for stern lines, 1 or 2 for spud hoists, 
1 or 2 spares, and the ladder-hoist drum. Gearing is so euranged that each may be operated indi¬ 
vidually, and each drum has expanding-type friction and a band brake. On laboeb dbxdqbs, the 
awing winch includes all drums except for the ladder hoist. Either the bow or stern lines, spud, and 
spare linea may be operated as a imit. Instead of combining all drums in one winch, some dredges 
have independent bow- and stern-line drums; spud and spare drums are then in another unit, thus 
requiring 3 motors (usually a-e). Several dredges have had d-c motors for the bow-line winches, 
with automatic elec control to maintain constant pull on bow lines. Ladoxb hoist, on the larger 
Oredges, is a separate unit actuated from the main-drive motor, through pulleys and clutches, or 
from an individual motor through V-belts or a gear reducer. The drum is divided by a central 
flange, and 2 ropes lead off to the suspension; on smaller dredges, only 1 rope is required. For 
Dsav-DiaaiMo dbxdoks, with very heavy ladders and long bucket lines, the ladder winch kee 2 
separate drums, driven by 400-500-hp motor, direct-connected to a gear reducer, ooupled to aa 
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intermeiUste thaft by herrlattbone gaan. A herrinsbon* ]^on drivw the fint dxam, th« gear <£ 
wUch engages a pinion on an idler shaft driving the eeeond drum. The motor haa an dee brake; a 
heavy wheel with band brake on the idler ahaft may be pneumatically controlled from the winch 
room. An automatic control electrically connected with the motor control is used on many modem 
dredges, to limit the high and low positiona of the digging ladder and the max apeed at which the 
ladder may be lowered. 

Pumping equipment usually includes a high>press, a low-press, and a small auxiliary 
pump, all centrifugals. The high-press pump discharges at 60 to 80-ft head into the 
screen at both ends, or from a pipe with a^ustable noszles, extending through full length 
of the screen. The low-press pump discharges at 30 to 40-ft head opposite the head of 
each cross sluice. Pump sizes depend upon amount and kind of material washed; ratio 
of water on the tables should be 8-12 times the solids. Auxilisr.Y pump, 2.5 to 4-in diam, 
at 60 to 80-ft head, is used for washing deck, fire outlets, and priming the larger pumpa. 
In dredging clay or other sticky material, an extra 6 or S-in pump supplies water at about 
120-ft head for nozzles directed against the buckets as they dump into main hopper. 
Pumps should have liners, as the pond water may contain abrasive matter. .Pumps are 
direct-connected by flexible' couplings to motor on some base, each having a suction check 
valve above water line. 

Combination mdd and monitoh fttup ia used on dredges digging 80-125 feet deep and with a 
high bank, where tailing sludge tends to flow out along the bottom of the pond to the bucket line. 
This pump is about 8-in diam, developing 250-ft head. For extracting mud, the suction extends to a 
point near the lower ladder tumbler, the discharge pipe passing aft to the end of the stacker. (Fig 
853). When serving a monitor, suction comes from the strainer box and the discharge supplies a 
nozzle at the dredge bow; this washes down a bank which does not cave by itself, to avoid a eave- 
iu which might bury the digging ladder. 

Strainers protect suction inlets against floating debris or water-logged matcriaL A frame 
covered with galvanized wire cloth with Vs in openings is usually adequate, but removable per¬ 
forated plates may save some labor. A self-cleaning, revolving siietion box is satisfactory. It con¬ 
sists of a wheel, 16-14 ft diam by 3-4 ft wide, framed of angle-iron and covered with wire cloth. 
Buckets around the inside periphery are filled from a small nozzle for turning the wheel. Debris 
outside the screen may be scraped or biowu off as the wheel revolves. 

Power for elcc motors reaches tho dredge, from shore, by rubber-covered or steel- 
armored cable, supported on floats. Voltage, 6 900-2 200; 3-phase, 60-cycle current ia 
usual. Operating voltage on the dredge is 440, delivered by 3 single-phase transformers. 

Starters are usually distributed among 3 boards, 1 in winch room for the main drive and swing 
winch, 1 on main deck for the i)umps, and 1 at stern for the screen, stacker, and sand elevators. 
Pump motors are constant-speed; those for main drive, winches, screen, and stacker, of variable- 
speed, reversible type. Control is by a breaker and a starter for each motor, the variable-epeed 
motors have C-I resistance grids. Main-drive has a magnetic reveraing controller, with line protec¬ 
tive, primary, end secondary panels. Motor controls include a thermal overload protection device 
with a push button for resetting. In isolated places without elec power, dredgee have 446-volt 
Diezel-elcc generators. Motor equipment as above. 

Digging procedure. Digging starts at top of the ground ahead of dredge. Forward 
end of ladder is swung slowly from side to side of intended cut by the side lines. At end 
of a swing, the ladder is lowered for a deeper cut on the return ti ip; bedrock, when reached, 
is scraped if its nature peimits. On raising the ladder, the dredge is moved ahead for the 
next cut. To make the forward movement, and maintain position while digging, the dredge 
may have (a) 2 siiuds, (5) 1 spud, (c) headline; side lines are always necessary. For 
"stepping ahead" with two spuds, the dredge swings to right of the cut, turning on the 
"digging" spud as a pivot; the port (“stepping”) spud is then lowered and the other 
raised; after swinging to loft, the digging spud is lowered, stepping spud raised, and 
dredging proceeds. 

With a siNC.LK SPUD, the stern lines are anchored well ahead of the dredge; by pulling on them, 
after raising the spud, tiie dredge is moved. This method is quicker than with 2 spuds, due to fewer 
operations, but not always applicable. Headline stepping (and digging) is practicable only under 
easy digging conditions, ss in Malayan and other tin fields (Art 132); rarely on gold dredges. When 
operating from a headline, s ><'ir.e:ing as usual by the side lines, hard ground offers difiioulties in keep¬ 
ing the buckets efficiently ut work. 

Oold-aaving equipment, trea^^'iig undersize from the screen, includes; (a) distributer; 
(b) riffled tables; (e) roughing jigs, preceding or following the tables; (d) clean-up box or 
jig; (e) mercury trap or other form of amalgamator; (/) retort and melting furnaces; 
(g) sand wheels or elevators sometimes aid disposal of tailings. Fig 850, 851 show altar- 
native flowsheets, with and without jigs. 
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Diitributar is a steel houdng enclo^g the trommeL Its sloping bottom is partitioned 
into i^kem oorresponding in number to the tables; partitions have adjiistable gates to 
equalise distribution; when wide open, the gates facilitate cleaning-down the bottom of 
distributer. If gold is coarse, riffles are customary instead of partitions, discharging over¬ 
flow into an outside longit distributing sluice; this baa the advantage of spreading the flow 
more thinly over more tables than could be grouped close to the screen distributer (Fig 
850-B). In the usual type of distributer, sand discharges from its bottom, on both aides, 
by water applied at 16-lb press through 1.5-in nossles in headers fed by low-press pump; 



Fig 850. Flowsheets of Gold Dredge equipped with Tables. A-; Conventional typ*^, 3—Improved 

Arrangement 

a diort sluice opposite each nozzle leads to adjoining table or roughing jig; uniform dis¬ 
tribution aids effic of recovery. ' 

Tables are rectangular steel sluices, 21-32 in wide, placed crosswise of the hull and 
sloping 1.25-1.6 in per ft outwardly toward both sides. In Fig 850, 851, the alternativa 
arrangements are only for illustration; a given dredge will be equipped symmetrically. 
Total table area, in absence of jigs, depends upon size and character of gold, fine gold 
requiring more area; recent dredges have 200-500 sq ft per cu ft of bucket capac. 

Enlarged taUa area, for large dredges, may be secured without proportionate increase of hull 
area, in 3 ways: (a) Double-bank tables, having an upper deck permanently fixed 6 ft above the 
lower, requiring correepondtng increases in height of upper tumbler and length of digging ladder and 
bucket line, entailing added wt. (6) Double-deck riffles; sluice has a false bottom of 10-gage plate, 
supported from the sides about S in above true bottom and similarly riffled, (r) Telesooping or 
nesting sluioce; upper eluioe fits between sides of the lower; it is lunged at one end and can bo 
raised by tackle, the 2 decks being eimilariy riffled; this allows faeter elean-up than the false-bottom 
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■luim. Outer enda of all tables disoharge into longit aliiioea earrying tailii^a to atern oi hull and 
dropping them 15-20 ft overboard^ bottoms of tailings sluioes are often riffled to catch eacaping 
gold or amalgam. 

Wooden Honggiien riffles (Art 125) are almost universal. Common sise, 1.25 by 
1.25 in, spaced 1.25 in; tops protected by steel or rubber strips 3/is in thick by 1.5 in 



Fig 851. Flowsheets of t *'>mbination Jig and Table Dredge. A —Roughing ahead of tables^ 

B—Roughing jigs fodowing tables. Arrangement of cleaning jigs is same in either case. 


wide, the 0.25-in overhang being on the downstream side. Riffle bars, usually 6, are made 
into frames about 13.5 in w<de; length corresponding to width of table. The frames are 
held to bottom by 1.5-in battens, u. dged under angle-iron brackets riveted along sides 
of table. Mercury trap riffles are usually placed at intervals along a table. 

Jigs are especially useful on gold dredges (common also on tin dredges, Art 132), when 
gold resists amalgamation or is largely in scales or very fine particles. Jigs are designed 
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for large eapao in email apace (Fig 846, 847), made possible by the extremely small ratio 
of concentrate to feed, as compared with ore<conoentrating jigs (403). 

Fig 851 showa slternstive poaitioiu of roughing jiga with respect to taUas. In either case, the 
hutch product, and concentrate from riffled tables, is re-treated on 2 cleaner jigs, the aecond re-treat¬ 
ing the hutch from the first, both discharging tailings. Final product may pass through a smaD ball- 
miU amalgamator; final recovery of gold is usually on amalgamated plates. Black-sand eonoen- 
irate containing metala of platinum group, reaiatins amalgamation, ia treated separately. 

Clesn>op of sluices. After stopping the flow over a table, the riffles are removed, 
washing any adhering material into the sluice. With a small stream of water the material 
is washed to the lower end, which is fitted with a wooden atop about 3 in higb; here most of 
the light sand is scraped or washed off ; the rest, mostly black sand and amalgam, is shoveled 
out SJ^ transferred to the “clean-up box,’’ a steel or wooden recoptable of about 1-cu yd 
oapac, which collects concentrate for further treatment. From an orifice in lower end of this 
box, tire concentrate is washed, a little at a time, over a sloping plate, to extract heavy 
foreign matter, and thence into a mercury trap. Excess of free Hg collecting here is tapped 
off and re-used, the heavier amalgam being removed by hand for subsequent treatment 
(Sec 33). Sands overflowing the Hg trap then pass through a Long Tom (Art 119), 12-15 ft 
long, riffled on cocoa matting; discharged sands return to the initial tables, or may be 
further treated in a ball-mill, or by smelting. 

Sand tailings. Tailings sluices usually empty into the pond behind and from both sides of 
dredge; when working a high bank consisting largely of sand, tailings so discarded may interfere with 
floating the dredge stern, and must then be disposed tia the stacker. In such case, the tailings 
sluices discharge into sumps, from which water overflows to the pond while sands are lifted by wheel 
or bucket elevator and delivered by chutes to the stacker. Sand wheels, with light steel frames, are 
12-16 ft diam; buckets, 2-3 ft wide; they are chain driven from 7.5-10-hp geared motors. Bucket 
elevator, of either chain or belt type, occupies less space and permits a higher lift when necessary. 

American dredge manufacturers: Bucsmis-Erie Co, So Milwaukee, Wia; Marion 
Steam Shovel Co, Marion, Ohio; New York Engineering Co, New York; Yuba Mfg Co, 
San Francisco. 


128. GOLD DREDGING 

latroductory. Gold dredging is a subject of great detail; for a general discussion, see (385, 403, 
409, 437, 438, 614, 627). In the U S, gold dredging began about 1898; by 1027, with priee of gold at 
820.67 per oa, the known areas suited to dredging were largely worked out, thereby forcing a search 
by American companies for dredging ground in foreign countries, sueh as for tin placers in the Malay 
States (Art 132) and gold placers in Colombia, Central America, New Zealand, and elsewhere. The 
increase in price of gold to 830 per ox in 1033 stimulated activity in gold dredging in the U S. In 
recent years, the relatively inexpensive dragline dredge (Art 120) has been widely applied to email 
and ehallow deposits, but the chain-bucket dredge (Art 127) is best for large operatione in low- 
grade gravel. Recent improvements in design have also permitted the chain-bucket dredge to work 
gravels at much greater depths than were formerly considered accessible. 

Requirements and limitations. Deposits suited to dredging are extensive river-bar 
and gravel-plain placers (Art 117), occurring chiefly in geologically old districts. Require¬ 
ments as to bedrock, character and size of gravel, effect of boulders, cemented gravel and 
buried or standing timber, ordinary limits of dredging depth, water for dredge ponds, etc, 
are Bununarized in Art 118 and Sec 25, Art 7. Other considerations affecting choice of 
method and operation and design of dredge are: CbaIUcter of oold. Very fine flaky 
gold, like that on Snake River, Idaho, requires addition of special equipment (usually 
jigs) to the other gold-saving devices. Coarse gold sometimes modifies the form of 
apparatus required. “Rusty’’ gold may entail special methods of recovery. G&ADnENTB. 
Dredging is inherently applicable to large flat deposits, where lack of grade prevents 
hydraulicking; small topographic irregularities and flat surface or bedrock gradients 
affect only the height of bank carried above water level. Some dredging has been done 
on grades as steep as 6%, requiring dams to maintain a pond (431). Frozen obavxl 
must be thawed tefore it can be dredged (Art 131). Floods. Dredging in beds of tor¬ 
rential streams is precarious, due to danger of being wrecked. Climate determines 
length of working season and hence the annual output and return on investment for a 
dredge of a given capac. Min gold content of workable gravel is higher where the searcn 
is short than where operation is continuous. Cold climate increases costs, because the 
dredge must be heated and its equipment protected from accumulations of ice. See Bib 
(4</8, 432, 409) for description of suooes^ul winter work. Transport facilitibs are 
m'^re important than for other forms of placer mining. Weight of the machinery is large, 
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even for small dredges; attempts to sectionaliie a dredge for muleback kransport liave 
not been successful, but sectioiudiBing into units capable of transport by trucks and 
aeroplanes (see Bulolo) has been acoomplisfaed. High first cost where good roads are 
lacking militates against construction of large boats in remote regions (385,433). Labob. 
A small crew can handle a large yardage; all but a few roustabouts are sidled men. 
Cheap powEB is essential. Total, tabdaob must be sufficient to amortise the 
investment and yield desired profit. A choice often exists between use of one dredge, or 
several of different sises, with corresponding alternatives in first cost, rate of return, and 
life of property (Sec 25, Art 14). Closer estimates of this kind are possible on well 
explored dredging ground than on any other form of mining property. An attempt is 
usually made to adjust the rate of working, and hence life of property, to the nui! or 
DBEnoB. This is practically the life of the hull, as the machinery is repaired or renewed 
as necessary. The machinery is often dismantled, after working out an area, and installed 
elsewhere at moderate cost on a new hull. Ckinstant running at max capac is essential 
to low working costs; hence construction and operation of a dredge must be planned to 
minimise delays. Following examples illustrate dredge work under various conditions. 

Central Calif. Data in Table 124, relating to 10 dredges in the Folsom and Oroville 
districts, were supplied originally by R. G. Smith, Mgr of the Gold Dredging Dept of the 
Natomas Co, in 1917. Table 124 has been condensed, by F. M. Blanchard, from 4 tables 
on pp 938-941 in 2d odn of this book (revised only as to history) Mr Smith submits 
following comments in Feb, 1940, concluding that present aver operating costs per cu yd 
are slightly lower than in 1917, in 8i>itc of increased prices for labor and materials. Wages 
per hr on Calif dredges, 1940: winchrocu, 82.5^; oilers, 67.5fi; laborers, 55-60fi; com¬ 
pared with 1917, these wages represent increases of 83% for winclimen, 93% for oilers, 
84% for laborers. Total labor charges have increased by 85%, about equal to increase 
in hourly rates. Matgbials. Comparison of unit prices is not practicable, but total 
costs for materials have increased 30% over 1917. Poweb bates to large consumers, 
equipped to take service at high voltage, have been reduced about 20% since 1917; but 
total power charges have increased about 23% with longer hours and larger yardage. 
Watbb chabgks have risen 175% since 1917. Genebai. expenses show apparent increase 
of about 90% in total, possibly explained in part by changes in accounting methods, 
some general expenses having formerly been charged to operation. Total operating 
COSTS have increased by more than 50% since 1917. Anettal yardage. Dredges of nearly 
all sises have greatly enlarged their yearly output since 1917, through increased speed, 
longer running times, and improved mechanical effic; inn ease in yardage, though widely 
variable, has averaged about 70%. Cost per cx; yo. Balancing the above items indicates 
a slight decrease in operating cost since 1917. Taxes and insurance have increased 
about 70%, and amortization allowance should be 90% greater. Finally, Federal income 
TAX is an item much more oppressive now than in 1917 (see Sec 24). 

Oroville, Calif. Data from C. M. Romanowitz in 1940. Dredging conditions in this 
field are considered unusually favorable. One 9-cu ft dredge (a frequently adopted sise) 
during a period of 1 363 days averaged 290 000 cu yd per mo from depth of 50 ft. Others 
of same size, under favorable conditions, have handled 3 500 000 cu yd in a year. 

Calif *' deep-digging ” dredges. Data from C. M. Romanowitz in 1940. Two 
notable examples of IS-cu ft dredges operate in the Yuba River field, at Hammonton; 
Yuba No 17 began July 17, 1934, and No 20 on Apl 24, 1939. No 17 has dug 112 ft 
below water, with bank of 56 ft; No 20 digs at 124 ft lielow water, with same height of bank 
as No 17. During a 1 36.3-day period. No 17 averaged 310 000 cu'yd per mo, from aver 
depth of 110 ft. Usual max depth dug by other dredges in same field is about 80 ft; 
one such dredge, of 18-cu ft capac and digging in easy gravel at aver depth of 68 ft, 
handled 415 000 cu yd per mo during a period of 1 287 days. Another, of same size, but 
with more modern digging facilities, during 704 days averaged 450 000 cu yd per mo from 
76-ft depth in tougher gravel. Below 90 ft, the formation at Hammonton is tighter and 
harder (though not cemented) than at shallower depth. These deep-digging dredges 
require special design and equipment. Fig 852 and 853 are respectively plan and side 
elev of an 18-cu ft dredge designed to dig 124 ft below water. The Perry bucket idler 
and tiie Yuba mud-pump system (Art 127) give good results. While these dredges are 
effic, they can not mine lb large yardages, in proportion to their bucket capac, as those 
working at shallower depths, chiefly because the operator can not “get the feel” ol the 
work as well as on smaller dredges. The longer time the buckets take in traveling to the 
surface makes It impossible to determine promptly whether they are digging to full capac. 
The unit operating costs of these deep-digging dredges are higher than those of shallower 
dredges, due to smaller yardage and higher cost of replacementa F. C. van Deinse, 
V-Pres of Yuba Consol Gold Fields, states that costs for operating the deep-digging dredges 
are 1.334 more pw cu yd than for shallower dredges in the same fields. 



Table 114. Operatinc Data and Costs on 10 Dredges, Folsom and Oroville Dists, Calif, If 11-10 
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MINING METHODS 



Fig 852. Plan of 18-cu ft Deep-digging Gold Dredge, equipped with TaUee (Yuba Mfg Co) 
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Fis 853. Side Elevation of IS-cu ft Deep-di|tgin(( Gold Dredge, equipped nrith Tables (Yuba Mfg Co). For additional apecifieatione. aee FUc 852 
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PLACER MINING METHODS 


Rortheni Calif. Data in Table 126, from C. V. Averill (410), relate to 4 of tbe 7 chain* 
bucket dredges working in Shasta, Siskiyou, and Trinity counties in 1936-37. I. Junction 
City Mining Co, on Trinity River. II. Roaring River Gold Dredging Co, 16 miles W of 
Cottonwood. III. Yreka Gold Dredging Co, just N of Yreka. lY. Yu^ Consol Gold 
Fields, on Scott River, near Callahan. 


Table 126. Chain-bucket Dredges Operating in Nor Calif, 1936-37 (410) 



I 

11 

III 

IV 

Hull construction. 

31 steel pontoons 

steel pontoons 

19 steel pontoons 

steel, no pontoons 

" area, ft. 

120 X 32 

75 X 36 

82 X 42 

123 X 56 

“ depth, ft. 

8.1 

- 6 

7 

10 




1 spud 


linii, typo. 

close 



DiicIrAtA in line... 

79 

72 



T4iic»kiitii per min. 


36 



Bucket capac, cu ft. 

91/2 

3 

6 

9 

Max depth below water, ft.. 

45 


25 

35 

Trommel size, ft. 

(0 X 7 

23 X 4 1/2 

34 X 6 

48 X 8 

“ holes, in. 

^/s. 1 / 2 . 2 

1/4. 3/8.1/2. 6/8 

*/ 8 , 1 / 2 . 6 / 8 , 8 A 

3/8. 1/9, 6/8 

Riffles. 

Hungarian 

Hungarian (r) 

M 

Hungarian 

TAf.Rl riffled area, sq ft. 



1 600 

3 500 




5 000 

10 000 


135 

56 

90 


•• helty widthf in. 

36 

24 

36 


Motive power. 

electricity 

Diesel 

electricity 

electricity 


200 



100 



35 


95 

40 



35 



if) 55 


** high'preM pump. 

50 



60 


'* '* low-prees pump. 

50 



IS 


*• " auxiliary pump... 

50 


(d) 95 



** ** iimalK aiiz pump. 

25 


3 


“ “ stacker. 

50 



25 

.. , 

Total load, hp. 

495 

190 

298 

(A) 750 

Aver monthly yardage. 

240 000 

60 000 

145 000 

210 000 

Aver crew (3 shifts). 

24 

18 

II 

23 


$250 000 (a) 


$160 000 


Cost per cu yd, 4. 

(1.) 4 98 


(«) 4 80 



(a) New hull; some used machinery. (^0 Inr] labor, materials, power, ordinary taxes, and 
general expenses, but excl deprcc and royalty, (c; Covered with rubber strips iiisteau of usual iron. 
Xd) Two s-in pumps at 40- and 60-ft heads. (c) 8 ome l^_it-in steel angles, some wood, shod 
-with steel or rubber. (/) Compressing air for operating winch, (g) ExcT deprec and royalty. 
Oi) Machinery mainly of sixes usually installed on dredges with larger buckets, due to di£Bcult 
digpng. ft) Not reported. 


Centerville, Idaho. Data from O. H. Metxger in 1938 (428). Gravel, 20-26 ft deep; 
deposit, 800-1 000 ft wide; 80-85% of material is finer than 0.5-iii; largest boulders 

6-8 in. Gold is mostly concentrated in 3-5 ft of 
gravel on granite bedrock; about 1 ft oi liedrock 
is excavated where possible, but in places it is 
so hard that only a few' inches can be taken. 
Dredging is carried full width of placer bed 
upstream. Dredge is all-steel with 2 spuds. 
Bucket line has 79 6-cu ft buckets, dumping at 
22 per min; rated capac, 6 000 cu yd per 24 hr. 
Dredge takes a 6-ft out and makes a sweep of 
about 100 ft. Trommel undersize goes to Pan- 
American jigs, where most prold is recovered; jig 
tailings are riffled. Payroll for the three 8-hr 
shifts (1937): 1 dredgemaster (salary); 3 winch- 
men @ $6.25; 6 oilers @ $5.00; 1 mechanic @ 
$6.50; 2 extras @ $6.00. A manager and an 
electrician are the only employes besides the 
regular dredge crews. Table 126 shows costs for 
dredpng 1 696 (KM) ou yd in 1936. 

Fairbanks, Alaska. Data from H. W. Rice, V-Pres U S Sm, Ref & Min Co, referring to 
operations in 1931, and quoted by Gardner and Johnson (18). Co was then operating 


Table 126. Cost of Dredging at 
Centerville, Idaho, 1936 



i percu yd 


1.374 

0.546 

1.118 
0.754 
0.118 
0.043 
0.014 
1.021 
0.012 
0.084 

0 490 


Replacements and repairs... 

Electric power. 

Transportation and express.. 
Accident compensation ins.. 
Unemployment insurance... 
Depreciation on dredge. . 

“ “ automobile, 

“ “ caterpillar.. 

General and overhead. 

Total. 

5 374 
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3 dredges on Goldstream Cr and 2 on Cleary Cr, reapectividy 14 and 26 miles from Fair¬ 
banks, where the company's steam-driven, elec plant of 8 125 kva capac was situated. 
Power distributed to dredging areas at 33 000 volts. All the gravels were permanently 
froaen, and covered with frosen muck to 120 ft depth. Moss, tundra and as much muck 
as wouM thaw naturally were 8 tripj>ed hydraulically with water brought 90 miles by 
ditch, siphons, and a 4 000-ft tunnel; capac of water system was 5 000 miner’s in (deliver¬ 
ing at press of 80-160 lb), practically all of which was used in stripping. Gravel thawed 
by cold water (Art 131), between about May 10 and Sept 20. Gravel 35 ft or lees in 
depth was thawed by driven points at 16-ft c-c, requiring about half a season; in deeper 
gravels, points were set in churn-drilled holes 32 ft c-c. and thawing might not be com¬ 
pleted in a whole season. Normally, enough gravel was thawed ahead of each dredge to 
provide a full season’s Work, usually about 210 days; re-freezing during winter penetrat^ 
only 7-8 ft, which depth thawed naturally early in summer. In season of 1931, stripping 
amounted to 7 011 000 cu yd, or 52 000 cu yd per day; thaw'ing, 8 133 000 cu yd, or 
64 000 cu yd per day; the 6 dredges dug 6 916 000 cu yd of material, or 30 800 cu yd per 
working day. Gravel contained few boulders over 12 in, and little clay. Gold was mainly 
close to bedrock, and might penetrrte 5 ft into it, if of blocky schist. Table 127 gives 
construction and operating data on ttie dredges. Following additional features were com¬ 
mon to all: hulls, all-steel, assembled in the field; housings, stacker, and ladder all heated; 
each hull had 2 spuds in the stern; bucket-chains, close-connected; trommels, pitching 

1 6/8 in per ft, had successively i/g-, ^/s-> and s/s-in holes in upper 3 segments, followed by 

2 segments with by 1 1 / 2 -in and 1 i/s by 1 6 / 4 -in slots; nearly all of gold was finer 
than 8 -mesh, with a few nuggets up to 1 oz; transverse tables sloped 1.25 in, and longit 
tables 1 l/g in per ft; Hungarian riffles were 1-1.25 in deep, 1 in wide, 2.26 in c-c. 


Table 127. Data, Fairbanks Dredges, in 1931 


Oredgo No 2 


Creek. Goldstream 

Aver depth dredged, ft. 45. 2 

Hull, length, ft. 128 

“ width, ft. 60 

draft. y I" 

Total depth dug, ft. 64 

of which, under water, ft. 48 

Buckets in line. 93 

Bucket capacity, cu ft. 10 

Trommel, length. 44^ 7 i/s" 

" diam, ft. 8 

" speed, rpm. 6.74 

Tables, tot^ area, b(| ft. 4 535 

High-presc pump, site, in. 14 

press, lb per sq in. 27 

gal per min. 5 500 

Low-press pump, size, in. 14 

press, lb per sq in. 14 

gal per min. 5 500 

Hopper pump, gal per min. I 000 

Motor hp: 

Digging. 250 

Trommel. 75 

Stacker. 50 

High-press pump. 150 

Low-press pump. 75 

Hopper pump. 40 

Swing winrh. 40 

Others (4). : 69 

Total connected load. 


Aver load, hp. 

Max 3-min peak, hp. 

Width of cut, ft. 

No of cuts. 

Aver width of advance, ft. 

Distance advanced in season, ft 

Operating days (3-Bhift). 

Aver cu yd per day. 


2 

3 

5 

6 

8 

Goldstream 

Cleary 

Cleary 

Goldstream 

Goldstream 

45.2 

46.5 

33.5 

22.3 

18.9 

128 

148 

108 

108 

99 

60 

60 

60 

60 

50 

y 1 " 

8 ' 11 " 

O' 10 " 

O' 5" 

r y' 

64 

78 

53 

53 

44 

48 

60 

36 

36 

28 

93 

104 

78 

78 

68 

10 

10 

6 

6 

6 

44^7 1 / 2 " 

44^ 7 1/2" 

43' 0 1/2" 

4y 01 / 2 " 

36' 21/a" 

8 

8 

6 

6 

6 

) 6.74 

6.74 

8.9 

8.9 

8.9 

4 535 

4 535 

2 125 

2 125 

1 460 

14 

14 

12 

12 

10 

27 

27 

25 

25 

22 

5 500 

5 500 

4 000 

4 000 

4 000 

14 

14 

12 

12 

10 

14 

14 

14 

14 

II 

5 500 

5 500 

4 000 

4 000 

3 000 

1 000 

1 000 




250 

250 

> 150 


150 

75 

75 

60 

60 

40 

50 

50 

25 

25 

25 

150 

150 

100 

100 

75 

75 

75 

. 60 


40 

40 

40 




40 

40 

25 

25 

25 

69 

69 

69 

69 

69 

749 

749 

489 

mm 

424 



640 

925 

150-230 
2-3 
349 
3 061 
224 
8 770 


360 

455 

100-180 
2-7 
445 
2 302 
226 
5 990 


260 
360 
90-170 
2-5 
395 
3 634 
225 
5 600 


260 
470 
70-100 
2-3 
310 
5 057 
243 
5 040 
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PLACER MINING METHODS 


PlatintuD dredging In AlMkt. Data in Table 128, contributed by C. J. Johnaton, 
Trees and Mgr of Goodnews Bay Mining Co, relate to a Yuba 8-cu ft dredge with 

steel pontoon hull, operating 
on Salmon River and its trib* 
utary creeks, lower Kuakokwim 
dist. 

Yukon Consol Gold Corp, Ltd. 
Data from W. H. S. McFarland, 
Gen Mgr (434) and G. R. F. 
Troop, Direc and Sec'yTreas 
(435) in 1939. Accompanying 
statistical and cost tables were 
contributed personally 1^ Mr. 
McFarland in 1940. 

General. Co, with headquar¬ 
ters at Dawson, Y T, controls 
alx>ut 1 000 sq miles of placer 
claims and leases distributed along 
Klondike River and tributaries. 


Table 128. Platinum Dredging, Goodnews Bay Co 



1938 

1939 

Material dredged, cu yd. 

1 164 098 

973 614 

Dajrs operated. 

199 

184 

Aver running time per day, far : min. 

21 : 00 

21 : 40 

Cu yd per hr running. 

Coata, i per ou yd: 

278.8 

243.9 

Operating labor. 

4.355 

4.772 

" Bupplies. 

0.613 

0.341 

" power. 

3.366 

2.821 

Repair labor. 

1.548 

1.205 

" auppUea. 

2.i77 

3 432 

General expenae. 

1 670 

1 671 

Total eost, i . 

14 229 

14.242 


and along several north tributaries of Indian River, south of the Klondike. Of'92 000000 
cu yd of gravel (containing gold worth $41 000 0(H)) proved and in reserve at end of 1938, ail 
except 8 000 000 cu yd of hill and bench gravels (to be hydraulicked or draglined) lies in 
creek valleys adapted for dredging. About two-thirds of the tested area was worked 
previously by drift or hydraulic mining; of 10 dredges operating in 1939, six were re¬ 
working such gravel. Only 2 dredges, those farthest downstream on the Klondike River 
and Bonanxa Cr, worked in naturally thawed gravel; elsewhere, the gravel was almost 
completely froecn. Gravels in Dawson dist rarely exceed 10-ft depth, except in Klondike 
valley where max depth is 45 ft (aver, 30 ft). Gold, free and relatively coarse, is mainly 
in bottom of gravel and upper 4 ft of bedrock; if latter is blocky or slabby, as much as 
10 ft of it is sometimes dug. Overburden of froxen, totally barren muck is 10-65 ft deep, 
usually covered by moss, sod, and brush. Working Bea.son is short. Preparatory work 
on dredges begins about Apl 1; first dredges (usually the larger, or those in richer ground) 
sUrt towards end of Apl, followed by others as rapidly as increasing water supply develops 
necessary power at the central hydro-generating plant, until all are operating by mid-May, 
After Nov 1, diminishing water supply for power, with increasing freezing, lead to suspen¬ 
sion, first of the smaller, and later, of the larger dredges; in the exceptionally favorable 
1938 season, 2 dredges w'orked until Dec 24. During the summer, Co employs 600-675 
men, of whom only 90 are retained through tlie winter. Min wages for common labor, 
60( per hr, plus keep, 

totaling $7.28 for 10-hr Table 189. Data on Stripping by Yukon Consol Gold Corp, Ltd 
day. Cost of supplies (From W. H. S. McFarland, Gen Mgr, in 1940) 

includes freight charges of 
$56 (for machinery) to 
$135 per ton from Van¬ 
couver to Dawson, tia 
Skagway and \V hitchorse, 
plus local transport by 
truck and tractor, until 
recently costing about 50(! 
per ton-mile. 

Stripping of frozen 
muck is done as in hydrau¬ 
lic mining (Art 123), with 
water supplied under press 
from ditches, or by pump¬ 
ing from local streams; 
suitable press, 50-120 lb 
I>er S41 in. After providing 
channels for run-off into 
nearest natural outlet, a 
row of 8 or 10 No 2 giants 
with 3.6-in nozzles is so 



arranged that consecutive 
portions of the area can be 
stripped in rotation, with 


(b) For depth of muck at those sites where thawing was remdred, 
see Table 149. ( 6 ) 1 in-day - 1.5 cu ft per mm for 24 hr. (c) Cu yd, 

per in-day. (d) Itemiaed oasts for some examples are in Table 130. 
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Tftbla ISO. Colt of Stripping by Tokon Comol Gold Corp, Ltd little moving of the giants. 

(EVomW.H.S. McFarland, Gen Mgr; lor technical data, •eeTaWe 129) thawed muck 

has been removed from 

one portion, the next giant 
is put into action, tearing 
the first area to thaw nat- 
urally. By the time the 
last giant in the row has 
finished its work, the area 
adjacent to the first will 
have thawed enough to 
allow removal of another 
layer. Distance, in ft, 
worked from a giant is 
roughly 1.5 times the wa¬ 
ter press in lb per sq in. 
Tailings piles, often com¬ 
plicating the procedure, 
are removed'by a special 
set-up of a giant before attacking the muck. Pumps for stripping arc 10-in centrifugals, 
rated at 3 000 US gal per niin at 150-ft head, suitable for a 3.5-in nozsle; each is driven 
by 150-bp 2 300-volt, synchronous motor. Each unit, with starting equipment, U 


Table 131. Data on t Dredges of Yukon Consol Gold Corp, Ltd 

_(From W. H. S. McFarland, Gen Mgr, in 1940) 


Dredge No 

2 

3 

4 

huUt . 


1911 



1912 



1912 


Maker. 


Marion 



Marion 



Marion 


Hull. 


Wood 



WfKxl 



Wood 


Bucket, ea ft 


16 



16 



16 


Year. 

1936 


1938 

1936 

1937 

1938 

1936 

1937 

1938 

tSennon opened... . 

May 9 


Apr 29 

May 4 

May 6 

Apr 29 

Apr 24 

July II 

May 3 

Season, days... . 

208 


240 


203 

225 


145 

238 

Working time, % 

92 92 

86 54 

86 09 

92 21 

90 66 

89.43 

89.57 

88.15 

88.56 

Cu yd dredged_ 

2 032 326 

1811924 

2071 824 

1864 471 

2 721044 

2045 872 

1 891 243 

1089 377 

1 756 372 

Power, kw'hr_ 

1986 800 

2060 100 

2 262 200 

2092 200 

2036600 

2446600 


1610400 

2 599100 

Coeta, ^ per cu yd: 






(d) 




Shut-down season 










Direct (6)_ 

1 73 

2 46 

0 50 

1.69 

0.60 

0.81 

1.90 

1.71 

i.10 

Indirect (e)_ 

0 53 


0.48 

0.55 

0.22 

0.34 

0.60 

0.94 

0.45 

Working season 


■■I 








Direct (6). 

3.44 


3 88 

4.21 

2.71 

4.33 

2.92 


5.00 

Indirect (c) .. 

1 14 

1 83 

1 35 

2 99 

1 16 

1 71 

0.73 

6 20 

II 30 

Total — 

6 84 

mm 

6 21 

9 44 

4 69 

7.19 

6.15 

14 65 

17.85 

Dredge No 

5 


_ 7 

Built . 


1937 (a) 



1936 (a) 



1935 (a) 


Maker. 


Marion 



Burynis 



Bucyrus 


HuU. 


Wood 



Wood 



Wood 


Bucket, cu ft. 


7 



7 



5 


Year. 

1936 

1937 

1938 

1936 

1937 

> 1938 

1936 

1937 

1938 

Season opened... . 

May 13 

Aug 3 

Apr 27 

June 22 

May 4 

Apr 28 

Mays 

Apr 27 

Apr 21 

Season, days. 

177 

102 


137 

190 

196 

201 

202 

214 

Working time, %. .. 

89 21 

90 31 


86.78 

88 32 

89 64 

92.61 

92.55 

93 II 

Cu yd dredged .. . 

584113 

310 971 

7W890 

682 124 

579 701 

708 768 

488 225 

508107 

389 936 

Power, kw-hr._ 

743 500 

474300 

1018 900 

620400 

831 aio 

854 500 

696100 

773300 

640 800 

Ccsts, f per cu yd: 






(d) 




Shut-down season 










Direct (t). 

3 39 


0 61 

2 02 

1 23 

0 56 

2 81 

1.58 

1 55 

Indirect (c) . 

2.18 

3.56 

0.87 

1 61 

1 05 

0.94 

2.25 

1.39 

1.95 

Working season 










Direct (6). 

5 71 

8.31 

5.53 

4.57 

7.88 

6.17 

8.34 

mm 

10.58 

Indirect (e) .. 

9 78 

9.75 

9.70 

6 56 

7.84 

II 35 

12.99 

BUtJ 

9.67 

Total . . . 

21 06 

21.62 

16 71 

14 76 

18 00 

19.02 

26 39 

19 07 

23 75 


(a) Rebuilt, (b)* Direct charges include; Wages; Mess and camp expense; Repair parts; Other 
aupplim; Machine and electrical shops; Transportation; Power, (c) Indirect cbarj^ include: 
Stripping; 1 hawing; Prospect drilling; General expense; Bullion expense; Engineering; Supervision; 
Sundry, (d) Itemised in detail in Table 132. 


Dredge No. 

4 

5 

6 

7 

8 

10 

II 

Year. 

1937 

1938 

1938 

1938 

1938 

1938 

1938 

Costs, i per cu yd: 








Wages. 

4 35 

2.10 

2.06 

2.58 

2.55 

4.61 

4.49 

Camp and mcea. 

2.09 

0.95 

0.91 

1.14 

1.15 

2.03 

1.99 

Supplies. 

0.28 

.13 

.12 

0.05 

0.11 

0.05 

0.38 

Shops. 

.48 

.14 

.21 

.27 

.14 

.38 

.66 

Transport. 

.87 

.20 

.36 

.71 

.30 

I.IO 

1.86 

Power. 

2.39 

.64 


.42 

.50 

.97 

.92 

Engineering and 








super. 

.46 

.14 

.19 

.32 

.19 

.46 

.75 

Ditches. 

• • • p 

m • 4 , 

3.41 

1.92 

1.36 

p • • • 

• > p p 

Brush cutting.. 


.23 

.58 


.50 

.21 

26 

Total. 

10 92 

4 53 

7.84 

7.41 

6 80 

9.81 

II 31 
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PLACEB MINING METHODS 


housed in s portable buildine, 18 by 10 ft. mounted on skids. Active stripping is 
feasible only between mid-May and end of Sep; preparatory work begins about a month 
earlier. Table 129 gives operating data, and Table 130 itemises costs of such stripping 
at 7 of the Go's dredge sites. 

Thawing is applied to the froscn gravel exposed (as completely as practicable) 
removing the muck; the cold-water method is employed. For details and costs, see 
Art 131. 

Dredging. At end of 1939, Co was operating 10 dredges (No 2-11, incl; No 1 was 
dismantled in 1938 after 33 yr service on 3 sites). All have wooden bulls, and are eleo 
operated. Table 131 gives data and costs for 3 yr on 6 dredges, No 2-7. No 8, a 7-ft 
Yuba dredge, handled 455 453 cu yd in its 161-day season of 1938, at total cost of 21.72(i 
per yd. No 9 is a 5-ft Bucyrus, re-built in 1938; No 10 and 11 are both 7-ft Yubas, built 
1939. A new 7-ft dredge in the Klondike costs about $350 000, exclusive of camp buildings, 

power-line connections. 

Table 13S. Itemized Costs at S Yukon Consol Dredges, 1938 roads, and stripping and 

thawing equipment; to 
justify such installation 
would require about 10- 
000 000 cu yd (on basis of 
aver value of present re¬ 
serves) or a life of 15 yr. 
Table 132 gives itemised 
costs for 1938 at 2 dredges 
selected to represent: (No 
3) a large-scale operation 
in naturally thawed 
ground on Klondike River; 
and (No 6) a smaller oper¬ 
ation in ground which had 
to be both stripped and 
thawed. The 9 dredges 
working in 1938 dug a to¬ 
tal of about 8 500 000 cu 
yd and produced gold 
worth $2 131 000 (25.1^ 
per yd): 2 of these dredges 
were working in unproved 
ground. These 9 dredges, 
with accessory thawing 
and stripping equipment, 
power plant, camps, build¬ 
ings, and ditches, repre¬ 
sent an investment, at 
cost, of $6 750 000. 


(From W. H. S. McFarland, Gen Mgr. For oi>erating data, 
gee Table 131) 


Coets, i per cu yd 

Dredge No 3 

2 04S 872 cuyd 

Dredge No 6 

708 768 on yd 

Shut¬ 

down 

season 

Oper¬ 

ating 

season 

Total 

Shut¬ 

down 

season 

Oper¬ 

ating 

seaeon 

Total 

Direct Chargee 







Wages. 

0.176 

1.229 

I.40S 

0.221 

2.601 

2.822 

Mesa and camp exp... 

.077 

.505 

.582 

.090 

1.307 

1.097 


.196 

.876 

1.072 


.220 

.220 

Other ruppUee. 

.042 

.394 

.436 


.492 

.492 

Machine shop. 

.226 

.274 

.502 

.153 

.860 

1.013 

Electrical shop. 

.032 

.058 

.090 

.016 

.035 

.051 

Transportation. 

.043 

.218 

.261 

.041 

.236 

.277 

Power.... 

.020 

.772 

.792 

.042 

.715 

.757 

Total direct. 

0.614 

4.326 

5.140 

0.563 

6.166 

6.729 

Indirect chargee 







Stripping. 

• • • » 

.... 

« ■ « • 

» • • a 

2.387 

2.387 

Thawing (by water).. 

• • s . 


• • ■ • 

• a a a 

5.244 

5.244 

Prospect drilling. 


0.180 

0.160 

• . a a 

.499 

.499 

General exp. 

0.277 

.717 

.994 

0.800 

2.069 

2.869 

Bullion exp. 

.036 

.668 

.706 

.068 

.915 

,983 

Engineering. 

.006 

.064 

.070 

.028 

.168 

.196 

Supervision. 

.013 

.026 

.039 

.039 

.074 

.113 

Sundry. 

.... 

.059 

.059 

a . a . 



Total indirect . 

0.334 

1.714 

2.048 

0.935 

11.356 

12.291 

Total working cost.... 

I.t48 

6.040 

7.188 

1.498 

17.522 

19.020 


Table 133. Yukon Consol Gold Corp; Power Plant Costs 


(Data from W. H. P. McFarland, Gen Mgr, in 1940) 


Year 

1936 

1937 

1938 

Kw-br diatributed... 

18 412 308 

21 447 648 

28 073 088 

Coat, i per kw-hr: 




Power plant— 




Operation. 

0.206 

0.211 

0.114 

Improvement.... 


s a a s • 

.021 

N Fork ditch— 




Operation. 

.091 

.059 

.049 

Improvement.... 

.311 

.205 

.084 

8 Fork ditch— 




Operation. 

.061 

.051 

.036 

Improvement.... 

.105 

.137 

.040 

Maint, 33 000-v line.. 

.069 

.057 

.057 

“ aecondary lines 




and eub-staa... 


.053 

.034 

Total. 

0.843 

0 773 

0 435 


Distribution, 1938—Labor, 0.126; camp and mess, 0.060; suppUea, 
0.037; shops, 0.088; transport, 0.000; engineering and supervising, 0.034; 
total, 0.436. 


Hjrdro-elec power plant, 
of 15 000-hp, is situated on 
Klondike Kiver about 28 
miles above Dawson. Its 
three 5 000-hp turbines, at 
220-ft head, drive one 4 690- 
kva, and two 3 000-kva gen¬ 
erators, delivering at 33 000 
volts. First water supply 
came from the North fork of 
the river, through a 6-inile 
ditch; added supply of 10 000 
miner’s in from the South 
fork was obtained by a 16- 
miVe ditch. The high-tension 
line is 04.3 miles long; dis¬ 
tributing lines, at 2 300 volts, 
37.4 miles. Table 133 gives 
costs of operating and main¬ 
taining the power plant. 
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Bi^lo. Nm Oumea. Contributed by C. A. Banks, Mng Dir, in 1940; for aulier and 
Dwre detwed data, see Bib (436). Operations are noteworthy l^auae entire equipment 
of 8 steel dredgM md 2 hydro-elec plants delivering 8 000 bp was transported by aero¬ 
plane. Beginning in 1931, 30 000 short tons of machinery and supplira were flown up to 
1940 without fatal or disabling personal accident, or loss of any equipment. Airline dis¬ 
tance from aerodrome at Port Lae to 2 landing flelds 6 miles apart on property is only 
36-40 miles, but an intervening 6 000-ft range with lowest pass at 4 000 ft, and difficult 
jungle conditions, made land travel by llO-mile road slow and costly; air transport is 
estimated to have saved 2 years’ time. Flight from Lae to Bidolo takes about 40 min, 
and the round-trip, incl loading and unloading, about 2 hr. Elev at property is 2 260 ft. 
Tbanspobt isquiPMENT includes 3 Junker G-31 aeroplanes, each with three 650-hp 
Astt & Whitney Hornet engines. Cargo compartment is 24 ft long, 77 in wide, 69 in 
high except over the hatch, whoie height is 82 in; hatch opening, 60 by 141.5 in. Planes 
were designed for pay-load of 7 000 lb, but 8 000 lb have ^en carried safely; loads aver 
about 5 000 lb. Heaviest single pieces (upper-tumbler shafts) weighed 6 950 lb each for 
the first 4 dredges, and 7 560 lb for No 5. Total capital outlay for air transport was con¬ 
siderably less than would 
have lieen required for 
construction of suitable 
road and purchase of vehi¬ 
cles. Unit cost of air 
TRA.vapoBT has declined 
with increasing tonnage 
and introduction of cer¬ 
tain economies. During 
64 moB prior to 19.37, cost 
for 14 341 short tons was 
$49.94 per ton, plus amor¬ 
tization then estimated at 
$11.85 per ton. During 3 
yr to end of 1039, costs on basis of 420 tons monthly were as in Table 134. Gasolene cost 
about 32.5^ per Imp gal (27.1fl per U S gal). Now that the property is fully equipped for 


Table 134. Cost of Air Transport at Bololo 



Per sh ton 

% 

Loading and unloading. 

Operating. 

Maint & repairs on planes. 

" “ ■' " ’dromes and bldgs. 

Management. 

$ 0.70 
16.67 

5.73 
1.00 
5.93 

4.73 

2.01 

47.96 

16 48 
2.88 
17.06 
13.61 

Insurance. 

Amortization... 

034.76 

7.60 

$42.36 

100.00 

Total per ton. 


Table 136. Costs of Dredging at Bulolo, New Guinea 


Fiscal yr ending 
May 31, 

1934 

1935 

1936 

1937 

■ 938 

1939 

6 -yr aver 

Cu yd dredged.... 
Yield per yd (Au d 

6 674 300 


to 915 500 

li 197 000 

ir222 000 

14 688 000 

64 617 500 

$35). 

Costs, 4 U S per cu yd; 

44.88^ 

44.834 

39.934 

44.054 

42.804 

38.104 

41.784 

Jungle clearing.. . 

mSm 

0.36 

0 29 

0.20 

0.18 

0.22 

0.26 

Drilling & testing 

mSM 

0.07 

0.03 

0.07 

. 14 

. . « . 

.07 

Operating wages.. 

1.60 

1.57 

1.64 

1.44 

1.64 

1.37 

1.53 

Supplies. 

Kepairs & replace- 

.29 

.36 

.25 

.26 

.18 

.16 

.24 

menta, incl labor 

2.11 

1.65 

2.00 

2.64 

2.74 

3.78 

2.60 

Power. 

.87 

.76 

.34 

.38 

.40 

.34 

.48 

Servicing. 

.27 

.23 

.34 

.42 

.45 

.34 

.35 

Gold saving. 

■ • ■ • 

• t • s 

.25 

.70* 

.73 

.47 

.40 

Clean-up. 

Bullion frt & refin- 

. 16 

.12 

.13 

.14 

.16 

.14 

.14 

ing. 

BuHiun postage & 

.27 

.20 

.19 

.18 

.17 

.16 

.19 

iii 0 ur. 

.12 

.13 

.12 

.12 

.12 

.12 

.12 

Gen rep A maint. . 

.20 

.55 

.50 

.50 

.46 

.59 

.49 

General exp . 

Insur & manage- 

.52 

.74 

.69 

.84 

.53 

.50 

.6S 

ment . 

.61 

.62 

.51 

.45 

.59 

.43 

.52 

Laboratory . 

. IS 

.08 

.04 

.04 

.08 

.07 

.07 

Travel . 

.24 

.20 

.24 

. 17 

.12 

.11 

.17 

Medical . 

18 

.17 

.16 

.12 

. 12 

.11 

.14 

Lease fees . 

08 

09 

10 

14 

08 

06 

.09 

Total working. . 

8.21 

7.90 

7.82 

8.61 

8.89 

8.97 

8.49 

Admin & overhead 

.94 

.68 

.98 


1 05 

.87 

.93 

Royalties . 

2.23 

2.29 

1.90 


2 09 

1 86 

2.07 

Total expense.. 

11 38 

10.87 

10.70 

MFIM 

12 03 

11.72 

11.49 
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a life estimated at 16 yr, future transport a ill be limited to a reduced tonnage of supplies 
and replacements. Extra cost for design and erection of the dredges, incurred by nece»* 
sity for sectioualising, 'was estimated as 10% for the hulls and 5% for the machinery. 
Dreooino started in Mch, 1932, with 1 dredge, which was follow^ by 2 others within 
the next 2 yr; No 4 began dredging in Aug, 1934. Two more were added at intervals, 
putting 6 dredges at work by mid-193S. First 4 dredges all had 10.5-cu ft buckets, and 
dug respectively 29, 36, 52, 69 ft below water; to May 31, 1936, they had handled 
32 600 000 cu yd. Costs for 6 fiscal yrs, and aver costs for period, are in Table 136, in 
U S cents per cu yd. Gou>-SAViNa eqttipuent on all dredges (as of 1937) includes 
double-deck tables 21 in wide, 12 ft long, with Hg in wells at top and on rifiSes. Table 
tailings go to jigs. Hutch product, 100-150 tons per day, or about 1% of gravel treated, 
passes through rubier-lined tube-mill 11.76 ft long, 50 in inside diam, loaded with about 
1.5 tons of 1.5-in steel balls, and then over amalgamated plates. A flotation cell was 
installed On 1 dredge, with good saving, but was later found unnecessary when jigging 
was adopted. 

Colombia. C. A. Banks, Managing Director Pato Consol Gold Dredging, Ltd, con« 
tributes data on operations of the 3 largest and must typical of Go’s 5 dredges, working a 
proticrty which extends 16 miles along the Nechi River, Zaragosa diet. Equipment 
includes 2 hydro-elec plants, totaling about 12 000 hp. Table 136 gives costs, in U S (i per 

cu yd, for fiscal yr ended 
Apl 30,1939. Each dredge 
has 13.5-cu ft buckets, and 
was designed to dig (at 
24-26 buckets per min) 
3 500 000-4 000 000 cu yd 
annually; max digging 
depth is 75-80 ft on 
Boyac4. dredge,65-67ft on 
the others. Jobo dredge 
has been operating partly 
on ground covei ed with 40 
ft of barren clay and portly 
on a bench inhere a hif^ 
bank was unavoidable. 
,San Francisco dredge (dur¬ 
ing yr stated) worked 
mostly in tailings, with 
some patches of virgin 
ground which escaped ear¬ 
lier dredges; digging was 
relatively easy. Boyacd 
dredge operated in a low, 
swampy area, with 50 ft of 
sand overburden; digging 
moderately easy. All 
dredges arc equipped with 
Placer rougher and Pan 
American pulsator cleaner jigs, treating overflow from riffled tables. Final jig concen¬ 
trate passes over amalgamated plates, tailings going to a scavenger jig, hutch proiluct 
of which is ground in a 2 by 4-ft ball mill and returned to the cleaner cells. 

Bright, Victoria. Australia. H. S. Elford. in 1935, gives mechanical details and 
operating costs of a steam-driven, fluine-typc dredge working in gravel averaging aliout 
24 ft deep (439). Buckets are of 7.6-eu ft eapae. Ladder has overall length of 78 ft 9 in; 
w't, 35 tons. Dredge digs 35 ft (max) below water line. Hull, of s 'le-in riveted steel plate, 
is 111 ft long, 38 ft 9 in wide and 7 ft deep; draft, 6 ft 3 in. Bucket drive is from a com¬ 
pound, condensing, 125 bp Marshall engine, running at 110 rpm and driving the first- 
motion shaft through eight 1.75-in munila ropes. By reduction gears, top tumbler ie 
given a speed of 4 rpm, delivering 18 buckets per min. 

.Steam at IQO-tb prees is froir a wood-fired, multi-tubular boiler, burning 200 cords of eucalyptus 
per mo; delivered cost of w’ocj, 13 sh per c>.rd. Main winch is driven by a 12-hp, twin-cylinder 
engine. Dredge buckets deli.'er into a chute feeding a duplex shaking screen, set at slope of 1.25 in 
per ft, and making 70 M 7 ,' 1 -in strokes per min; holes in upper section are S/s- and V 2 -in; in lower sec¬ 
tion, lVie*in. OvereiM material u delivered by "stone chute" 25 ft behind the boat. This chute 


Table 136. Cost of Dredging at Pato, Colombia 

(U S ^ per cu yd: year ended .4pr 30, 1039) 


Dredge 

Jobo 

San Fran¬ 
cisco 

Buyacd 

Totals 

Cu yd dredged. 

3 400 000 

3 760 000 

3 535 000 

10 695 000 

Yields per ou yd (Au 





t35). 

11.48^ 

17.27^ 

10.14^ 

13.07^ 

Working costs: 





Wages. 

1.33 

0.99 

0.67 

1.06 

Repairs, replacements 





and supplies. 

1.36 

.97 

.91 

1.07 

Power. 

0.43 

.30 

.39 

.37 

Clean-up. 

.07 

.09 

.08 

.08 

Drilling & testing .... 

17 

. 12 

13 

14 

Total working. 

3.36 

2.47 

2 38 

2.72 

Bullion realization.... 

.23 

.36 

.19 

.26 

Office, management. 





camp, insur, etc .... 

1.04 

.80 

1.52 

1 . 12 

Legal, social and agency 





expenses... 

.65 

65 

65 

65 

Total product'n cost 

3 28 

4.28 

4.74 

4.75 

Directors, administr, in- 





terest, etc. 

.48 

.48 

.48 

.48 

Gold tax. 

.63 

.94 

.55 

.71 

Income taxes. 

40 

.65 

.35 

.55 

Total cost. 

6.79 

6 55 

6 . 12 

6 49 
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hM 8e]iu-«iro«ter aeetion, 3.5 ft dism, itnd is lined with 4 hy 0.7&-in steel westring pistes. It is sus> 
pended by wire ropes from sn 8 by 4-in ohsnnel 3 ft above bottom of the chute. Screen undersise 
passes to gold-saving sluices, lined 

with coconut matting under ex- Table 137. Costs of Operatiog Flume-type Dredge, 
panded metal. Most of the gold is Bright, Victoria, in 1935 

caught in the first 6 ft of sluicM, the 
upper 12 ft of which is covered with 
a steel plate locked in place to pre¬ 
vent theft of gold. Sluice tailings 
pass into a single launder discharg¬ 
ing 42 ft behind the dredge, or 17 ft 
beyond the stone chute. On clean¬ 
up, dredging stops, and expanded 
metal and matting of aU launders 
are removed. Concentrate is washed 
out of the matting in a launder and 
collected behind temporary riiiies; 
then transferred to an amalgamator. 

Aver capac of dredge is about 16 000 
cu yd weekly, from 0.42 aore. Table 
137 gives working costs for three 4- 
week periods in 1035. 


Four weeks ending 

Jan 19 

Feb 16 

Moh 16 

% full time operating... 

88 

90 

85 

Aver depth, ft. 

24 

24.1 

24.9 

Cu yd dug. 

SS 600 

67 500 

65 650 

Gold yield, oz. 

99.5 

124.4 

186.0 

Cost, pence per ou yd; 
WagoB and salaries.... 

1.219 

1.164 

1.205 

Allowance. 

0.034 

0.047 

0.040 

Stores. 

0.928 

0.693 

0.798 

Fuel. 

0.593 

0.458 

0.463 

Insurance. 

0.032 

0.027 

0.006 

Rent, rates, taxes. 

0.019 

0 013 

0.019 

General. 

0.007 

0.005 

0 002 

Total. 

2.832 

2 407 

2.533 


Lmkekaksmu, Papua. Data from J. W. Hinks in 1937 (440). Operation of Tiveri 
Gold Dredging Co, Ltd, is noteworthy for diminutive size of dredge. Bucket lino has 34 
buckets of 1.25-cu ft capac, and gross wt of entire plant is only 59 tons; wt of individual 
parts was limited to permit transport by native rorriers; heaviest single part, 725 lb. 
Bucket ladder can dig 15 ft below water level. Dredge has a steel hull, 60 ft long, 20 ft 
wide, and 3 ft deep, divided into 6 water-tight compartments. 


Power supplied by two 40-60-hp Industrial Marine engines, with clutches permitting either or 
both to be used. Fuel is producer gas, but enginee will operate, without alteration, on benzene ur 
keroeene. Working for 2 yr on producer gas, fuel consumption was 40 lb charcoal per hr; charcoal is 
from kiln-burning the jungle timber First recovery is in a sluice 36 ft long by 3 ft wide, with angle- 
iron rifiBes and elotted plate over coir matting. Discharge from sluice passes over a grizzly from 
which the fines return over sand tables covered with expanded metal over coir matting. Oversise 
discharges behind dredge through a flume. Results for 2 yr ending June 30: In 1036, 154 824 cu yd 
and in 1037, 158 135 cu yd, cost 8 pence per cu yd. 


Resoiling. In normal operation, a dredge destroys the value of land for agriculture, 
but sometimes, where all conditions were favorable (see below), resoiling has been suceess- 
ful, though at added cost. In most cases, some manual or mechanical work has been needed 
to complete reconditioning the surface. A dredge operating witli headline (Art 127) 
spreads its tailings more evenly than a spudded dredge, but will still bury the topsoil 
unless special methods are adopted. A resoiling dredge, with spuds, was developed by 
the Natomas Co for service in Calif, but proved uneconomical under existing conditions. 
A simitar dredge, by Yuba Mfg Co in 1918, operated satisfactorily in valuable rice lands 
of Korea, abundant cheap labor being available for final leveling; such land is said to be 
ready for a crop 6 mos after dredging. C. M. Romanowitz enumerates following condi¬ 
tions for successful resoiling: (a) bedrock fairly smooth and level; (h) bedrock at nearly 
uniform depth below surface, within area to be dredged; (c) gravel fairly shallow, and 
water level in pond only slightly below ground surface; (d) deep topsoil; (e) cheap labor, 
or effic mechanical methods for final leveling; (/) land, or gravel, must be worth enough 
to justify added cost (above normal dredging) of at least'll per cu yd. 

Newstead, Victoria (441). An area of 381 acres on Loddon River, estimated to con¬ 
tain 15 000 000 cu yd of gravel averaging 3.64 grains gold (26.6^ with Au @ $35 per oz) 
per cu yd, to aver depth of 24.6 ft. was to be dredged (beginning early 1938) in such man¬ 
ner as to restore surface for farming while avoiding discharge of silt into river. Gravel is 
covered by 12-13 ft of loam and sandy clay. In its digging, screening, and gold-saving 
features, the dredge design is conventional. A close-coimected chain of 9.5-cu ft buckets 
is carried on a ladder 72 ft long between centers of tumblers; at 45“ inclination, digging 
depth below water is 27.5 ft; by raising the ladder until bottom tumbler is out of water, 
a bank 16 ft above water can be dug separately. At 21 buckets per min, output of dredge 
is 175 090 cu yd per mo. For full details of construction, see Bib (441). 

Special features required for resoiling (Fig 854): (a) Receiving end of atacicer belt, 42 in wide, 
is moved forward to a point in front of the high end of the trommel: pasaing under the latter, the belt 
rises from the atern at 18® and discharges 25 ft above and 104 ft behind the deck: total length of 
stacker-conveyer, 160 ft. (b) Chute from bucket-discharge hopper to trommel has a removable 
bottom segment, under which is another chute which delivers the entire bucket-discharge to the 
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tsiliaga ataoker, by-pasBiiig the eereen; this is done while ladder is working in dry soil above gravd. 
(e) Chute delivering screen oversise to stacker belt also has a removable bottom aegmenti through 
which the coarse tailings can be dropped {via another chute) into the pond 15 ft behind the stem, 
(d) Longit sluice boxes terminate in 4 tail chutes discharging sands 25 ft behind the stern. These 
mo^Rcations reverse the usual order of depositing tailings, the coarse now being on bottom, sands in 
middle, and soil on top. AvotDAMCB op siltimo. Tract was prepared in advance by building 
levees 35 ft wide at base, 4 ft wide at top, and averaging 9 ft high, or 2 ft above highest recorded water 


Flats removed when 

stacking overburden 


—IT—””- 

» 'I 

V\N !• ✓ '•/ 
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Fig 854. Dredge Equipped for Rcsoiling, Newstead, Victoria 


level of river. A settling dam was provided at elev above highest flood water. To this, dirty water 
from dredging pond was to be pumped, clarified water returning to pond, makeup water being 
pumped from river. 


129. DRAGLINE DREDGING 

By Chableh White Mebrill, U S Bur Mines, San Francisco 

General The washing plants are mounted on scows or pontoons to which gravel is delivered 
by dragline excavators standing on dry land; for analogous methods employing stationary or mov¬ 
able washers on land see .\rt 122. The excavator retreats os it cuts away the bank on which it 
stands; the washer is floated into the newly-dredged pond. Early installations included a plant 
built in Siberia by American engineers in 1910; after 2 seasons' operation, the washer was convm'ted 
into a bucket-ladder dredge. Present practice began in 1933, when 2 plants were built almost simul¬ 
taneously near Oroville, C^alif, and Helena, Mont. Table 138 shows the great expansion of the 
method in Calif since 1933; many plants are now at work also in Alaska, Ida, Mont, Ore, Colo, Aris, 
Nev, and the Philippines. Recent changes in the method and its expanding production have made 
much of its literature obsolete The rapid advance of the industry resulted in part from the need 
for a new method, but the roinridrnt rise in price of gold was a major factor in its widespread 
acceptance. The special field of the dragline dredge is in working deposits too small to warrant 
installation of bucket-ladder dredges (Art 127, 128). 


Table 138. Dragline Dredging in Calif, 1933-1938. (Minerals Yearbook. 1939, p 235) 


Year 

Production umts 

1 

Material 

treated 

Gold recovered 

Aver value 

% of total 
Calif 

placer gold 

Mines 

Dredges 

Cubic yarde 

Fine os 

Value 

per cu yd, i 

1933 

2 

2 

II 500 

75.26 

8 1 924 

16.0 


1934 

4 

4 

604 000 

3 466.04 

121 138 

20.1 

i 

1935 

24 

24 

3 906 000 

22 191.47 

776 701 

19.9 

6 

1936 

30 

31 

10 016 000 

49 976.54 

1 748 864 

17.5 

12 

1937 

51 

55 

19 364 000 

94 142.00 

3 294 970 

17.0 

20 

1938 

77 

80 

24 560 000 

118 108.00 

4 133 780 

16.8 

21 


Requirements for successful operation, (a) Easy-digging gravel, with few boulders 
(dragline lacks the digging power of a shovel or a bucket-line), (b) Max depth below 
water, about 30 ft; general aver has been 10-12 ft; ideal digging, 16 ft (working depth 
of gravels has increased steadily), (c) Fairly smooth, soft, unfissured bedrock; dragline 
digging under water is k-u effective in recovering bedrock gold, (d) Gravel of sufficient 
riohness (including in the average such barren gravel as roust unavoidably be handled) 
to pay expenses about 50% higher per cu yd than those of a bucket-ladder dredge. Direct 
working costs of dragline drediies in the U S in 1937 were 6-15ft per cu yd (165); aver 
gold recovery in Calif in 193b was 16.8^ per cu yd. (e) Sufficient yardage of prontable 
gravel to cover aroortisatioa of equipment (cost of plants is from WO 000 to $2(K} 000); 
the whole yardage need not be contiguous, since the plant is readily moved from one 
deposit to another; provision for moving expenses (Table 139) must be included in cost 
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eBtimatee. (/) Topography not much rougher than for bucket-ladder dredges; if the 
gravel will hold water, by using buildoser and dragline on ditches and levees, ponds can 
be made that enable a washing plant to climb Bloi>es as steep as 5%, but they generally 
work on much lower gradients. 


Table 139. Cost of Moving Dragline Dredges, 1938-39. (Data from U. B. Gilroy) 



Lord ti Bisbop 

Sacramento Dredging Co 

Table Mt Dredging Co 

Equipnmit. 

1 5-yd dragline. 


1.5-yd dragline... 55 tons 

2*yd dragline..... 60 tons 


1 .S-yd washer. 

.30 " 

1.5-yd washer,... 30 " 

2-yd washer. 

....35 " 


Steel pontoons. 

. 30 " 

Steel pontoons... 30 “ 

Steel poiitouna... 35 


Cateri^lar bulldoMr. 

Aooesaories. 

. 22 “ 

. 5 *' 

Cat-bulldoier_22 '* 

Accessories. 5 “ 

Acceaeories.. 

.... 5 " 


Total weight. 


Total weight .. 142 tons 

1 Total weight.. 135 tons 


Move No 1 

Move No 2 

Move No 3 

Move No 1 

Move No 2 

Stage 1 

Stage 2 

Tons by truck... 

87 

142 

142 

142 

87 

135 


“ by RR.... 

55 




55 


160(e) 

Loontioni (6): 








From. 

Butte Co 

Grays Flat 

Nor Calif 

Folsom 

Valley Sprs 

Hayfork 

Redding 

To. 

Calaveras Co 

Redding 

Central Cal 

Coloma 

Shingle Spni 

Redding 

Realito 

Distance, miles.. 

160 

155 

300 

50 

90 

70 


Cast of luul; 








By truck. 

$ 500 


$ 1 too 

1 I 000 


$ 1200 


ByRR. 

475 







Est cent disman¬ 
tling and asBcm- 

i 







bliug W. 

620 

570 

565 

545 


1 $ 1200 

Total cost d 






1 


move. 

$1 595 

$1 470 

$1 665 



$ 8 000 


(a) At ReddinK. 25 tons of parts were added before rail shipment. (6) All in Calif except 
Realito, Sonora, Mez. (c) Customary to make lonvenicnt repairs during assembly, without 
segregating their coet; above estimates include no such repairs. 


Usual equipment. Dragline excavators commonly have 1.6-2.5-cu yd buckets (max 
to date, 5 cu yd), 45-65-ft booms, and are driven by 125-150-hp Diesel engines (a few 
have elec or gasolene drive); buckets, especially whore gravel is tight, are usually 0.2^1 cu 
yd less in capac than that for which the rest of the machine is designed. Usual output is 
90-125 cu yd per hr of working time. Washers (Fig 855) mounted on steel pontoon or 
wooden scows 25—40 ft wide, 35-50 ft long, and drawing 30-40 in of water, have gold- 
saving equipment practically identical with that on bucket-ladder dredges (Art 127). 
Dumping from a dragline bucket, however, requires addition of a hopper, 10 or 12 ft 
square at top, and about 15 ft above water. The intermittent feed is equalised as far as 
possible before reaching the tables by: (a) making the hopper with low-doping rides, on 
which powerful water jets impinge; (6) by equipping the first section of the trommel 
as a scrubber; (c) by using screens, retards, lifters, and Archimedean screws in the trommel; 
failure to equalize the flow of gravel is a prime cause of poor recovery. Recommended total 
area of tables on a washer receiving 150 cu yd per hr and discarding about 50% of screen 
oversize is at least 500 and preferably 600 sq ft; width of a single table should not exceed 
30 in, due to interference with its smooth flow by careen^g of the scow when a load of gravel 
is dumped into hopper. Stackers are 40-60 ft long, with belts 24-36 in wide. Diesel engines 
of 50 to 100-hp are commonest source of power for driving pumps, trommel, stacker, and 
jigs; usually the power requirement of the dragline excavator slightly exceeds the total 
needs of the washing plant. Most plants include tractor with bulldozer, one or more 
trucks, portable pumping unit for fresh water to pond, a blacksmith shop, and welding 
outfit (when digging is difficult, the replacing of bucket teeth is a major expense). Strip¬ 
ping barren overburden by scarifier, carryall, and bulldozer is often economical. Table 140 
gives data on 6 typical dragline dredges operating in Calif in 1937, from Gardner and Alls- 
man (165). Boulders over 12 in were absent in all cases. Sluices were at grade cf 1.25- 
1.5 in per ft; upper ones had iron-topped wooden riffles (except No VI, which used 1.25-in 
angles); lower sluices (in all but No VI) were riffled with expanded metal laid on carpet, 
matting, or burlap. 

Cost of dragline dredges. Setting up the outfit is mainly a matter of selecting and 
assembling large units of ready-built machinery; excavators and buckets, trucks, and 
bulldozers are always ready-made. Washing plants can be bought ready to assemble or are 
designed and built at tbe mine. Table 141 gives prices for 4 typical outfits built in 1939. 
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Plan View 

Rg 865. General Arrangement of Electric Dragline Dredge Washing Plant. Bodinaon Mfg Co, San Frandaco, CaUf 
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Table 140. Data on CaUf Dragline Dredges Operating In 19ST (165) 



1 

II 

Aver depth gravel, ft.i 

12 

10-20 

Digging. 

easy i 

med hard 

Clay,%. 

15 

10 

Bedrock.1 

soft porph 

grnstn 


12-14 


Dragline bucket, ou yd. 

IV* 

21/4 

“ boom, ft. 

so 

80 

“ bp. 

(d)l30 

(d) 125 

Washer seow, ft. 

32 X 42 

30 X 40 

Trommel eise. 

32' X 54" 

27' X 54" 

Scrubber, length, ft. 

10 

5 

Trommel holee, in. 

8/8. V* 

8/8. Vs 

Croee-sluices, area, eq ft. 

400 

350 

Longit.. 

300 1 

320 

Riffles. 

(o) 

(o) 

Pump, disch diam, in. 

7& 4 

7 & 5 

Total washer hp. 

(d) 85 

(d) 65 

Clean*up interval, days: 
Cross sluices. 

10 

6 

Whole plant. 

20 

IS 

Mercury charged, lb. 

114 

150 

Shifts per day. 

3 

3 

Hr operating per day. 

19 Vs 

. . 

Gravel per hr, cu yd. 

82 

104 

Total crew per day. 

13 

14 

Aver rote per hr (weighted).. 

$0.73 

$0.73 

Fuel oil per hr, gal. 

8.2 

7.3 

Wash water, gal per min..... 
First cost of plant: 

Excavator. 

$22 500 

$39 600 

Washer . 

12 000 

16 000 

Miscellaneous. 


38 900 

Total. 

$34 500 

$94 500 

Working cost, t per cu yd: 
Excavating. 

4 

3.32 

W’oshing. 

5.6 

3.74 

General & miscel. 

1.5 

4.44 

Total. 

(/>) 1 1. 1 

II SO 


m 

IV 

V 

VI 

7 Vs 

6 Vs 

11 1 

4VS-12 

easy 

eany 

easy 

med tight 

small 

10 

high 

10 

hardpan 

clay 

porph 

tuff 

6-8 

6 

18 

6 

11/4 

iVs 

IVs 

IVs 

45 

50 

50 

50 

(<6 

(d) 95 

id) 120 

(e) 121 

25 X 40 

30 X 40 

30 X 40 

40 X 35 

24' X 48" 

25' X 54" 

3C' X 60" 

W X 54" 

4 

4 

12 

8 

8/8 

3/8. 1/8 

8/8. Vs. 11/4 

8/8 

324 

352 

460 

432 

ISO 

288 

250 

420 

(a) 

(a) 

(a) 

(«) 

10 

8 

8 

12 

(d) 80 

W) SO 

id) 100 

(e) 185 

5 

6. 12 

4 


14 

18 

4 

is 

60 , 

» • 

60 

. . 

2 @ 9 hr 

3 

2 4$ to hr 

3 

151/3 

18 

19 

19 

122 

167 

100 

too 

II 

13 

16 

12 

$0.71 

$0.7$ 

$0 75 



7.8 

13 

(«) 

2 800 

2 000 

1 800 

2 500 


$21 000 

$20 270 

$18 $00 

$15 000 

14 000 

22 800 

16 400 


8 600 

10 600 

3 600 

$40 000 

$43 600 

$53 670 

$38 500 




if) 




if) 




if) 

15.0 

(c) 9.0 

lie) 11.0 

iff) 12 5 


I—Cinco Mineros. Oroville. II—Penn DredginR Co, Oroville. HI—Midland Co, Cotton* 
wood. iV—It. S. Olson, KeddinR. V—A. C. Mining Co, Reddine. VI—Milton Gold Dredging 
itnterprise, Milton, (o) See text, (b) Excl deproo. (c) Iiicl deprec. {d) Diesel. («) Eleo. 
(/) See Table 143. 


Table 141. Short Specifications and Prices of Dragline Dredge and Washing Plants 


(Bodinson Mfg Co, San Francisco, 1939) 


Dregline bucket, eu yd. 

0.75-1 

1 25-1.50 

2 5 3 

5 

Nominal capuc, cu yd ixif hr. 

75-100 

100-125 

150-200 

300-400 

Feed hopper, ft. 

10X8 

11 X 10 

14 X 10 

16 X 16 

Trommel, diam and length. 

48" X 24'6" 

54" X vr 

60" X 41' 

7Z' X 50' 

Riffle area, apiurox sq ft. 

480 

780 

1 000 

1 500 

Stacker, width and length. 

24" X 40' 

30"X50' 

36" X 50' 

4r'X60' 

Stacker, drive motor, hp. 

5 

7 5 

15 

20 

Pump: diam, in; capac, gal per min. 

8; 2 $00 

10; 3 000 r 

12:4000 

14;6000 

Windics. 

4 hand power 

4 hand power 

4 hand power 

Elec & drum 

Mooring cable. 

1 200',3/8"X»/i9 

1200'. 3/8" XH/19 

1200', 8/8" X«/iB 

1600', 1/2" X 8/19 

Diesel engine. 

Cat D-4 600 

CatD-ll 000 

Murphy, 6-cyl 

FM, 225 bp 

Auxil generator for light and motw, kw. 

10 

20 

25 

200 

Hull, steel pontoon, width, length, depth. 

30* X 32* X 4r' 

34' X 42' X 38" 

36' X 48' X 48" 

40” X 64' X 54" 

Approx export weight, lb. 

88 000 

95000 

200 000 

362 000 

Approx price washing plant, fob dock, 
San FVancisco *. 

$18900 

$25 775 

$35000 

$55000 

Add for complete Diosel-eljc. 

2300 

3 000 

3500 

(Dieael-eleo only) 

Approx price of suitable dragline excavator 
del’d Pacific Coast. 

14 250 

18 400 

32 200 

70 000 

Approx price of suitable bucket. 

900 

1 100 

2000 

2 800 


♦Price includes riffles and Hg-traps, motors, their control apparatus and transmission; 
included: lumber, second deck bouse, or elec wiring. 
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PIACER MINING METHODS 


General' procedure. Most gravels worked by dragline dredges are recent stream 
deposits. If channel is not more tlian 50-60 ft wide, its full width generally is taken in 

1 out (Fig 850-A), the Washer following close behind and discharging tailings behind 
itself, screen oversize by stacker, and sands into the pond. A wider channel may be 
worked in successive cuts parallel with the stream, but it is better (Fig 856-B) to take 
successive 15 to 2()-ft cuts back and forth across the channel. (Compare with land dredge 
at Atlantic City, Wyo, Art 122.) One advantage of latter plan is that the bedrock can be 
scraped (with improved recovery) in more than one direction. By either method, position 
of the lioat is adjusted by 4 wire ropes anchored to deadmen on shore and held taut by 
winches on the boat; spuds (Art 127) are usually unnecessary. Following examples illus¬ 
trate practice as (>f 193G--1938. 

Wyandotte Cr, Oroville. Data from J. F. Magee (442) in 1936. Gravel is in 2 
beds; upper, loose and easy to dig; Lower, slightly harder; both well rounded and of 
medium size (60% on S/g-iii). Gold is 6nc; bright in upper gravel, less so in lower. Depth 
to false bedrock (decomposed volcanic ash easy to siTapo), 4-2,5 ft, ai'er 12 ft; max depth 
dredged, 24 ft; usual working depth 9.5 ft, leaving lower bed intact when necessary. 
Parts of area have up to 2.5 ft of overburden. Dkaoi.ine, Lima type 601, caterpillar- 
mounted; Diesel 102-hp engine; 60-ft boom, 1.25-yd bucket; on aver digging, it delivers 

2 heaping buckets per min, or 1.50 cu yd ikt hr. Washer is on a wooden scow drawing 
25 in of water W'hen fully loaded (tlisplacement, 65 tons). Hopper, 10 by 10.5 ft at top, 
has bottom sloping 25”; water jets regulate discharge of gravel. Trommel, 25 ft by 48 in, 
has 4-ft scrubbing section and 5-ft I)lind lower end; middle 16 ft has 3/g-in holes, 1 l/g in 
c- c throughout; slope, 1.5 in per ft. Cross-sluices, 7 on each side, are 27 in wide and 
discharge into a 4-ft sluice on each side; all grades, 1.5 in per ft; total sluice area riffled 
(iron-topped wooden rross-riifies), 480 sq ft; extensions of side sluices deposit sand tailing 
12 ft behind rear of scow. Stacker for screen over.size, 45 ft long, with 24-in belt. Wash 
water, delivered by centrif pump with 7-in discharge at 1 200 gal per min, is distributed: 

84% to trommel 
sprays, 14% to hop¬ 
per chute, 2% to 
skimmer jet to keep 
the strainer free from 
floating trash. Pur- 
chaseil water, 40 min¬ 
er’s in. Whole wash¬ 
ing plant is driven by 
50-hp, 4-cyl Diesel. 
Operation is similar 
to that in Fig 856-A; 
pond is 70 ft wide 
and about 75 ft long. 
During hrst 3 mos of 
operation, all delays 
amounted to 34.5% 
of possible time, larg¬ 
est single source of 
lost time being the 
moving of dragline, 
which was then on 
soft ground. Cobts^ 
of W’yandotte opera¬ 
tion arc compared in 
Table 142 with those 
of 2 others (localities 
not stated), practi- 
nlly identical equip¬ 
ment being employed at ai’ 3 places. Digging and wa^iing conditions differ as follows: 
At Plant A, gravel ^9.5 ft Jeep) is finer (30-40% on 3/g-in), but harder Ixith to dig and 
wash; bedrock, of decomjj«*rti*d granite, digs easily but is difficult to distinguish from 
bottom of gravel. At Plant B, gra'.el (6 ft deep) is loose and sandy, witli much coarse 
(60-75% on ®/8-in) making for eusy washing; bedrock favorable and easily recognized 
when reached. 

Milton Gold Dredging Enterprise, Calif. For geol, structural, and operating 

data, see Table 140, col VI; following addiNi information is from Julihn and Horton (67) 
in 1938. Installation is one of few dragline dredges operated entirely by elec. Trans- 


Table 142. Costs at 3 Small Dragline Dredge Operations (442) 



Wyandotte 

Plant A 

Plant n 


Apr 5-Dec 31, 

Apr 12. 1935- 

4 l/z months 

Period considered 

1935 

Apr 23, 1936 

in 1936 

Bucket size, cu yd. 

1 25 

1.25 

1 5 

Yardage treated. 

557 764 

458 000 

689 820 

Recovery, t per cu yd. 

21 19 

22.88 

14 33 

Coats: i per cu yd 




Excavating labor. 

1.40 

1.67 

1.43 

*' fuel and lubr 




oil.... 

.32 

1.05 

.40 

“ niaiiitenance 

1.60 

1.05 

.57 

Washing labor. 

2.51 

4.24 

2.16 

“ fuel and lubr oil 

.32 

.34 

.37 

" water. 

.07 

.22 

.37 

** meroury. 

.03 

.05 

.01 

" niointeimnce... . 

.90 

2.12 

.93 

General, royalty. 

1.83 

2.73 

t.OO 

'* iiMurance. 

.32 

.37 

.14 

" Burveying and 




prospect'g. ... 

.24 

.18 


“ clearing ground... 

.99 



“ office and shop . . 

.06 

.io 

.15 

“ marketing gold... 

.16 



“ transportation.... 

.12 

.09 


“ misc equipment. . 


.34 


** interest. 


05 


Total (excl depree).. . 

10.87 

14 60 

7 53 
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formcra (4 000-440 volta) are mounted on a wheeled trailer. Ground w'aa carefully proa* 
pected with 7 pits to bedrock per acre, each being groove-sampled on up-stream and 
down-stream sides; no (actors to cover 
bedrock or washing losses were applied. 

Dredge cuts, surveyed montlily, coincided 
approx with blocks as used for estimating 
(Art 11); aver recovery from over 1 0(K) 000 
cu yd was 0.2ft or a little more than 1% 
above estimate. Crow for 3-shift work com¬ 
prised 12 men and foreman at (weighted) 
aver wages of $5.75 per day. Water (50 
miner’s in) cost 11.25^ per day-in. Power 
(at l.llOGft iier kw-hr) for a tyj>ic.al month’s 
operation was 20 500 kw-hr on washer, 

20 200 kw-hr on dragline, 900 kw-hr for 
welding, lights, and shop. During hrst 2 
yr, all time lost (incl several groundings and 
a sinking of washer) was 30.8% of elapsed 
time. Aver total cost, on basis of 1 234 90S 
cu yd (bank measure) handled in 2 yr end¬ 
ing Aug 31, 1937, is itemised in Table 143. 

Lilly mine, Camanchc, Calif. Data 
from Julihn and Horton (57) in 1938. 

Gravel, 4-18 ft deep, is uncemented, and 
contains no boulders; bedrock, volcanic 
tuff. Gold fine and flaky. Similar gravel 
in adjoining tract averaged lOfi per cu yd in 
test pita. Dragline, Diesel-powered, has 
60-ft boom and 2-yd bucket; normal out¬ 
put, 100-126 cu yd per hr. Washer is on 
60 by 36-ft scow, composed of 5 wooden 
pontoons drawing 2 ft of water. Trom¬ 
mel, 32 by 4.5 ft, has 8-ft scrubber, 18 ft 


Table 143. Cost of Dragline Dredging, 
Milton, Calif, 1936-37 (57) 

(Cents per eii yd, bank measure) 


Excavating, labor. 2.12 

" supplies.34 

“ power.62 

“ repairs & maint 1.04 

" depreciation... .81 

Washing, labor. 1.02 

supplies.30 

“ power.48 

“ repairs & maint.. .85 

‘‘ depreciation.71 

General operating: 

Uoyaity. 1.59 

ProB|>rcting. .09 

Water.21 

Moving electric lines.14 

Ronds, danis„ tailings.31 

Shop. .11 

Total operating. 10,74 

General overhead: 

Superintendence. 0.58 

Auto transport.II 

Field office.09 

Taxes and insurance.09 

Marketing gold.08 

Travel.12 

San Francisco office. . 20 

Total overhead. 1.27 

Total cost, ^ per cu yd 12.01 
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of >/g-in, and 2 ft of 0A*in holes. Wash water, 3 200 gal per min. Stacker, 50 ft long, 
with 26-ill belt. Total (Hungarian) rifBed area of 16 crons-Bluices and 2 lateral sluices, 
1 500 sq ft. Clean-ups, every 10 days; mercury supplied during interval, 225 lb; loss of 
mercury, 6-7 lb at each clcan-up. 

Fresh water for pond is pumped 2 miles through 8-in pipe against 420-ft head. Washer equip¬ 
ment driven by individual elec motors: 30-hp for trommel, 40-hp for wash-water pump, 7.5 hp for 
stacker. Crew for .3-ehift work: 3 operators, 3 washer attendants, 3 laborers; 2 blacksmiths on day 
shift to maintain bucket teeth, wear on which is very severe. Of 2 close neighbors of the Lilly mine, 
one suspended operations owing to expense of saving rusty gold, the other because the gravel proved 
too hard for a t06-hp gasolene dragline with 1.25-yd bucket. 

Boise Basin, Idaho. Data from 0. H. Metagpr (428) on 2 dragline dredges operating 
in 1937, (.4) On Grimes Cr, above Pioncerville. Stream gravels 75-100 ft wide, 0-8 ft 
deep; little overburden (gravel previously worketl by hand) but heavy brush, which was 
cleared by caterpillar tractf>r. Excavation by Diesel-driven 1-yd dragline. Washing 
plant, on sttiel pontixjiis, liad 4-ft trommel in 4 sections with ^/g-in holes; tables covered 
'with carpet and expandt'd metal. In 3 mo, plant advanced 1 mile upstream, 'treating 
75 000-85 000 eu yd of gravel. (B) On a tributary of Fall Cr, west of Granite. Bench 
gravel about 15 ft deep, more firmly consolidated than stream gravel, with 5 ft of topsoil 
which was stripped and piled at sides. Excavation by Diesel 3-yd dragline with 65-ft 
boom, delivering 75 yd (aver) per hr. Washer was on six 8 by 36-ft steel pontoons assem¬ 
bled from 3/i6-in plates at. the property; it had a 5-ft trommel in 10 3-ft sections (S/g-in 
holes differently si>aced), delivering to 10 tables on each side, covered with Brussels carpet 
and expanded metal (which proved bettor than Hungarian riffles). Individual motors lor 
trommel, 2 centrif pumps (10- and 5-iii), stacker, etc, were supplied by 100-kw Diesel- 
driven generator on boat. Labor, S-shift: 3 operators, 3 oilers, 2 shoremen, 1 drcdgemastcr. 

Mill Gulch, Tenabo, Nev. Data from W. O. Vandorburg (443) in 1939. llavine 
deposit of snnd and medium-size boulders. 200-300 ft wide, is 10-45 ft (aver 30 ft) deep; 
gold, both hne and coarse, is mostly close to bedrock. Link-Belt dragline has 60-ft boom 
and 1.75-yd, hoav^-duty bucket. A. caterpillar tractor-bulldozer is used for grading. 
Washer is on wooden scow', 30 by 40 ft. with 3 additional steel pontoons; draft, 40 in. 
Estimated (S-shift) capac, 1 500 cu yd per day. Trtminu'l, 24 ft by 54 in, is in 2 equal 
sections; upper, unpunched, has spiral disintegrating flights; lower, ^/g-in holes. Six 
cross-sluices on each side arc 30 in wide by 12 ft long; total (Hungarian) riffled area, 
400 8(1 ft. A 6-in centrif pump circulates wash w'ater, pumped to the pond from a well 
through 15 000 ft of 8-in pipe against 500-ft head. Stacker is 70 ft long, with 24-ia belt. 
A ItiO-hp, 8-cyl Diesel supplies all power. Crew, 16 men, 3-8hift. Clean-ups daily. 


130. DRIFT MINING 

Drift mining is the exploitation of placers by underground methods. It was one of the early 
types of mining in C'aJif, reacliing its peak iietwc'cn 1870 and 1880; thereafter it declined and almost 
ceased (.'>7). Since 1033, due to higlicr price of gold, a revival of drift mining has occurred. 

Field of use is in mining rich puyatreuks of moderate thickness, where open-cut methods are 
impossible or would yield a smaller net return. Dirge boulders mu.Mt usually be blasted; if iiunieroiis, 
they may inerease cost to a point which is prohibitive Drift mining has been practiced chiefly in 
the aiuicnt buried channeLs in Calif, ttie buiied beach tilaccr.s at Nome, Alaska, and the deep leads 
of Australia (Art 117) Alaska creek gravels, where frozen, are often drifted, especially by smalt 
operators In early Calif and .\laska mining, many placers were drifted for rich streaks by miners 
with small capital, later the same deposits were profitably hydruulieked or dredged (385). Drift 
mining costs more than otieii-cut work, hence requires richer gravels to yield a profit. Ordinary 
thicknoas of gravel mined is 5 to 8 ft; up to 10 or 15 ft in rare cases, and down to 3 or 4 ft, which is 
about imnimum for economic work in flat openings. 

General plan. Tho methods of opening are the same as for other underground mining 
(Art 14-16), with emphasis on a mode of entry that will drain the workings and eliminate 
equipment and eost.s for hoisting and pumping. But tunnel or drift entries are limited 
to bench gravels or other elevated deposits like the old Calif channel.^. Details of i.atef.ai. 
DEVELOPUBNT (Fig 857-859) vary widely with loeal conditions. In general, a central 
haulagcway is driven fro/n the point of entry close to the long axis of the paystreak, 
and on or partly in bedrock; in CaHf and Victoria, this opening is sometimes entirely in 
bedrock and connected by chute-raises with the workings in the gravel above. Cross¬ 
cuts are driven from the centro! drift to the rim of the channel, or limits of the paystreak; 
auxiliary drifts also are driicn in wide deposits. These openings have both a mining 
and an exploratory function, latter often predominating in fixing the dimensions of the 
blocks of ground. MiNiNa is done by a form of longwall-retreating (Art 108), called 
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breasting”; advancing longwall has been used in a few cases. Ground is broken with 
picks where possible; by hand drilling and blasting where necessary. Frusen gravel 
is usually thawed before it is excavated; for exceptional case, see Idaho Mining Co, below. 
The roof of working places is temporarily supported by timber; posts and bead boards 
serve in firm, cemented, or frosen ground; spiling or forepoling may be necessary in loose 
gravel. Barrows are best for transport in small mines or under low roof; otherwise tracks 
are laid along the working faces and the grave! shoveled into cars. Tracks are shifted 
bodily after the face has advanced 6-8 ft. Equiimient for haulage, hoisting, and pump- 
ing is the same as in metal mines of similar area and output. 

Fig 867 typifies early work in Calif in widk deposits (456, 457). Main haulagoways H 
are 6 ft by 6 or 7 ft in the clear, often requiring heavy drift-sets and close lagging . Some 




Fig 857. Ijiyout of Wide Drift Fig 859. Layout of a Drift Mine in a Narrow 

Mtneg Cauf Paystreak 


of these mines covered large areas, making the maintenance of haulage openings a serious 
item. Crosscuts C and auxiliary drifts D are 5 by 6 ft or 6 by 6 ft, timbered and lagged in 
soft ground, but not in as permanent a manner as the main haulageway. Crosscuts C 
may be driven at an angle to the bedrock slope to secure the desired haulage gradient. 
Breasting begins at the ends of diifts D, and retreats towards the crosscut from which they 
were driven. Successive positions of the working faces are indicated by dotted lines S. 
Short breasts (Fig 857) allow partial control of roof press by regulating speed of advance 
and distance apart of working faces. In compact gravel requiring blasting, little care 
was taken to keep breasts "faeed-up” evenly; it was cheaper to break from the corners 
of blocks. Fig 858 shows breast timbering at the Hidden Treasure (457); it is the usual 
form for soft gravel. 

Fig 859 shows a layout for paystreaks 75 to 100 ft wide, typifying early work in Alaska; 
also that in nahrow paystreaks in Calif. Central drift D may connect with a shaft or 
an adit; it usually requires timbering 
even in frozen ground. Prospecting cross¬ 
cuts C are driven at intervals; in frozen 
ground they are generally untimbered. 

Breasting is carried the full width of the 
pay, retreating towards the i)oint of 
entry. Breasts arc timbered with sets 
in heavy g*cand, with posts and caps in 
moderately firm ground, or left unlim¬ 
bered in solidly frozen ground. 

Fig 860 shows an advancing method of 
breasting. It has been applied in Alaska 
and Calif to narrow, irregular deposits Fig 860. Advancing System (after Ellis) 
where straight haulage drifts, driven 

ahead of stoping, are not feasible. A gangway is kept open through the worked-out 
area by timbering with light 3-piece sets and tight lagging (459). 

Washing gravel. At mines opened by a drift or tunnel, cars are dumped at the portal 
into a bin feeding a sluice. Sluicing is rarely continuous; bin is flushed out periodically 
by a small giant working under low head. At shaft mines, gravel is usually hoisted 
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hi|^ enou^ above sorfaee to g^ve beadroom for duioes and tailings disposal. Gravel 
may be dumped directly bito a box (Fig 828) at head of an elevated duioe, or into a bin 
for intermittent sluicing. Latter plan is usual at small mines and where water is scanty 
or coaUy. Bins hold a day’s output; upper sluice boxes are cleaned up after each run; 
frequent dean-ups are advisable due to rdative richness of gravel. In' the far North, 



aluidng is impossible in winter; gravel is stacked on surface and sluiced in spring and 
summer. In Calif, tough cemented gravel is crushed in stamp mills fitted with coarse 
Bcreens, and then sluiced. Gravel containing much sticky clay may be passed through 
. trommels or puddled, before sluicing. 

Stitface plaut at Alaskan drift mines is marked by wide use of inclined cableways, the 
bucket of which descends into the shaft (Fig 861). For winter work, the structure shown 



Supporting dump over elnice by Supporting dump by poets set 

crlUlns^to that eettllng will not In boles thawed in muck 

aSeet sluioo 

Fig 862. Methods of Protecting 81uioe under Winter Dumps (after ElUs) 


for supporting the dumpbox is replaced by a sluice, built near the ground, and supported 
as in Fig 862. The carrier dumps in a conical pile over the sluice; hence, much of thiO 
winter dump can be fed tr the sluice by gravity assisted by nossle water in the spring. 


Examples of drift mining. 

CaUfomia, earlt work (to 1G9C). Cost of 6 by 7-ft main haulageways in bard 
gravel, requiring blasting, $4-^7 per ft; smaller crosscuts and drifta, $3-$5. In ground 
lam difficult to drill, and in picking ground requiring timbering, main tunnels cost $3-$4 
per ft; auxilitu-y openings, $i.75-$3. Table 144 shows effect of local oonditiona on ooete 
at 4 typical minea (456, 460). 
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TaU* 144. CaUlonia Drift Mine* Operating about 1888 to 1880 (Brown) 



Hidden 

Treasure 

May 

Flower 

1 Paragon 

1 

Red Point 

Character of pay gravel. 

Lo 

He 

He 

Me 

Aver width breasted, ft. 

250 

75 

50 

120 

Depth of gravel breaeted, ft. 

4-7 

2-14 

2-7 

2-12 

Broken gravd'Ieft in mine, % (h). 

25 

35 

25 

30 

Length of ohannd worked, ft. 

7 700 

3 900 

5 400 

2 300 

Length yielding pay, %. 

100 

66 

66 

66 

Aver grade of ohanndi, ft per mile. 

70 

60 

.... 

75 

Method of breaking ground. 

Pe 

Db 

Dh 

Dh 

Method of treating gravel. 

51 

Mi 

Mi 

81 

Aver output per 24 hr, ton. 

275 

130 

30 

iOO 



Timbermen and rock-pilers. 

12 


■mi 




Miners in tunnels and gangways. 

12 

mm 


7 

s 


Miners in breasts...I 

86 



28 








Total men, surface and underground (6). 

120 



50 


Aver wages per man-day. 

$2.15 

mSm 

KSh 

$2.40 


1 

Duty in breasting, tons per man-day (c). 

3.20 

mam 

ilisl 

3,57 

■g 


Number of stamps. 


20 

10 

JUPPHI 

B u 

- 3 


Tons milled per stamp per 24 hr. 


6.5 

6.0 

BHMfl 

n’0 


WafeAr pur trtn fpravel. Gu ft. 


325 

325 

175 

•iii 


Cost of milling: water power (d) . 


$0.25 


1“ 


steam power (d). 

. i 

$0.35 

$0 50 


Aver total cost, mining and nulling (e).j 

$».I0(/) 

$3.25 

$3 25 

$2.00 

Aver gross yield per ton gravel (t) . 1 

$1.75 

$7 00 

$10.00 

$2.50 


Lo S' loose. He •• bard cemented. Me •• medium cemented. Pe ■■ picking and caving. 
Dh — drilling and blasting. SI sluicing. Mi <= milling, (b) Includes surface and underground 
labor, but not management, (e) Tons of pay-gravel per man-day computed from table, (d) Per 
ton. (e) Aver cost of labor and supplies for nuning and milling (or sluicing) per ton gravel delivered 
during active operations on aver gravel breast, not including management, improvements, additions 
to plant, nor dead-work during periods of non-production. See (/). (f) Includes management, 

(g) Pay-gravel delivered at surface. (A) Large stones thrown back from lace. 


Vallecito-Western mine, Angels Camp, Cal. Data from C. E. Julihn and F. W. Horton 
(57) in 1038. A segment of (Central Hill channel, 40-150 ft wide, aver 6 ft (max, 14 ft) 
deep, is opened by a 153-ft vert 
shaft and bedrock tunnel extending 
4 300 ft upstream. An abrupt rise 
of 5 ft occurs in bedrock 3(X) ft from 
shaft, beyond which the tunnel, 
after following bedrock grade of 
1.25% for about 2 300 ft, gradually 
works into and under the bedrock, 
which thereafter rises at a slightly 
steeper grade. The downstream 
portion, within about 1 700 ft of 
shaft, and while tunnel was still on 
bedrock grade, was mined from 2 
parallel drifts, one on each rim of 
channel, connected by crosscuts 100-150-ft apart. Breasting method (Fig 863) was 
applied to one 240-ft block in 1932; for details, see Bib (461, 18). 

Following notes from Bib (57) relate to subsequent work (1033-36) upstream. Where gravd 
lay above timnel, it was attacked through raises spaced according to the vol of gravel accessible to 
them; where channel was 100-150 ft wide, spacing might be 50 ft, increasing to 125 ft in narrow parts. 
Qravel, not cemented but requiring blasting, was well rounded and heavy, with many boulders, some 
6-10 ft diam; of ground mined, about 30% consisted of boulders left underground. Gold was coarse 
(00% on 20-mesh, with frequent nuggets up to 0.5 oi) and 75% of it was within a foot of bedrock, of 
which 1 or 2 ft was usually taken up. Qravel was mined by breaeting across full width of channel. 
Two rows of 6-ft boles, spaced 4 ft horia, one row 1.5 ft, other 3.5-4 ft, above bedrock, each bcdo- 
loaded with 3-4 aticks of 40% dynamite, broke to height of 5 ft; another row gave added height, if 
wanted. Posts 10-12 ft apart, with headboarda, were ail the roof support usually required. Broken 
gravel loaded into wheelbarrows, dumped down nearest raise, discharged into 1-ton cars, hauled in 
4-oar trains by storage-battery loco to transfer dump 300 ft from shaft, loaded into other cars, and 
trammed by hand to 1.6-ton skip in abaft. Waste, of deep bedrock cuttings and boulders for which 
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BtoTkga space was temporarily lacking, amounted to 31% of all material hmsted. Headframe bin 
disohorged directly into 2-ft sluice 12 ft long, with only enough water to move 4 to 5-in stones; ior^r 
ones were picked ot^t by hand: this sluice recovered 50-60% of the gold. Discharge from duice 
passed into a disintegrator-trommel yidding plus 1.5-in (to dump), 1.5-0.3 in, and minus 0.5-in sises; 
2 latter were washed separately on sluices 12 in wide, at 4% grade, riffled with flat iron cross-bars, 2 
in wide, sloping 45” upstream. In Aug, 1936, 25 men on 3 shifts mined and washed 80 tons per day. 
During 45 mos, ending Aug 31, 1936, hoisting 40 967 tons of grave! and 18 102 tons of waste, direct 
mining and washing cost was $4 58 per tun of gravel; indirect and marketing, 80.51; total 85.09. 
Recovered value, 85.68 per ton of gravel. 

Cglayeras Central mine, Angela Camp, Calif. Data from Julihn and Horton (57) in 
1938. Company said to control 3.5 miles along the Tertiary Central Hill channel, and 

has developed 3 roughly parallel 
paystreaks of different ages (others 
known in reserve), lying on slate or 
schist bedrock and buried to depth 
of 250-350 ft by alternating beds of 
gravel and tuffs. Pay gravel is nor¬ 
mally limited to 3-4 ft above bed¬ 
rock (21 ft in one case) and 1-3 ft 
of the latter is usually taken up. 
Gravel is coarse, well rounded, and 
tightly cemented; boulders numer¬ 
ous; gold mainly coarse (over 10- 
moih), associated with considerable 
pyrite and a little Mack sand. 
One paystroak (mainly worked in 
1932-33) was 50-70 wide; other 2, 
150-200 ft wide, of which only one 
was actively worked in 19^-3fi. 
Aver recovery from 138 760 tons of 
gravel and bedrock washed in 4.5 
yr, $4.94 per tor, incl some low- 
grade gravel moved in exploration; 
1935 aver, $5.17 per ton washed. 
Development is through 3-compt 
vert shaft 360 ft deep, and a cross¬ 
cut tunnel in bedrock passing under¬ 
neath the 2 channels now mainly 
developed; another 240-ft shaft 
affords ventilation. 

Drifts up and down stream from 
tunnel follow the 2 principal ohanncb, 
developed (1936) for a total length of 
4 000 ft, with about 30 000 ft of work- 
pi 3 P ings. Haulage drifts, 7 by 7 ft, on 1% 

grade, are advanced about 6 ft per shift 
by 2 men, drilling with light drifters, 
shooting 8-10 boles with light charges 
of 40% dynamite, and loading 2-ton care 
with Eimco-Finlay loaders. Use of a 
“car derrick” facilitates movement of 
oars at face without switches or side 
tracks. Fig 864 shows one method of 
mining. Here the haulageway is be¬ 
neath the rim of the channel. Parallel 
headings H, 7 by 7 ft, are advanced like 
bedrock drifts; breakthroughs J divide 
the long pillais into square blocks: 

Fig 864. Room-and-pillai Drift Mining, Calaveras nearly all material from these opera- 
Centn i .Mine. tions is loaded by Eimco-Finlay loader. 

Most pillars are recovered on retreat. 
For longwmll work, as at K, the sar.e type of loader is employed by shifting the track close 
to the wail before blasting, so that mc- t gravel will be thrown onto the track in better position for the 
loader. Caterpillar-mounted Nordberg-Butler shovel has also been used oitb advantage where a 
train of oars can be placed near the gravel ]xle. All gravel is loaded, inoluding boulders (except a 
few of the largest, and these are not piled) since the cost of piling by hand exceeds that of loading, 
trwcnming, and hoisting them. Boulders too large for the loaders are sledged or bulldosed. Enough 
bidrook ie taken up and treated as gravel to insure recovery of gold in its erevioes. Drag serapers 
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hkve been need ezperlmentnQy, lo&dinc into can through a hde in a raised platfotoi. Under favor¬ 
able conditions (a large area id well drained and previoi^ly broken or caved gravel) scrapers srere 
espeoted to advantageous for handling low-grade gravel, provided haulage, hoisting, and washing 
facilities were adequate for the enlarged output. Trains of 4-6 2-ton cars are hauM by storage- 
battery locos to shaft pocket, loading into balanced 2 5-ton skips which dump into mill bin. 'Waste 
from bedrock drifts, 25-30% of all material hoisted, is handled similarly, but discarded at surface by 
a 200-lt stacker belt. Mine water, 150 000 gal per day, pumped by 50-hp turbine from shaft to 
a tank above the mill, supplies an ample quantity for washing. Costs. During 1033-34, gross out¬ 
put (gravel 75%, waste 25%) was 83 410 tons (aver, 114 tons per day) at cost of $1.80 per ton for 
mining and washing, excl depree, depletion, and general overhead. Costs per ton varied inversely 
with monthly output, from $1.40 on 6 507 tons (200 tons per day) to $3.04 on 1 271 tons (41 tons per 
day). These costs, largely the result of mechanisation, compare favorably with those of earlier 
years when abundant cheap labor was available. 

Dakota mine, Rivulet, Mont. Data from E. D. Gardner and C. H. Johnson in 1935 
(18). Deposit was only ^20 ft wide, under 80-ft rover; 7 ft of gravel was mined, of which 
much was boulders. An adit was started in the face of old hydraulic workings and driven 
150 ft through previously drifted ground to reach virgin gravel. Thereafter face waa 
advanced full width of deposit, wi+h round-timber sets, 4 ft c-c. Caps, 12-15-in diam, 
were usually 10-14 ft long, dependiiig on width of channel; min width of 10 ft was required 
to stack boulders; posts, 9-12 in; girts, 6 in. Top lagging, 4.5 ft long, of split poles, waa 
driven ahead as ground was picked out. All rock over size of man's 6st was stacked on 
■ides of opening, except large boulders for which there was no room; boulders too large 
to handle wore bloekholed. Dry walls, built on each side of 18-in gage track, left only 
enough room for passage of an 8-cu ft car, 3 ft wide. Two men worked on each of 2 
eliifts, mining and washing 30 cu ft (1.7 tons) per man-shift. Labor cost (@ $4 per shiR), 
$2.35 per ton; total cost, incl supplies, about $2.60 per ton of material trammed. 

Alaska. 'Wimmler (188), in 1927, stated that drift mining hod then become practically obsolete 
at Nome and elsewhere in Alaska, except in the Yukon-Tenana valley and a few other interior dis¬ 
tricts. Formerly, a large drift mine would employ 30-.50 shoveler.^ and elean 100 000-200 000 sq ft 
of bedrock in a season; by 1927 there were le.ss than a dosen mines employing as many as 15-20 men 
and cleaning 50 000 sq ft; but at numerous places 2- 0 men, with old and inefficient equipment and 
working 1 shift, were cleaning 10 000-30 000 sq ft of bedrock per season. Most drift mining in 
Alaska has been in permanently froxen gravel, at depths of 25-200 ft. They are developed through 
shafts, usually 7 by 7 ft, which can be sunk by 2 men at 5-8 ft per shift, after thawing; thawed muck 
can be bailed out. Cost, if little or no timber, $<>-$12 per ft; if close cribbed with round timber, 
with a framed set at bottom, $10-$20 per ft; some deep shafts in bad ground, $25 or more per 
ft. (For thawing, see Art 131). Aver duty per man picking, shoveling, and wheeling 200-300 ft 
from working places to shaft, 75-125 barrow loads in 8 hr; equivalent to 20-40 sq ft of bedrock under¬ 
lying 5-6 ft of gravel; aver, 25 sq ft (.5 cu yd). Cost is often stated on basis of bedrock area cleaned. 
During chief activity at Fairbanks, some costs were 4()(! iier sq ft; a few at Nome, only 25f, usual 
costs at Fairbanks in 1927 were 60^-$l per bi| ft; aver about 75f. In Tolovana dist, .50f-75|i; 32^ at 
one specially favored mine. In Huhy ilistr (1922), where channels are narrow fnbout 75 ft) and 
other conditions adverse, 00^-$1 25, aver 85*“ per sq ft or $5 per cu yd, of which 4.5f per cu yd was for 
thawing and 35^ for sluicing. Central Alaska und tlie Yukon are. essentially high-cost regions due 
to high wages, scanty supply and high prices of many supplies (iiicl large transp costs), and short 
working season of 3-5 inos. Most mines pay W'agtis plus board; general labor in 192() ranged from 
$6.50 in larger and more accessible distriuts to $12 at more remote; board cost $l-$4 per day. Some 
minee paid a bonus of 50$ per shift to men wlio stayed during a whole season. Old system of lower 
wages in winter was not in effect in 1026. Underground mines usually worked 2 8-hr shifts. 

Nome, Alaska; data by A. Gibson, 1914 (454, 462». Table 145 shows data for 5 successful 
drift mines in froson gravel. All thawing was done duiing night shift; mining, in day shift only. 
Water for sluicing was pumped by independent distillate engines; mines No 2 and 3 were under same 
management with a common pumping plant; head on punqis about twice that at mines No 4 and 5. 
Other conditions aflecting costs were as follows. Mine No 1: All mining done in winter; 1.5 ft of 
bedrock mined. As much as possible of tlie winter dump (6 520 cu yd) was hydraulickcd into 
sluices, the rest shoveled in; sluice tailing was removed with hojse scrapers. Water was pumped 
day and night for 18 days in larger amounts than necessary. Mines No 2 and 3; All summer work; 
1.25 ft of bedrock was mined. Gravel was dumped into bins and sluiced intermittently (about once 
a day). Mine No 4: Preparatory work waa done in early spring: all mining and sluicing in the 
summer; 1.5 ft of bedrock was mined. Gravel was handled on the surface as at No 3. Mine No 5: 
Spring and summer work oa in No 4. Pay-gravel averaged 2 in above, and 2 ft in, bedrock. Gravel 
was dumped into a mud-box; sluicing was continuous, hence pumping was continuous on day shift. 
The bedrock in No 1, 2, 3, and 4 was mica schist; at No .5, black slate. The waste or overburden at 
No 1, 2, and 3 was coarse sand; at No 4, sand and clay; at No 5, light gravel or sand. 

Wild Goose mine, Nome, Alaska. E. E. Fleming (681) describes a system of caving in blocks 
employed in 1905, after typical Calif method (as at Hidden Treasure) bad proved dangerous from 
caving, and costly, from loss of all timber (@ $60 per M, plus frt from Nome). Channel was 80-110 
ft wi^ and nearly straight: mining took out 1.5-2 ft of mica-schist bedrock and 2 ft of gravel, 
unfrosen and loose. From shafts 69^140 ft deep, usually 40 ft and never less than 25 ft outside of 
deeper edge of channel, crosscuts were driven to about center line of channel, and turned both ways 
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Table 149. Date on Drift Mining, Home, Alaaka, in 1914 (Gibson) 



Mine No . 

2 _ 

2 

3 

4 

5 


Depth of shaft, ft. 

53 

81 

■Rl 

45 

50 

1 

Thickness of pay-gravd, ft. 

2.5 

2.5 


3.5 

2.186 


Thickness of waste, ft. 

1.5 

2 


1.5 

2.333 


Total height mined, ft. 

4 

4.5 


5 

4.5 

•3 

Total boiler hp. 

45 

70 

1 

35 

50 

96 

Thawed per day, eu yd. 

128 

205 


128.6 

327.1 

1 

Pay-gravel hoisted per day, cu yd • 

80 

114 


90 

157.5 

a 

Capac of bucket, cu ft (a) . 

18 

16 

^■1 

13.5 

13.5 

O 

O 

Aver number of buckets hoisted per 







day . 

120 

192.4 

161 

180 

315 

fli 

Length of steam points, ft . 

7 

7 


6 

7 

1 

Number of steam points. 

40 

90 


25 

46 


Steaming time, hr . 

9 

12 


8 

II 

1 

Hp per steam point . 

1.12 



1.4 

1.08 


Depth thawed, ft. 

8 


9 

7.5 

7.5 



1 


2 


2.5 

H 

Duty, eu yd * per point per day... 

3.2 

HI 

2.85 

5.14 

7.11 


For thawing, gal per day. 

168 

166 

168 

84 

210 


For hoisting, gal per day. 

52.5 

42 

42 

31.5 

52.5 

? 

Per cu yd * thawed, gal. 

1.3123 

0.8195 

0.6537 

0.6533 

0.6419 

m 

Per eu yd * hoisted, gal. 

0.656 

0.368 

0.294 

0.35 

0.333 

1 

Total gal per eu yd * of pay gravel. 

2.756 

1.842 

1.469 

1.283 

1.667 

6 

Distillate per day, pumping sluicing 







water, gal. 

132.8 

30 

30 

14 

18 


Distillate per cu yd * sluiced, gal... 

2 73 

3.80 

4.77 

6.43 

8.75 


Crude oil per bbl at mine. 

$2.97 

$3.30 

$3.30 

$2.90 

$2.71 


Distillate per gal at mine, i . 

24.25 

25.17 

25.17 

25.5 

25.83 


Thawing: pointmen. 

3 

3 

■■■ 

mm 

2 

s 

fireman. 

1 

1 



1 

s 

Mining: manager. 

1 

1/2 



1 

*3 

foreman. 

1 

1 



1 


engiaeer. 

1 

1 



1 

J 

laborers. 

16 

17 


'HHI 

20 

B 


if) 

V2 



t 

9 

laborer. 

if) 

1 

■■ 

■HHri 



Total per day. 


25 

26 

16 

27 


Duty of labor (cu yd • per man-day) 





mm 


Thawing waste and pay-giavel (b) 

32.0 


51.40 

42.85 



Mining waste and pay-gravel (e). 

7.11 

mmlm 

13.53 

11.69 

■to 


Mining pay-gravel only (d) . 

4.44 

■Ell 

7.53 

8.18 

■mS 


Sluicing pay-gravel (sluicing labor) 

18.11 

76.0 

95.33 




Thawing, mining and sluicing (e) 


4 65 

5.61 

■m 

■qo 


* Loose grevel, not piece meiuiure. (a) bucket of self-dumpinK cableway (Fig 861). (6) Point- 
men and fireman. (c) Foreman, engineer and laborers. Duty, laborers only, 8,12.06, 15.12, 14.28 
and 16.36, respectively, for the 5 mines, (d) Foreman, engineer and laborers. Duty, laborers 
only, 5,6.7,8.41,10, and 7.87 cu yd, respectively, (e) All labor but manager included. (/) 10 men 
employed per day while upper part of winter dump was being sluiced; 21 men per day during time 
it was necessary to shovel-in. 


into drifts 300 ft long; a crosscut both ways from end of each drift then divided the channel into sec¬ 
tions 600 ft long, beginning at outer ends of most remote crosscuts, blocks never more than 10 ft 
square were extracted as in Fig 865, using 8 by 8-in posts at 3 ft c-c, with 3 by 12-in headboards; no 
headboard was permitted to rest on 2 posts. Runs of gravel from sides were stopped by temporary 
lagging. When No 1 block was finished and floor cleaned, its 2 gravel faces were close lagged behind 
poets with 2 by 6-in plank, and all other posts were pulled out; roof usually caved at once, filling 
block solidly. Block No 2 was then worked back towards No 1, the intervening posts and lagging 
being drawn before pulling posts in No 2. Successive blocks were mined in the order indicated. A 
second crosscut had meanwhile been driven 20 ft back, and its 10-ft blocks were removed in same 
way. This system provided 4 working places at a time, besidee oroseeut headings, tributary to 
shaft, keeping hoist busy. Loss of timber in one 600-ft section, full width of channel, was only S 000 
bd ft; shaft timbers were recovered when walls frose in winter. 

Fairbaaks, Alaska; data from J. F. Newsoia; see also Bib (400). 80% of productive depoaita 
are at depths of 40-260ft; all lie in valley bottoms with flat gradients; most of them solidly frosan. 
Transport difficult and water supply meager. Wwk oovwed by Table 146 was done prior to 1900. 
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Utfbo Miaiac Ca, on Little Eldorado Cr, Fairbanks, Alaska, made sucoessful use of wet 
jaokhammera for working solidly frosen gravel at 165-ft depth (188); mining took 3A 
ft of gravel and l.SJt 
of b^rock. Gravel 
was tight, containing 
numerous large and 
bard boulders, but only 
about 5% of ice. Drill¬ 
ing was applied first 
to holes for “sweater” 
pipm (Art 131); 1 man 
could drill 209-ft holes 
and put in their sweat¬ 
ers in 8 hr, at cost of 
65^ per hole, whereas 
(under previous meth¬ 
od of point thawing) 

2 men could set only 
4-6 points in 8 hr, due 
to difficult driving. 

Thawing for 40-45 hr 
under steam and 24 hr standing usually reached 18 in beyond end of pipe, or 40 sq ft per 

sweater. The Co next used drills for blasting un¬ 
thawed gravel, following typical Calif system of breast¬ 
ing from crosscuts, which (as also the drifts) required 
no timbering. A man could drill and shoot 150 ft of 
holes per shift, breaking 100 eq ft or 17 cu yd; cost for 
explosives (0.4 lb per sq ft) was OOft per cu yd. Broken 
gravel was dragged from faces by 12-cu ft bottomless 
scraper and loaded into cars. Exceptionally small pro¬ 
portion of ice in t^iis gravel made thawing before sluic¬ 
ing unnecessary. 

\^ctoria " deep leads,” Australia, are old river chan¬ 
nels under 250-400 ft of alluvium, frequently capped 
with basalt flows, and sometimes as much as 2 000 ft 
above level of present streams. Workable gravel, not 
always in deepest part of channel, is up to 15 ft (aver 
3 ft) thick; gold mainly confined to lower 1-1.6 ft of 
gravel and upper 0.5-1 ft of bedrock, usually kaolinixed; 
bedrock gradient, 20-40 ft per mile. Drainaoe of chan¬ 
nel is first requisite and development is planned accord¬ 
ingly. Shafts are usually in b^rock at side of lead, to 
avoid costly sinking through loose, wet sand (Fig 806). 
From shaft bottom, 80-100 ft below channel, a ‘‘main 
Feel reef” crosscut C is driven under the lead. From a point 

Fig 866. Block System, Wild under the middle or deepest part of the lead, drifts D, 

Goose Mine ' called “main reef drives,” are driven in both direc¬ 

tions under center line of channel; they are on an 
up grade, for drainage and haulage. Main reef drive D is usually timbered with 12-in 



^ump am] pumps ^ Main reef drive 

Cross-Sec 

Fg 866. General Scheme of Development, Victoria Deep Leads 


round timber; caps 5.5 ft long; posts, 8.5 ft. At 50-ft intervals along drift D, holes are 
drilled upward into the water-laden, gravel. Later, usually at 300-ft intervals, raises 




Table 146. Drift Mining, Fairbanln. Alaska (J. F. Newsom) 
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are put up to finidi drainage and to eerve as orepaasee and manways; complete drainage 
may require 3-5 years, pumping 2-6 million gal per day. Fig 867 shows usual otvmsiop- 
MENT in “wash*' (grav^), cutting area into rectangular blocks, drifts and crosscuts being 
advanced by spiling. Posts in "main wash drive" E are 7 ft Itnag; caps, 4-5 ft. In 
"trucking drives’* F, posts are 5.5 ft long; caps, 3-4 ft. Mining in 1935. ITwo methods 
used: (a) "blocking," (5) “paneling.” Blocking method is adopted where wash is 
very loose, with large boulders, or where thickness of pay gravel is over 4 ft. Develop- 



Fig 867. Development and Mining of Victoria Deep Leads by Block System 


ment divides wasli into strips 40 ft wide (P'ig 867); distance between crosscuts, usually 
300 ft. Midway between crosscuts, “blocking drive" (J is driven 20 ft at right-angles 
to length of strip. At same time, a similar drive is put in from trucking drive on other 
side of strip, the two holing at the center. Drives G arc timlwred with S to 9-ft caps on 
3.6 to 4-ft posts (G in round). Spiling "laths,” 8 by 2 in, are driven ahead, gravel is 
dug out, and next set erected; sets arc at 4 to 5-ft intervals. Floor of G is at about same 
elev as that of F. Gravel is shoveled into cars and dumped into nearest raise. On com¬ 
pleting one blocking drive, anotlier is 
started alongside, working successively 
toward the wash crosscuts at both ends of 
strips, as indicated by numbers in Fig 8G7. 
No timber is salvaged from the workings, 
which soon cave. Paneling is employed 
where gravel is finer or where gold is 
confined to bottom 2 or 3 ft of wash. 
Principle is same as in blocking, but 
Fig 868, Paneling, Victoria Deep Leads trucking drives are 32 ft apart (instead 

of 40) and “panel drives" are 4.5 ft w','do 
(instead of 9 ft). Panels are closely timbered with 8 by 2-in caps, 4.5 ft long, supported 
by props of 2.5 to 3.5-in split timber (Fig 868). Gravel is slioveled back to mouth of 
panel drive and into car in trucking drive. On “main reef" level, elec locos are cus¬ 
tomary. Ventilation is important in deep-lead mining, as foul gases tend to exude 
from the gravels (628, 682, 683). 



131. THAWING FROZEN GRAVEL 

General. In Alaska, Yukon and Siberia, the earth or muck overlying most plaoer 
deposits, and usually the gra'.el itself and underlying bedrock, are permanently frozen. 
Such ground gives little trouble in deposits that can be hydraulicked; the muck is thawed 
by allowing water to run over the surface; frozen ridges left between channels thus formed 
thaw naturally, or may be thawed and stripped more quickly with giants. When a pit 
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has been opened, bank and giant water aid in thawing gravel faces and new surfaces 
are ccuutantly exposed to solar heat. In drift mining (Art 130) no stripping is necessary, 
but the paystreak .must be thawed. In dredging (Art 128} ^e muck must be thaw^ 
and stripped and the entire gravel bank thawed. Adeqriate (not necessarily perfect) 
thawing is essential for successful dredging (436) to save excessive wear on machinery, 
permit effic digging, and to avoid loss of gold encased in frosen lumps rejected by the 
screen. While most gravel can be sufficiently thawed in a short time to permit dredging, 
it is best to allow thawed ground to stand several months, during which small isolated 
frosen patches may continue to thaw. 

Thawing methods were developed in drift mining. Early ehaft sinking and drifting in Alaska 
and elsewhere were done with wood fires and hot atones; these are still used by prospectors, but boilers 
light enough to be carried by 1 or 2 men are now obtainable, and permit steam thawing for praepeet~ 
ing and exploration in remote districts (386, 390, 408, 455). titeam-thawing, introduced about 
1808, developed rapidly; steam is carried into gravel through pipes terminating in a bit or “point" 
(Fig 870); the method was soon applied to thawing frozen ground ahead of dredges. Numerous 
experiments have l>eeu made with hot water instead of steam, but with indifferent success; C. Janin 
in 1022 traced the development of tha t ing methods, and summarised available data in Bib (620). 
Since 1917 cold water has largely replaced steam fur thawing dredging ground. 

Physical properties of frozen gravel (Tabic 147). Extensive tests in 1912 by H. M. 
Payne, on permanently frozen gravel m the Klondike, gave following results; temp (F) 
of Ijcdrock, 2“-14‘’: of 
giavcl, 17®-22°; of black 
muck, 17°-24“; of sandy 
muck, 19° - 24°. Mean 
temp of frozen ground de¬ 
pends solely on the kind of 
material and not on its 
depth, depth of frost line 
or water level, nor on pres¬ 
ence or absence of muck 
overburden. A. Gibson 
states that the temp of 
perpetually frozen ground 
on Seward Peninsula is 
about 2S° F. e.\cept when 
near thawed ground; he 
estimates the sp heat of 
gravel at 0 2. Nearly oil 
the heat iiHinired to thaw frozen ground is that needed for converting ice into water; 
hence percentage of ioc in gravel should Ijc determined m estimating probable fuel or 
water requi'ements (464, 451, 629). 

Comparison of thawing media. Experiments by .1. H. Miles, of Alaska Mines Corp’n, 
in 1017-1918 at Nome, in thawing deep dredging ground with steam, hot water and cold 
water, are described by W. S. Weeks (644) as follows: 


Table 147. Physical Properties of Frozen Material (393) 


Aver of tests on 46 samples 

Black, 

sandy 

muck 

Gravel 
and sand 

Bed-rock 

.''<p gravity, frozen. 

Kp gravity, thawed and dry... . 
Sp heat, frozen. 

% ice, frozen ground | 

% solids, frozen ground | ^ 

% voids, froze.). 

% voids, thawed. 

Lb ICC per cu ft frozen ground. 
Lb solids " " ■■ “ 

1.401 

2.411 

0.196 
68.2 

44.7 

31.6 

55.3 

0 0 

6.1 

39,11 

48.39 

2 189 
2.691 

0 172 

29.1 

16.0 

70.9 

84 0 

1.28 

3 97 
22.00 

115 50 

2.590 

2.655 

0.183 

9.6 

4.26 

90.4 

95.74 

0.0 

1.65 

6 96 
154.94 


Muck* 

Mock and sand' 
Quicksand' 

Sand, some fine gravel»-fy^:J 

Sandy clay and grave)"] 

Sandy clay and J 
medium size graved 
Bedrock'*' 



Fig SCO. Comporiaon of Thawing Media 


Depth of ground, approx 42 ft; character is shown in Fig 860. Thaw.v were made with super¬ 
heated steam, saturated steam, hot water and cold water; in each case the thawing agent was intro¬ 
duced at bottom of a churn-drill hole In following winter, when surface water was frosen, shafts 
were sunk on these holes and the thawed volumes computed. Fig 869 shows cross-sec of a thaw of 
each type. Results (Table 148) show relatively high utilization of heat avaulable for thawing with 
cold water and very low utilization for steam and warm water. Tests with superheated steam 
indicated that moat of its heat was expended in heating a relatively quiet pool of water around the 
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TaU* 148. Teiti OB Thantac Modi«, AUika Miaoo Coip’a. 
Ifoino. 1917 (644) 



Super¬ 

heated 

ateam 

Satu¬ 

rated 

steam 

Warm 

water 

Cold 

water 

(«) 

Length of test, hr. 

156 

98 

67 

192 

Oil burned, gal per hr. 

Temp of steam or water at 

11.25 

9 

6.04 


pointe, deg F. 

590 

250 

105 

52 

Temp of vmter at surface... 

140 

104 

70 

(e) 

Volume thawed, ou yd. 

109 

83 

81 

511 

Rate of thawing, cu yd per hr. 

0.7 

0.85 

1.21 

2.66 

Effio of heat utilisation, % (i, 

3 8 

5.60 

12.30 

57.40 


(a) 20 gfl per min supplied under 40-ft head, (b) Computed for 
steam and not-water testa as; (heat units required to melt the ice in 
the gravel (about 10% of its wt)] -(■ (beat units in fuel burned X b0% 
boiw eflSoj. In oola*water test, the divisor in the above ratio was 
taken as tne heat units available in the vol of water used, betwran 
62° F, the temp of entering water, and 32° F, (c) Temp of outgoing 
water varied during test; at end of 102 hr it was 36° F (644). 


pipe. Abo, ateam failed to 
penetrate oiay laywa appre> 
dably, while clay did not 
impede action of cold water. 
Hot water gave uniform 
thawing, but waa ineffie; 
this test was shorter than 
the others and its reauHs 
are not strictly comparable. 
Miles obtained a patent 
(U S. No 1 339 036} in 1620 
on his cold-water thawing 
method. Alaeka Minaa 
Corp’n made further teste 
with cold water on a work¬ 
ing scale in 1619 and adopted 
the method; in 1920 this 
Co thawed 88 807 ou yd of 
frosen ground with cold 
water, at aver cost of 11.5^ 
per ou yd (629). 


Stegfli points. Fig 870 showe typical head and tips. Stkam thawing in obiftinq 
(Art 130). The point is pressed firmly against the face, and steam turned on.^ In a 
few minutes, the point begins to sink into the face; it is gradually worked in to its full 
length, being alternately rotated, driven with a hammer, and allowed to stand. Points 
can not be driven faster than the gravel thaws ahead of them; heavy blows are avoided, 

except where required by tight 


£ 


Mwiir 


W«M 


^ Hsllw SiiII-iImI (iwiad) 

steam point 



ground, 

point. 


as they may injure the 


H. T. Ellis gives fallowing data at 
Fairbanks in 1916 (456). Diamond or 
square bit (a), Fig 870, is lued in easy- 
driving ground, where stones can be 
pushed aside. Chisel bit ( 6 ) is for hard 
driving, requiring actual drilling; a 
cross-bit (as for rock-drills) is used 
where chisel bit is hard to turn. Steam 
points are 8 , 10 , 12 , 16 and 20 ft long 
(some 5-7-ft points are also needed); 8 -ft 
is commonest; deep holes start with short 
points. For thawing breasta, the poipta 
are driven near bottom of face and 





UoM eliimp 

Fig 871. 


HOm 


Sweater 


fif/ 


spaced 2-4 ft apart across it (Fig 860), There are 2 modes: (a) Enough points are driven to thaw 
required length of face; steam is usually kept on 6-10 hr; points then withdrawn and gravel allowed 
to “sweat” before being picked down, (b) Only 1 point is used on a face; after driving it home, it is 
withdrawn and replaced by a “sweater” of I /4 or B/g-in pipe (Fig 871). Before turning on eteani, 
the pipe is plugged in collar of bole with gunny sacking. This is repeated for holes over the entire 
face. Flan (b) is replacing (a) ; sweaters cost much less tlian steam points and obstruct shuveiers less 
if gravel settlm during thawing and prevents withdrawing the sweaters. In easy ground, 2 men work¬ 
ing separately can drive more points than 2 working together; but they usually work in pairs, one 
striking, vdiile the other rotates the point. Depending on character of gravel, 1-6 pointmen can 
thaw gravel for 16 shovelers. ‘It Nome good pointmen, working under plan (o), often drove 20 5-ft 
points in 10 hr. 

Steam is distributed in uncovered B/i. In pipes, carried on posts of haulageway sets and laid on the 
breast 9oor about 10 ft back from face Points and sweaters are connected by crossheads (Fig 872). 
Ordinary press, 90-100 lb. Thawing time varies with depth of thaw, spacing of points, character of 
gravel and effective steam press. Ellis says ttsat at Fairbanks a 5-ft paystreak of loose gravel, rela¬ 
tively free from clay or sediment, can sometimes be thawed to depth of 9 ft in 10 hr, using 8 -ft points 
under 100-lb press. W. H. Sirdevan states that at Nome a 6 -ft point, thawing for 6-10 hr under 
90-100 lb press and followed by a sweating period (without steam) of about 20 hr, will thaw a block 
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of growl 6 ft long by 3 ft wide by 3-4 ft higb. or 2-2.6 ou yd. In drifting in Klondikoi 6-ft pointe 
ever 3.75 on yd per 10 hr (408). BoinES capac variM locally, but ia about 1 bbp per point. When 
drift mining on Third Beach at Nome was at its height, the bhp per point wae 1-2, aver 1.6; atten¬ 
tion to detail roduoed this figure. See Art 130, and Bib (300, 408, 451, 455, 454, 620). 

Steam-thawing dredging ground. Steam points are driven vertioally to bedrock, advancing 
as fast as thawing ahead of point will permit. Methods of Yukon Gold Co, deaoribed by Perry in 
1015 and McCarthy in 1014 (451), illustrate good practice 
at that time. Points, as in Fig 870, were of extra heavy 
pipe 0.75-1 in diam; driving head was drop-forged; tips, of 
tool steel, had VlS'io discharge opening. Points, set in 
holes made with crowbars to frost line, were alternately 
struck with a 4-lb hammer, rotated and allowed to stand. 

Boulders were drilled by a cutting bit on the point, or by 
withdrawing the point and using a jumper. Aver rate of 
thawing, about 2 ft per hr; points were driven as deep as 
40 ft; points had to be driven 4-C ft into bedrock; then 
allowed to steam 12-48 hr. Boiler plants comprised 2 or 3 
loco'type 150>hp boilers; the aim was to carry 25-lb press 
at the points; fuel, wood. Steam lines were asbestos covered 
and cased in wood boxes packed w;ih sawdust; branch 
lines were 1.5-in and often several hundred ft long; at 8-ft 
intervals along them were nipple connections for 6/g-in 
armored hose, leading to the points. Batteries of 150 or 
more points formed a unit. Costs varied locally, with 
depth and character of ground, driving troubles, time of 
steaming, cost of fuel, etc, from 12 to 20;! per cu yd. See 
Bib (629). 

N. L. Wimmler (188) gave following data on Alaska 

practice just prior to 1927. (1) Otter ca, Iditarod. Gravel, _ 

14 ft deep; 150-bp boiler supplied 05 points; thawing cost. Fig 872. Crossbead (after Ellis) 
30~45i! per cu yd. (2) Same location; 200-hp boiler for 110 

points thawed 100 000 cu yd in 1 season; cost 33^ per cu yd. (3) Candls cx, Kuskokwim. Gravel 
15-18 ft deep and lees than half was frosen; muck removed previously: lOO-hp boUer for 80 points 
spaced 6 ft o-c; fuel per day, 12 cords wood @ $10; employed 10 men per shift and thawed 100 000 
cu yd in 1 season, at 25^ per cu yd. 

Cold-water thawing is done by injecting water at normal surface temp and under 
press (from ditch, if possible, otherwise from pumps) into the gravel through pipes resem¬ 
bling steam points. Fig 870, or sweaters, fig 871. The water returns to surface through 
the ground surrounding the pipe; as thawed ground tends to settle, it opens a channel 
for the rising water along the under surface of still frozen ground, thus promoting effic 
of operation. Presence of former drift workings often complicates procedure. Water 
points or sweaters, driven to bedrock like steam points, have bran widely used on dredging 
ground in the North. 

Alaska. N. L. Wimmler gives following general information (188) in 1927. Alaskan 
surface waters reach 50“ F or over only during 3.5 summer months; occasionally 66“-70* 
for short periods; water may be 6“-8“ colder at night than in day. Best thawing results 
when water rises from points at not less than 36“-38“; only about 8“-15“ of available 
temp can ordinarily be utilized; effic is highest at start of thawing. Amount of water 
varies widel.v; one case at Nome, thawing 60 ft deep, supplied 1-1.75 miner’s in of ditch 
water per point, at 30-80 lb press; another pumped 1 000 gal per min to supply 100 points 
at 17.5 lb press; Yukon Gold pumped 3 500 gal per min for 100 points. Excessive preM 
may cause pip<^ to rise, but 60 Ib is more effective than 40 lb. Water thaws more slowly 
than steam; hence 2 men can manipulate twice as many water points as steam points, 
say 10-25 or more, depending on difficulty of ground and temp of water; aver advance 
of water point, 0.75-1.5 ft per hr. 

Water points are usually staggered in straight rows, on 8-16-fl esnters; in 60-ft gravsl at Nome, 
witii slabby boulders on bedrock, holes at 32-ft centers were churn-driUed in winter and thawed next 
season. Under aver conditions, points at 8-ft centers finish thawing in 4-8 days; at 10 (t, in 8-12 
days; at 10 ft, in 10-14 days; at 32 ft (Nome) in 10-12 weeks. Thawed gravel freezee to depth of 
only 2-5 ft during a following winter. Water-thawed gravel is easier to work than that thawed 
naturally or by steam, especially if much clay is present, since circulating water assists in ffisintegrat- 
ing clay. In general, water thawing costs 7-15^ per ou yd; Yukon Gold, having to pump water, 
thawed for 10-14^ per eu yd; at Fairbanka Cr, with small and erratic supply of ditch water, coet was 
10 -12^ per cu yd. 

Yukon Consol Gold Corp. Data from W. H. S. McFarland (434) and G. R. F. Troop 
(435) in 1939; statistics and costs from Mr. McFarland in 1940. Company aims to 
gain at least 2 years' reserve of thawed ground ahead of a dredge, requiring operation of 
6 or 6 "units" of 400-700 (usually about 600) points each. Thawing season begins about 
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May 10 (preparation, nearly a month earlier) and ends about Sep 25. Equipment 
mainly lilm that at Nome aoid Fairbanka. 

From ita main souree (uaually a pump), water paaaee throuah a 12>in cate-valve into a line of 
flanged pipe redueing in steps from 11 in to S in; this line has fl-in outlets, each with a gate-valve, 
spaced 27 ft 7 in apart; aver "unit” has 12 such outlets. Header pipes, one for each outlet, are 8 -in 
and 4-in slip-joint pipe in I 6 -ft lengths, each length having a 2-in threaded outlet at center. By 
combination of bushings, nipples, T’s, or crosses, water is finally delivered through individual cocks to 
1-in hose, 16 ft long, feeding the points; usually 2 (occasionally 4-6) points are supplied from each 
outlet in the header; usual proas, 20 lb per sq in. Normal spacing of points is at comers of IB-ft 
equilateral triangles; sometimes reduced (when much muck remains to be tliawod) to 4 ft. Points 
are of 0 7&-in extra-heavy pipe in 10-ft lengths, with a chisel bit of high-carbon steel welded to lower 
end. Points are driven by hand, using a cyl slotted weight to fit around the point, and kept in place 
by a Vs-in crossbar which also serves an handle. The weight strikes a collar firmly clamped to the 
point by swing-bolts; a wooden handle bolted to the clamp nerves to twist the point. For rate of 
driving, and thawing duty of water, see Table 140. Extra-heavy l/j-in pipes, without cutting bits. 


Tabu 14t. Data on Cold-watar Thawing, Yukon Consol Gold Corp, Ltd 

(From W. H. S. McFarland, Gen Mgr, in 1040) 


Dredge No 

4 

5 

6 

Year 

1937 

1938 

1939 

1936 

1937 

1938 

1939 

1938 

1939 

Aver depth muck, ft .. 

9 6 

4 5 

7.4 

12.8 


mma 

4 5 

9 1 

5 2 

Dredge sectioo (a). 

IS.I 

22 8 

23 9 

17 8 



22 6 

28.8 


Total depth. 

24 7 

27 3 

31 3 

30 6 


27 8 

27 1 

37 9 

35.4 

Cuyd thawed. 

1 253 951 

1 668 295 

542 989 

2046 748 


206 954 

1057 711 

555 159 

555 187 

Water used, ia-days (b) 

113068 

216 759 

126 279 

153632 

132 272 

50622 

102080 

99 857 

112 242 

Aver temp water, “F.. 

49 6 

44 8 

47 9 

49 0 

48 8 

48 7 

45 9 

44 8 

47 5 

Duty of water (e) ... 

II 08 

7 70 

4 30 

13 35 

II 68 

4 08 

10 36 

5 55 

4.94 

In-d^-deg per cuyd (d) 

1 70 

1 66 

3.70 

1.27 

1 43 

1.75 

1 34 

2 31 

3 13 

Total point footage 

138 505 

184 713 

72616 

234 794 

201069 

91 531 

128 430 

104 580 

155 521 

Ft driven per mao-hr . 

5 5 

9 0 

6 9 

13 4 

II 0 

9 8 

10.4 


10 9 

Total cost per cu yd (c) 

5 53^ 

3 92C 


2 48C 

4 04C 

(014 OIC 

. 

6 64C 


Dredge No 

7 

8 

9 

10 

Year 

1938 

1939 

IBI 


1939 

1938 

1939 

1938 

1939 

Aver depth muck, ft 

0 2 

0 8 

14 4 

12 5 

10 5 

16.4 

23 6 

18.4 

15 2 

Dredge metion (o)... 

13.8 

14 0 

7.0 

14.6 

10.9 

IS 6 

10 2 

8 7 

9 1 

Total depth . 

14 0 

14 8 

21 4 

27 1 

21 4 

32 0 

33 8 

27 1 

24 3 

Cu yd tliawed . .. 

222 962 

215 772 

617 663 

509 980 

49$ 924 

279296 

543 394 

400 733 

644103 

Water used, in-days (6) 



55 997 

124 284 

112 672 

51 769 

110 32/ 

55 348 

117795 

Aver temp water* *F., 



43 3 

46 3 

47 5 

44 0 

42 6 

46 4 

46 9 

Duty of water (e) . . 



II 05 

4 12 

4 40 

5 38 

4 92 

7.24 

547 

li>-day-deg per cu yd (d) 



1 02 

3 49 

3 52 

2.25 

2.15 

1.98 

2 72 

Total point footage 

21 486 

57852 

75097 

132 170 

157 738 

60 312 

192 451 

107332 

198384 

Ft driven per man-hr. 

7 0 

8 3 

20 8 

25 0 

21 6 

25 0 

21 2 

17 5 

17.7 

Total cost per cu yd (c) 

6 ISC 


3 02C 

5 76C 


9 48r 


5 79C 



(a) Depth of gravel plus pay bedrock, (b) 1 in-d y “ l-.l cu ft per min running 24 hr •= 2100 
cu ft of water, (r) Cu yd tliawed per in-day. (d) I in-d.sy-deg — 1 in-duy for each deg above 
32^ F. (r) Iteimxed costs in Table 150. (/) See fouti ote (b) Table 150. 


are eometimes driven at intermediate positions, but usually not to liedrock. Thawing water has to be 
circulated, due to scarcity; settling basins are arranged, from which water, after straining through 
7-m88h 8 crc>en, is pumped back into the pipe line The water from stripping muck (Art 128) can not 
be sufficiently clarified for use in thawing gravel, and precautions are often required to prevent con¬ 
tamination of the thawing water. Btandaid pump is a 12-in centiif, rated at 6 000 (US) gal per min 
under l(K)-ft head, and driven by 200-hp synchronous motor. Each of the 11 such portable units in 
service is housed in same manner as those supplying water for stripping (Art 128). A "unit" block 
of Klondike gravels can usually be thawed by this method in 1-3 mos; progress is examined by driv¬ 
ing steel bars into the ground about midway betwreen points. Table 150 gives costs of thawing at 7 
of the company's dredge sites, during a period of organization and expansion; lower costs are antici¬ 
pated. For stripping and dredg'og on same sites in Klondike distr, see Art 128. 

Otter Creek, Iditarod diet, Alaska. Data from N. L. Wimmler (188) on water¬ 
thawing in 1923 ahead of a dredge d’gging 1 500 cu yd, or cleaning 3 000 sq ft, per day. 
Gravel 15 ft deep; medium size, few boulders, some clay on bedrock; covered 1-2 ft deep 
with sod and moss, but no muck, about half (he vul frozen to bedrock. Water, 150-400 
miner's in, from 4rmile ditch, was distributed to as many ae needed out of 100 points 
and 700 ewicutcra available. 
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Table IW. Coat of Cold-water Thawiat. Tnkon Coaaot Gold Corp, Ltd 


{Ftom W. H. S. McFarland, Gen Mgr; for technical data, aee Table 149) 


Dredge No 

4 


5 


6 

7 

8 


9 

10 

Year 

1937 

1938 

1936 

1937 

1938 

1938 

1938 

1937 

1938 

1938 

1938 

Coat; 4 per ou yd: 



■i 

■I 



mn 





Wagea. 

2.76 

ISO 

■wn 

nol 

7.95 

3.09 

W% 1 

1.35 

2.88 

4.54 

2.77 

Camp and meaa. 

1.30 

IjuI 


■m 

3.46 

1.35 

■II 

ETTl 

1.27 

1.99 

I.2I 

Suppliea. 

0.10 

mH 

.07 

HI 

0.23 

0.18 


.17 

0.11 


0.23 

Sbopa. 

.08 


.11 

.12 

.38 

.09 

rntTm 

.11 

.14 

.26 

.52 

Tranap. 

.36 

WbSm 

.12 

.29 

.70 

.35 

Bn 

.14 


1.04 

.60 

Power. 

.87 

.42 

.36 

.69 

.91 

.71 

.57 

.51 


.63 

.27 

Super via. 

.05 

.12 

« t » . 

.04 

.26 

.26 

.25 

.11 


.20 

.14 

Engineering. 

.01 

.01 

.02 

.02 

.12 

.02 




.08 

.05 

Sundry. 

. . . 


.01 

. . . 


(0) .59 




.39 


Totala. 

5.53 

3.92 

2.48 

4.04 

14.01(6) 

6.64 

1 6.15 

3.02 

i 5.76 

9.48 

5.79 


(a) Work on the Australia-Sulphur :litrh. (b) Coeta high due to neeeseity for re-thawing 
much of the 1937 area, for which no credit was allowed in 1933. 


Points on 10-ft centers, staggered on rows 10 ft apart, were driven to bedrock under full water 
proas (19-23 lb), then withdrawn, and replaced by sweaters; latter could sometimes be put down 
without preparation by points. Four men on each of 2 lO-hr shifts bottomed 40 points and set 
sweaters for 4 000 sq ft, eacli working on 21 points at a time. Temp of inflowing water, usually 
42”-44°; max, 69'’; usual drop on return, 10‘’~12'’. Thaw finished in 10-12 days (4~5 days when 
water was warmest). Aver daily labor cost (wages including board & 13 per day) was; 8 pointmen 
@ 19, 972; 1 day foreman, 112; 1 night forenian, 910; 1 ditohinan, 99; l/i blsoJunuth and helper, 
9t0.50; total 9113.50. In 10 days, this crew set 391 points, thawing 21 722 cu yd (30 100 sq ft, 
15 ft deep) at 5 2.5# per cu yd for labor and repairs. Former cost by stekm thawing was 35-45^ 
per eu yd. Equipment (exduding old ditch) cost about 910 000. 

Water thawing without points. A different application of cold water for thawing was 
employed on Candle Cr, Fairhavcn dist, Alaska, by E. £. Pearce in 1921 (5£8). The 
gravel lay in and alongside a creek, with no muck cover. Length, 1 025 ft; aver width, 
60 ft; depth to bedrock, 9 ft; depth to frost line, 3.5 ft. The creek was Averted into 
2 parallel ditches, one along each edge of area. A 5 by 6-ft shaft, sunk in middle of the 
area, about 235 ft from the down-stream end, was timbered tightly to a point 2 ft alwve 
bedrock. Timbering extended above surface water; coarse gravel W’as thrown in at 
bottom and around the sides of shaft. Water entering shaft bottom was pumped out 
(at 250 gal per rain) by a 2.5-in centrif pump, driven by a 4-hp gasolene engine. Creek 
water seeped through thawed surface gravel to the shaft, thus creating circulation along 
the frost line. Aver temp of creek water, 64° F; of shaft water, 48°. Whole area thawed 
in 15 days; pumping time, 80 hr. (!)ost, excluding equipment and overhead, 1.4^ per 
cu yd. Previous work with water points only, in same typo of gravel (water pumped), 
cost 9.5^ per cu yd. 

132. MINING ALLUVIAL TIN DEPOSITS IN MALAYA 

By John Bbamneb Nkwsum, Mining Engineer 

a. General 

Tin occurs as cassiterite, associated with 
heavy minerals of Fe, W, etc, over large 
areas in Malaya. Fig 873 shows types of 
deposits; alluvials and residuals, occurring 
separately or m combinatioJi, are worked by 
placer methods and yield the bulk of Malayan 
tin production. Bedrocks are decompiOBcd 
granites and soft schist, with areas of very 
hard irregular limestone. Tin-bearing pay- 
streaks are locally called “karang"; heavy 
associated mineralB, “among," correspond 
to black sands in gold placers. Occasional 
large pieces of cassiterite occur, but approx 
90% of ore grains pass 10 mesh and stay 
on 150 mesh. Essential differences between 
these deposits and gold-placer gravels arc: 

(a) sp gr of cassiterite is lower than gold, 


Conditions 




jV*tai _ 

^^^Centaetdipaits GnalM 

Fig 873. Types of Malayan Tin Deposits. 
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T»m.tin| t it more difficult to we; (b) fully 95% of deposit is fine sand and day, 'with a few 

stones and boulders (TaUe 151); (e) fluctuat¬ 
ing price of tin. 

To handle a given vol of material, these con¬ 
ditions require larger areas in sluices and more 
water than in gold placers; sands in aliuces must 
be agitated artificially to prevent packing; clay 
puddled, to rdeaee included mineral and prevent 
sluice-robbing; some deposits are worked intermit¬ 
tently, as price of tin varies. —' 

While some ground is very rich, production 
is mostly from deposits carrying 0.5-1.6 lb tin 
per ou yd; with prices for tin in 1937, usual 
open-cut methods operate profitably with Chinese 
labor where values are 1 lb per ou yd; dredgea 
work profitably under favorable conditions with 
values as low as 0.3 lb per ou yd; clay and diffi¬ 
cult bedrock increase minimum profitable values; 
normally, 0.5 lb per cu yd is considered good 
dredging ground. Wages: Chinese common labor, 
30-50^ (U S) per 8-hr day; skilled labor, 75^51.SO; 
much work is on contract and tribute systems. 
Methods include use of small- or large-scale hand¬ 
work, ground sluicing, hydraulicldng, hydraulic elevators, gravel pumps, mechanical haulage 
on inclines, and dredging. 

Id all oases, a rough concentrate carrying 15-50% tin is made; this is rewashed to the 
standard grade for the district, which is 73-75% tin and is sold to local smelters. Rough 
concentrate may contain 50% or more “amang”; finished concentrate is called "ore," 
a term applying loosely to all kinds of concentrate. 

Foreign engineers often fail to recognise the low costs and large outputs attained by 
Chinese hand methods, through their ingenuity and low cost of labor. A fixed idea of 
Chinese operators is to avoid expense for equipment wherever possible. Prior to 1000, 
with possible exception of a few small hydraulic mines, all Malayan placers were worked 
by hand; still true for certain work involved in present methods using power. In 
early daye, extensive drifting (Art 130) was done by Chinese, but this has almost 
stopped. 

In 1931 the International Tin Control scheme went into effect. Under it, the Malayan 
quota has varied from low of 25% of rated capac in 1032 to 80% in 1937. In 1936, 
87% of world production was controlled nnd the Straits region, comprising Malaya and 
Netherlands East Indies, produced 55% of world's tin, valued at $99 000 000 (U S), prac¬ 
tically all by placer mining. Malaya furnished 68% of this. Malayan pl^er mining 
is the most extensive placer work now being done. 


Table ISl. Sizing Tests of Tyjficol 
Bsnk Msterisls 


Screen 

Per cent weight on 
screen 

Mesh 

Aperture, 

mm 

A 

B 

20 

0.90 

20.5 

27.6 

40 

0.38 

19.5 

17.8 

60 

0.21 

8.7 

8.6 

80 

0.16 

5.2 

3.5 

100 

0.13 

2.9 

2.0 

-100 

0.13 

42.7 

39.7 


A. Ampang Selangor. B. Sungei lingip, 
Negri SembiUn. Note. Voids in aUuvials in 
piece very from approx 38% in pure day to 
23% in material containing 50% sand. Per 
cent vmde in pure clay and aand ie higher 
than in mixtures. 


b. Washing Devices 

Simple hand-washing de'vices are important in the industry, being always used to 
clean rough concentrate. For use of jigs, see Dredging, Art 132g. 

Dulang is a wooden bowl, about 24 in dinm by 5 in deep, corresponding to the gold miner's pan 
or bates and used similarly. Aver dulong operator handles 1.25 cu yd of sandy material per 8 hr. 
In 1918, dulong miners pr^uoed 3 365 tons of 73% concentrate, or 8% of total Malay output, but in 
recent years encroachment of other methods of primary concentration has reduced this figure. 
For final oonoentration, the dulong is operatod as for rough concentrate, but work is much 
slower. 

Lanebute is a coffin-ehaped sluice box, varying from dimensions in Fig 874 to 35 ft long. Material 
enters by gate A, being puddled first if necessary. As the sand streams down the box, a coolie puDa 
it back with a hoe ("ehengkoJ. ’ Fig 875); the water swirling around sides of hoe carries off light 
aand; heavy aands settle. 1 man operates a lanchute of rise shown in Fig 874; 2 or 3 coolies for larger 
ones. Ratio by vol of water to sand is about 10 ; 1; recovery, about 90%. Duty per man-shift, 
12 ou yd of well puddled material. T^anchute and changkol are auziliariea in all large-scale work, to 
bring rough eonceotrates up to standard grade. 

Clay puddling is done as follows; (a) In small-soale work, with digging changkols (Fig 875'), in 
puddlas at lanchutes (Fig 874). A eoolis puddles 0.3-0.5 cu yd of tough clayey material per hr. 
(b) By “stage" working in small open pits. About 60% of water by vol is added to the karaug on 
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pit floor; rcoultant pulp Ja seoopod oeroaa floor with loug-budlod Moopo to the foot of one of the 
bnnka, in the fnoe of wbieh n eeiiee of 
•mnll bneina or puddles is cut at vert 
intervals of about 4 ft. Coolies at each 
puddle dip the pulp, witii long-handled 
dippers holding about 1 gal, from one 
puddle to the next above, and finally to 
the lanehute on the surface. Aver duty 
per coolie is about 16 dippers per min 
2.8 eu yd bank measure per hr on a 
4-ft lift. With labor at 504 per day, 
etage working ooets approx 0.74 per eu 
yd per ft lifted. As many as 12-14 stages 
may be used, but such heights are 
unusual. Stage working, the most 
effective hand-puddling method, can be 
used only where karang will form a 
sludge; mixtures of sand and clay give 
best sludges. (Note. Stages are used 
for elevating material in opening pits 
to bedrock for gravel pumps and in 
working small rich areas.) (e) By power- 
driven arrastras. A 25-ft diam ma¬ 
chine, with 2 drags and 0.5-in discharge 
screen kept open with a water jet, requires 3 hp at S rpm. Capao, 6-15 eu yd per hr; water, 50-75 
cu ft per min. At one mine arrastra puddling cost 154 per cu yd. (d) By bos puddlers similar to 

log-washers but run at high speed; this is the usual 
method. A puddler 12 ft long has 5 seta of steel 
blades; speed 120 rpm; power, 20-35 hp; water, 
10 cu ft per cu ft of dirt. These maohines do 
imperfect work, but have large capacity, (e) 
Jx>w-epeed puddlers, consisting of horii shafts 
about 20 ft long with blades extending about 2 
ft, the blades tilted so that the clay is moved 
ahead slightly by eaoh blade as it eomes around, 
were introduced in 1027. They are effio puddlers 
and are used for final disintegration of clay on 
some dredges. (Art 132g.) 




Note: Changkol for digging 5 j 
has 4’ft handle, making 
an 80“ angle with blade 


Kg 875. Changkol used in Lanchutee and 
Palongs 




Ground O^lliTir . 

LONGiT SEC 8 high gate 



Kg 874. Lanehute 


Ground Blnices (Art 121) are extensively used in mountainous districts and in hydraulis 
mines. Capac, about 2 cu yd per hr per ft of width; slope, water, 15-25 cu ft per 

cu ft of material washed. They are poor tin savers; recovery often less than 60%. They 
are cleaned up either by panning the material in the bottom, or by digging it out and con¬ 
centrating in a lanehute. No blocks or stops are 
used; the sides are confined and the sand in sluice 
is allowed to form its own riffiea and eddies. 

Palong (Fig 876) is a wooden sluice box, in 
which most of the Malayan tin is recovered. 

Dimensions vary; typical palong is 120 ft long, 

4 ft wide and slopes 3“. Bottom is smooth; trans¬ 
verse bafilcs A, 4 in high and held in grooves 
formed by vert cleats B, are usually 10-12 ft 
apart. Palongs are single or in sets of 2 or more 
side by side; they are roofed for protection from 
weather and supported on trestles to give head- 
room for tailing. Cost of single palong, in 1037, 

$1 400; cost, of moving and ;re-erection, $1 000. 

Capac, about 1.5 cu yd per hr per ft of width; 
water, 8 cu ft per cu ft of material washed (see 
also under Dredging). Opebation. Material flow¬ 
ing through is stirred by coolies with changkols 
(Fig 875) and rakes; 1 coolie per 40 ft of length. As heavy sands accumulate and become 
difiScult to agitate, additional baffles are inserted on top of original 4-in baffles, with no fur¬ 
ther attempt to stir the bottom layer. In 24 hr, a well managed palong builds up about 
1 .5 ft of concentrates. Cleam-ups, usually one per day, are made with a small stream of clear 
water. Concentrates are dragged up stream with changkols; each section between baffles 
is cleaned separately, starting at upper end of palong. Multiple-pdongs permit continuous 
operation, as they are cleaned up one at a time. Final concentrates carry 16-30% cas- 
■iterite, depending on amount of amang present. Concentrates are shoveled into buckets 
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wad oarried to a clean-up houae ("tin shed”), where they are brought to etondard 
grade in lanchutee. Extbaction.' Chinese miners say that on aver paiong saves about 
80% of tin delivered to it and that 80% of this is cau^t in first 30 ft. With prop¬ 
erly puddled feed, and proper stirring throuid>out a run, extractiomnay reach 90% 
or more. 

Principal factors affecting extraction; (1) Character of material. Water-worn caasiterite is easy, 
angular grains are hard, to save. It is generally thought that coarse (+10 mesh) and very fine 
(—80 mesh) grains are difficult to save. But, admitting this in saving nun us 60 to 80-meah grains, 
samples of dredge tailings indicate that the caasiterite lost comprises grains of all sires in about same 
ratio as in the feed. Lumps of clay (sluice robbers) cause serious losses by picking up cassiterite; 
much fine sticky clay in the water causes losses, even though large lumps are removed. In working 
in clayey ground with little sand, the sands in bottom of the paiong tend to scour out. (2) Stirring 
is important to loosen the sands and permit concentration; packing causes rapid losses. (3) Skill of 
workmen, their physical condition and amount of inspection. Continuous stirring is drudgery and 
cooties can not be depended upon at night. (4) Slightly overloading a paiong causes heavy loss; 
transverse ridges of sand form on the bottom, causing saift currents which prevent settlement; the 
ridges themselves also move down the sluice. Extraction varies greatly under varying combinations 
of above conditions; fair estimates place losses in palongs at 5% min, 30% max, 16-20% aver. See 
also under Dredging, Art 132g. 

Jigs are the most important washing devices on modem tin dredges. See dredging 
(Art 132g). 


c. Disposal of Tailings 

Problems resemble those in gold placers; often tailings must be impounded to prevent 
silting up streams or injuring adjacent property. 

In small mines using Isnchutes, sands are commonly carried in baskets from a sump at 
tail of lanchute and stacked, while slimes run into streams or old mine pits. Some coolies 
load and others carry sands; duty of labor is about the same as for carrying the original 
dirt (Table 152). Palongs produce large volumes of thoroughly disintegrated tailings, 
which build up an alluvial cone under the discharge; slope of cone is from 20% at apex, 
where coarse sands lodge, to 0 at edges, where slimes are deposited. Cassiterite lost in 
the paiong concentrates near apex of cone; resultant deposit of clean sand and ore is in 
ideal condition for reworking, and such old tailing cones are worked by tributers on 
royalties up to 40% of tin recovered. If impossible to run tailings into old mine pits, 
they are impounded by dams. In hydraulic mines and where much water must be 
restrained and settled, ordinary earth dams are used. 

In many smaller mines, impounding dams are made of alternate layers of long grass (lalong) 
and sand, built up around the tailings pond as the level rises. !^lo[>e of dam face, about 4.5”, it is soon 
covered by vegetation, which pre' ents washing by rain Such dams cost about 1^ per sq ft of dam 
face, henee cost of tailing storage is very low. For substantial construction, a layer of grass is laid 
aerom the dam, the ends of stalks projecting beyond the face and covered with bundles of grass 
laid parallel to face. The projecting ends are then doubled back over upper layer and held in place 
by a layer of sand and dirt hoed up out of the tailings pond. These cost more than simple grass-sand 
dams, but can be built 15-20 ft high and will hold slimes as well as sand Drains, provided in tail- 
inga piles and dams in the areas where finer material is deposited, comprise long A-shaped frames of 
wood or bamboo, covered first with bamboo matting with 1 / 4 -in openings and then with a 2 -in layer 
of grass. Sand is piled on the grass to hold it in place until it is covered by tailings. These drains 
are built at any elev in the tailings pile and dram through the dam face. 


d. Draiiiage 

l 4 trge open-cut mines are drained by power pumps; small mines by hand bailers or China 
pumps worked by hand, foot or water power. Bailers, for lifting water short distances, are made 
from S-gal oil-cans; sides braced with light wooden elats. Fig 877 sbowe operation; the coolies are 
15-20 ft apart; each holds 2 light lines attached to can, by which the bailer is swung back and 
forth and tipped for loading and dumping. Aver lift, 5 h; coolies aver 20 swings per inin; max 
output, about SO gal per min. v>il-ean bailers are used in lifts to 15 ft; speed of swing varies little 
with lift, but less water is tak.-n per swing. This is hard work and coolies in a gang spell 
each other. To bail more than 80 gal per min, 2 crews work in rhythm from the same 
stands 

China pumps worked by coolies rarely hit more than 4-6 ft; pumps are set on about 30” slope; 
if power is available, higher lifts are obtained with pumps to 80 ft long. Chief use of China pump ia 
in small workings requiring only intr-rmittent drainage. 

Wooden buckets, with a vert pole handle attached to a counterbalanced sweep, are used to bail 
water to heights of 8-15 ft; they are arranged in batteries of 2 - 6 ; men work in rhythm; duty per man. 
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80^6 |nl i>er min on nn 8»ft lift. For lifts ovor 12—16 ft| bnttoriss of tlmso bniloni nrs Mrancsd on 
diSoroat levels. 




Fig 877. Oil'osn Bailer 


e. Miscellaneous Fand Operations in Open Cuts 

Transport in hand-worked open^uts is by baskets, whecilmirowa, and cars on tracks. 

Carrying in baskets, suspended in pairs from a shoulder pole, is practiced in stripping 
and moving karang; (a) where yardage is too small to warrant coat of barrows and trestles; 
(b) where carry is less than 50 it, so that relative cost of loading and dumping barrows is 
high; (c) where carry is uphill and conditions do not justify or permit mechanical haulage 
in trucks; (d) in cleaning irregular bedrock. Output is not a serious factor, as large yard¬ 
age may be moved by increasing number of coolies employed. 

Flat rattan baskets are used; capac, Ib; cost, 17^; life about 2 weeks. Faces of pits are 

usually in steps 1-2 ft high; baskets are placed on ground at fare and loaded with a changkol. Load¬ 
ing time, 17-80 ser, depending on whether dirt is clay or sand, packed or loose; aver time, 50 see. A 
oontraot oooUe carries 2 baskets (aver load, 100 lb); he goes at a trot, which, through the spring of 
the pole, takes the load off his leg muscles while walking and puts it on when his leg is straight. On 
up grades, pace is slower, advantage of the spring in the pole is lost, lighter loads are carried and out¬ 
put per hr decreases rapidly. Contract work is usual, with pay based on vol in place; where this is 
diflScult to measure, as in cleaning bedrock, coolies are 
paid by the trip from the face, regardless of load car¬ 
ried, with resultant lower effio (see Table 152). 

Wheelbarrows are used on level leads over 50 

long, also on long leads where yardage does not 
justify cost of cars and tracks. 

Chinese barrow (Fig 878) is entirely of wood; aver 
load, 350 lb; cost, $3.50; life, about 2 yr. The projection 
of the frame in front of the wheel cheapens coat of 
Jumping, eto. Double barrow tracks of 6-in planks 
are laid at 10-ft intervals along faces. Barrows are 
loaded with changkols; aver loading time in aver 
ground, 2 min, 50 sec; dumping time, 3 sec. For duty 
of labor, see Table 152. Barrow work is usually done by 
gangs on contract paid by volume in place. 

Cars or trucks are V-shaped, steel mine-cars 
holding 15 cu ft, or about 0.33 cu yd bank mea¬ 
sure; they are used on level leads of 600 ft or 
more and at mines when material is elevated on 
inclines. 

Track is of 12-lb rails, usually poorly laid; life of cars, 1.5-2 yr. Cars are loaded by 2-bandled 
rattan baskets or trays; area about 18 by 16 in; bottom of tray is curved, with max depth of 6 in. 
Basket, holding an aver of 63 lb, is loaded with changkols at the face in about 20 sec; it is then picked 
up and carried to car; hence loading eflic depends on distance between ear and face (Table 152). 
Miners do their own tramming; usually 3 coolies per oar; with well laid track, 2 coolies per car. 
Miners paid by truck load. 

Duty of labor in above methods of loading and transport is given in Table 152. These data were 
obtained from typical working places and are averages respectively of 60 time studies of oarr3dng in 
baskets, 200 of barrow work, and 170 of truck loading. 

f. Open-cut Mining 

Principal methods; (a) by benches; (5) with inclines; (t) with gravel pumps; (d) by 
hydraulicking and hydraulic elevators. 


f Dia wood pin 


4”x2':. 

I^^^^JiardwoodJjj^ 


iJ|iA__ 


■ 2'-11’" 2 - 5"-/ 

15 Dia wooden 

wheel ll" thick 



Fig 878. Chinese Wheelbarrow 
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TaU« IfiS. Co Yd Bank Material ia Place that One Coolie Loads and Moeea per Br 


Method 

Load¬ 
ing (c) 

Distance moved, ft 

100 

200 

300 

400 

500 

600 

a 

II 

li 

O 

Pd by 
vol (a) 

Sand. 

Clay. 

m 

I.OS 

0.5 

0.67 

0.32 

m 

m 

0.26 

0.14 

0.22 

0.1 

Pd by 
trip 

Men. 

Women. 

1.5 

1 25 

0.32 

0.25 

0. IB 

0.13 

0.12 

0.08 

O.i 

0.07 

0.07 

0.06 

0.06 

0.05 

Wheelbarrow 
work (d) 

Saud. 

Clay. 

2.5 

2 0 

1.75 

1.48 

1.38 

1. IB 

1 1 

0 99 

0.94 

0.86 

0.84 

0.78 

0.75 

0.7 

Loading cars 
by baskets 

Ft carried in 
basket. 

B 

10 

20 

30 

40 

50 


Sand. 

Clay. 




m 

1.25 

0.6 

1.05 

0 S3 



(a) Duty of male coolies, (b) Loadine basket, (c) Loosening and loading, (d) Contract work. 


Working by benches ia uaed in mining large flat alluvial deposits (Fig 873) to 50-60 ft 
deep. Face is carried in benches (Fig 879); light trestles across the pit provide the shortest 
possible level distance to dump; max height of benches, limited by danger of caving, is 
usually about 20 ft. 

Overburden is stripped and carried in baskets or moved in barrows over trestles to back of the 
pit; karang is carried up chicken ladders in baskets to a 8er:es of lanchut«.s set on top of the tailings. 

The stacked overburden is kept 
as close as possible to the work¬ 
ing face; aver carry or tram from 
face to dump is approx 150 ft. 
Drainage of pits is by gravity 
where possible or by pumps. All 
digging is done with mining 
changkols (Fig 875), used as a 
combination pick, mattock and 
shovel. To about the year 1900, 
most large mines were worked by 
hand in this way; in places faces 
were 0 25-0 5 mile long, up to 
3 500 coolies being employed on one face. Open-cut mines using only hand methods of moving 
earth generally advance the faces in a fairly straight line; overburden and tailings are dumped in the 
worked-out pit. 

Inclines are extensively used in the deeper mines (to 300 ft) along granite-limestone 
contacts and in other laige open-cuts to depths of 50-60 ft, to hoist waste to dumps, and 
elevate karang to washing plants. Layouts vary widely with local conditions. Washing 
plants comprise power-driven arrastras or high-spet'd puddlers, which feed into elevated 
palougs or jigs. Pits are drained by contrif pumps, which furnish water for washing; 
water drained from tailings is often reused. Steam, costing about per hp-hour, is the 
usual power for driving hoists and pumps. 

Pita may be advanced in benches (Fig 879), in which case karang is loaded in cars on floor of pit 
and trammed by hand to foot of incline. At times stripping is handled by cars: (a) hoisted in cars 
on separate inciincs serving each bench; (b) traniined along benche-s and dumped into the pit at 
points where it will not iiiterfeie with future work; (c) barred down slopes into cars on pit floor and 
hoisted to surface up main incline. Open pits on contact deposits are usually long and narrow, but 
in places are circular or elliptical, worked in benches, each served by an incline. In flat alluvials, 
pit faces are fairly straight, as in bench working (Fig 879). Basins or pockets of karang, occurrirg 
too low in bottom of pit for convenient loading into cars, are worked by carrying in baskets to 
lanchutes on the pit floor. Loading and tramming ia done by contract; labor in hoisting, puddling 
and washing is usually paid L>.v the day. 

Grtvel-pump mines (ace Art 126) are, next to dredging properties, the moat important 
source of tin in Malaya. In 193S, dredges produced 24 550 tons of tin in the Federated 
Malay .States, gravel-pump mines, 20 875 tons, other methods, 9 128 tons. 

Usual operation involves: (a) hand woik to break material from the I>ank; (b) ground 
sluices to carry material to a sump; (c) a pump, usually steam-driven, to elevate materials; 
(d) paiongs for washing. Impounding dams are built around the tailings storage areas. 



Surface 


Lanchute^ 

1 Wash^kjir^^" 

3 Overbu rden unwashed 

2 OverVurden’unwasiwI 


Limestone 

Fig 879. Open-cut worked by Benches. Diagrammatic Cross- 
sec (trestles to lower benc.hee omitted) 
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the water running back into the pit and through ground sluices along base of the working 
face. Clays ar%d sand are broken down into ground sluices with hoes or bars, face slopes 
being kept steep so that material slides to sluice by gravity. This method, applicable under 
widely varjdng conditions in different types of deposit, requires delivery of the entire over^ 
burden and karang to the sump in the pit floor; hence, working faces are continuous from 
floor to surface and in plan are apt to take a roughly 
circular shape around the sump as a center. Entire 
bank is elevated by the pump and must be stored in 
tailings piles at ends of the palongs. Max lift of 
pump is about 75 ft; max depth of pit that can be 
worked is less than this by the elev required for 
palongs to provide room for tailing-storage. Pumps 
are usually high enough above pit floor to avoid 
drowning out during shut-downs. Breaking orotjnu. 

Some undercutting is done by water in ground sluices, 
but typical method of excavation is by "steps” ^Fig 
880). Pit faces slope about 45°; corlics begin at 
surface and cut a series of steps about IS in high in 
face of slope, using bars for cutting and prying off the 
ground, which rolls down the fare to the ground sluice. 

When the bottom is reached, men work bark up the 
slope, barring off the steps as they go; duty of labor, 
in stiff clay, 7-8 cu yd per man-day. Work is on a 
tribute system; men on steps and those woiking 
ground sluices receive a percent of ore recovered in ground sluices; owner retains the 
ore from the palongs. Recovery of over 75% in ground sluices is rare. 



Fig 880. Breaking Ground in Steps 


The method provides cheap breaking on contract, and driivera low-grade material to palong, 
thus reducing losses there. Other advantages of gravel pump: (a) elevates at fairly low cost: (b) 
delivers material to palong well puddled and with correct ratio of water for washing; (e) drains 
exces.s water from pit. The large percent of clay and sands and small percent of coarse gravel, com¬ 
bined with necessity of puddling the clay, makes Malayan tin deposits far more favorable for suo- 
ceasful gravel-pump operation than most gold-placer deposits. But, liners and impellers are rapidly 
worn by the sharp sands, and must be cheaply and quickly replaceable; they are renewed about 
every 6 weeks. Pump intakes are 3-12 in diam; 4 and 6-in arc commonest; larger units not usually 
successful, due to difficulty in keeping their feed steady. Steam costs about 2^ per bp-hr; power costs 
are usually about 2.5% of total working cost. Capac of 6 in itump is approx 16 cu yd of bank mate¬ 
rial per hr. Pumps can handle up to 2.5% solids, but this pulp is too thick for palong feed. Under 
favorable conditions a gravel-pump mine with an 8-in pump can treat 25 000 yd per month. 

HydrauUcking and hydraulic elevators are uerd under same general conditions as in 
gold placers (Art 123, 126), except that washing is done in ground sluices or palongs. 

Monitors are used in a few places in the hills, followed by ground sluices or palongs; tailings go 
to dumps by gravity. The more impoi taut hydraulic mines, of which tliere are a few, work alluvial 
deposits that lie too low for gravity tailing disposal; hydraulic elevators or large gravel pumps then 
elevate the material to palongs built high enough to give tailing room. 

In general, the large percent of fine materials in the banks, need for puddling and absence of 
coarse boulders, are much more favorable conditions for hydraulic-elevator work than are found in 
most gold placers and elevator efficiencies are higher. The elevator-monitor combination has the 
great advantages of completely puddling the material, lifting a high percent of solids, and using small 
labor force. Chief disadvantage: the usual large proportion of toi^sh clays in the banks results in 
low duty and high water consumption by the monitors. There are few localities in Malaya (except 
the Qopeng district, Perak), having enough water under head for large hydraulic operations, and, 
where sandy karang permits undercutting, for caving of banks and large duty. Data on duties and 
costs are not available. ' 


g. Dredging 

General. First dredge started in 1912; it was successful and dredging is now the most 
important method, as it allows profitable exploitation of low-grade deposits unworkable by 
ho^. All early dredges were sluice type, described below, and had washing capac of 
75 0(X) to 90 0(X) yd a montR. Installation of classifiers and jigs on a Malayan dredge in 
1925 focuseod attention on bietter ore-saving methods and led to an enormous increase in 
the capac of single dredges and the number of dredges in the field. In 1939 there were 
126 dredges in Federated Malay States, 20 in Netherlands East Indies, and a few in Siam. 
Some can dig 130 ft below water level and treat 400 (X)0 cu yd a monUi. Their high effic 
is shown by the facts that their ore-saving devices are contained in spaces 90 ft long. 
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70 ft wide, and 40 ft high, and that they treat 16 000 tone of gravel a day, with lew than 
a value of 0.5f! a ten left in the tailings. 

Types of deposit worked by dredging are the same as in gold jdacers (see Requirements 
and limitations. Art 128). Depths now dredged are 20-130 ft. Schist and granite bed¬ 
rocks are soft and ideal for dredging; limestone bedrocks are hard and always have pin¬ 
nacles; in some areas most of the karang lies above the pinnndes, making high recovery 
by dredging feasible; at present, karang lying between pinnacles is left, though there are 
promising methods for recovering it. Sunken timber sometimes interferes with dredging. 

Chain-bucket dredges are used; suction dredges have generally failed. First dredges 
had open-connected bucket lines, but with development of large-capac washing devices, 
close-connected buckets are favored. Steam is generally used, with power plant on the 
boat. Fuel is wood or i>oor-^uality coal mined locally; power costs are high. Borne 
companies operating several dredges have central turbo-electric power plants. Chinese 
labor is used almost entirely. 

Principal factors affecting design and operation of Malayan tin dredges, in comparison 
with gold dredges, are: absence of boulders, small size of grains composing the deposits, 
large amount of clay present, and lower sp gr and value of cassiterite. These conditions 
affect details of dredge design as follows: 

Hulls, mostly steel, resemble those of gold dredges; type of washing devices determines whether hull 
is long and narrow or short and wide. Dkicinu MACiiiNisBy is same as on gold dredges; broad, shallow 
buckets are required to dump clayey ground. As digging is easy, hbad umbs are used instead of 
spuds to hold dredge in position. TnouMELs always receive material from the dump hopper; they 
Me the same mechanically as on gold dredges, but of smaller mesh. Stonb-chdtbb at tail of dredge 
are generally used instead of stackers, as there is usually no coarse gravel to handle, hence no stern 
gantry; tailing piles behind the dredge are level and approz at same elev as original surface. More 
watbb is needed than on gold dredges of same cupac. Wasuino pbvicbb differ greatly from those 
for gold (see below). 

Types of dredge: (a) sluice dredge, developed from the sluice-type gold dredge, was 
the first used; (b) classifier-jig dredge, invented by J. F. Newsom, was first used on a 
commercial scale in 1925; (c) jig dredges without classification, introduced 1927, are an 
outgrowth of (&); (d) recent clay-working dredges have reached a high state of e£5c. 

Sluice dredges. Trommel undersize is distributed to sluices running fore and aft, 
which operate like palongs. Many operators prefer wide sluices; 6-ft width is considered 
a max, due to difficulty of distributing water in wider ones. Capac: 15-20 cu yd bank 
measure per sq ft of sluice area per month. Grade: approx 2°, when bull is level; trim of 
dredge is affected by wt of loaded sluices, which operate on slopes of about 3.5”. Common 
practice uses 1 coolie per sluice for stirring; mechanical rakes working across the sluice 
are being tried and appear promising. T.arge dredges have double decks of sluices, and. 
where steam-operated, require about 100 men for S-shift work. 

Sluices are cleaned up in rotation, like palongs, Bucyrus Co reports that the sluice area of a tin 
dredge is usually 4-5 times the table arcs of a gold dredge of the aunte capac; water for hopper, 
trommel and sluices is about twice that fur the usual gold dredge of same capac. Overcrowding is 
more apt to occur in dredge ali’ices than in palongs on shore; dredges take horiz cuts in desrendirig 
order and adjacent beds in fiat alluviuls vary from pure sands to pure clays; these conditions tend 
to increase losses in sluices (see Palongs, Ait i32b). Sampling of tailings by some companies 
indicates a sluice loss of ^5~20%. Use of piiddlers is rare; clay that is not disintegrated in the 
trommel goes through rock chute to dump. It is diflicult to provide waehing capac for more than 
100 (XX) cu yd per month on sluice dredges, although larger digging capacities are easily obtained. 

Claisifier-jig dredges operate on basis of results of extensive screen tests of bank 
materials and sizes of ore grains. In general, free- and hindered-settling ratios of sand and 
ore grains are such that classification discards much of the slimes and finer sands, without 
serious loss of mineral. Ib-oducts from classifier spigots are easily concentrated on jigs. 
A classifier of large capac and good performance has been developed, allowing the whole 
plant to be erected on a dredge. In 1927, there were 15 dredges of this type in Malaya. 

Flow-sheet for handling about 150 (X)0 cu yd per month is typically as follows: material from 
buckets passes through a trommel with 3/g-in oponinga; oversize to tailing; undersise to 2 daseifieni 
(Fig 881). Each ciassififr ma^^LS 4 products; Spigot 1, coarse sand, divided between 2 jigs (105 rpm, 
stroke 1-1 i/4 in); spigot 2, mcd’iini sand, to 1 jig (115 rpm, stroke 6/8 in); spigote 3-4, fine sand, 
to 1 jig (160 rpm. stroke 3/'g in); spigots '-O and overflow, \ery fine sand and slimes, to tailing. Ail 
jig tailing goes direct to waste. Ail b’.trh products go to a deelinung sump and tlience to 1 cleaner 
iig, haring 6 compartnienta, each 2 U wide by 3 ft long; speed 180 rpm, stroke 1/4-6/8 in. Tailing 
from the cleaner jig goes to waat.:, 1st hutch to a final washing plant (lanehute) on shore, while 
hutch products from other eompartmeiite return to the deeliniing sump. Fig 882 shows jige and 
claMifiers on a dredge of Ilantau Tin Dredging Co; flow-sheet differs slightly from the above; many 
variationa in flow-sheet and arrangement of machines are possible. 
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_ Clanl8«r. Fi* 881 shows the Newsom double-eurreat classifier; length, 13-16 ft; 
wntli. 6 ft; 3 tows of discharge hoppers, each 2 ft aq at top. It has large eapac; 1 machine 
baa successfully bandied 300 eu yd of sand (without clay) per hr. Water required, 2 600- 
4JXM) gal per min, depending on veloc of currents desired. 



apron A, pawos under adjustable gate B, and enters classifier through feed 
•lot C. Fresh water enters through pipe J> into pressure-box £, tbenoe through grid F into body of 

otassifier. 

RecoTery by classifier-jig system, 90-95%; concentrates run 20-60% cassiterite, 
depending on kind of ground and skill of operators. The high recovery and large capae 
of this type of dredge is because the bulk of the cassiterite usually comes down in the 
classifier with the coarse sands, giving a product that can be jigged rapidly with low loss. 



chute I 


1 



Fig 882. Bantau Classifier-jig Tin Dredge; Outline Deck Plan, showing Arrangement of Equip- 
meat. 1, trommel; 2, eleasifiers; 3, coarse jigs: 4, fine jigs; 5, settling cone to remove water from 
huteh products; 6, cleaner jig. Classifiers are high enough to feed jigs by gravity. Arrows show 

direction of flow. 


As there is a relatively smaller vol of material discharged from the later spigots, fines can 
be treated slowly and carefully on a small number of jigs. 

Jig dredges without classification have advantage of simpler operation, all jigs being 
adjusted alike, but yardage treated per jig is lower and tailings losses are higher than for 
properly operated classifier-jig dredges. 

How-shset is typically as follows: Material from buckets passes through a trommel with S/g-in 
oimnings; oversise to tailing; undersixs divided equally among 12 jigs (115 rpm, stroke Vs in). AU 

















10-628 PLACER MINING METHODS 

iiK ♦»<«"■■ go direct to weate. All hutch producto go to a deeliining cump and thence to 1 d^er 
iig haviM 6 compta, each 2 ft wide by 3 ft long; (180 rpm, stroke 1/4-3/8 «)• ^ T^ng from 
cleaner jig goee to waste; Ist hutch to a final washing plant (lanchute) on shore while hut^ products 
from other compta return to desliming sump. Many variations in flow-eheet are used; for exwple 
Dorr classifiers to remove slimes, sand from classifiers going to jigs If gro\md contains clay, disin¬ 
tegrating knives running at high speed may be placed in trommel, or trommel oversise may pass 
through secondary puddlers (Art 132b, Clay puddling, type e) followed by desliming cone (see flow¬ 
sheet for clay-working dredge, below.) 

Clay-working dredges are frequently necessary, because values are often in toug^ 
residual clays. The first attack on such ground was with standard dredges, which prov^ 
unable either to dig it rapidly or to extract the values efficiently. Recent dredges, built 
especially for such ground, are very effic. 

yiow-sheet covers a dredge built in 1938 which has handled over 400 000 yd a month. Ground is 
spotty; barren olay, clay carrying substantial values, sand, and alternating thrn layers of clay and 
sand. To make yardage, the dredge was designed to handle all of this ground at full bucket-line 
capacity. Because of barren spots and occurrence of pure sand in places, the flow-sheet is flexible, 
with provision to by-pass material when desired and to change the treatment routine in other ways. 
Buckets of 13.5-ou ft capac, turning 18 per min, deliver the material to primary trommel. When 
digging clay, an automatic 3-arm clay extractor is swung into place at the upper tumbler, where it 
scoops the elay out of each bucket as it comes over. The primary trommel is 9 ft diam by 36 ft long, 
with screen perforations 1/4 by 6/8 in- Undersize goes to settling tank, described below. Oversise 
may be by-passed to pond behind the dredge or put through the clay disintegrating serwn, 9 ft diam 
by 28 ft long. The walls of this screen are manganese-steel grids with openings 4 by 6 in. Inside is 
a puddler shaft, .54 rpm, with blades 4 ft long. Oversize from the clay disintegrating screen goes to 
pond, undorsise to two secondary puddlers (Art 132b, Clay puddling, type e). Discharge from the 
secondary puddlers passes through two secondary trommels 4 ft diam with 3/8>in screen openings. 
Trommel oversise is rejected, undersize drops into 2 Dorr tiassifiers 8 ft wide by 30 ft long. Slimes 
from the Dorr classifiers are rejected to the pond; sands aie discharged onto conveyer belts which 
deliver them to the upper 3 primary jigs on each side of the dredge. 

Sand from the main trommel (see above) goes to a settling and desliming box 22 ft long. Slimes 
are discarded, sands divided among 14 primary jigs, 7 on each side of dredge. Beudelari 4-cell 
diaphragm jigs, each cell 3 ft 6 in sq, are used throughout. Tailings from primary ji^ are rejected. 
Conoentrates are deslimed and then go to cleaner jigs, one for each bank of 7 primary jigs. Tailings 
from cleaner jigs are rejected. First-cell liutcli product is taken ashore to tin shed (see Final con¬ 
centration, below). Hutch products from the other cells of cleaner jigs return to heads of these jigs. 

Jigs were originally 4-compt Cooley jigs (Harz ijiie) of stcol; plunger and sieve compta 
each 3 ft wide by 4 ft long. Lately, other typos have been used, mainly low-head jigs 
with pulsation device in screen compt, thus saving floor space and wt. Screens are 
punched plates with slots i/ie-l/s in wide. Hutch water added, usually 60 gal per min 
per cell. Speed and stroke vary, 115 rpm and 6/g in being typical. Drops between jig 
beds are 2-4 in. Beds are usually 4 in thick, of hematite sized below 0.76 in. Iron punch- 
ings sometimes used for jig bods. Jig capac on classified product is about 1 cu yd per 
hr per in width of bed; considerably less for effic work on unclassified feed. Many oper¬ 
ators in Malaya place jig screens on even slope from head to tail. The beds are then held 
in place by transveise 4-in baffles. Advantages: stops boiling on jig beds, speeds the 
travel of material, thus raising capac, but at the cost of effic. Disadvantages: very 
loose bed at lower end of cell and packed bed at upper end, with resultant low-grade 
product. Stroke must be short, to hold bed on lower end of cell. This sometimes causes 
packing of whole jig and total loss of values from that Jig. 

Costs. Sluice dredges cost less than jig dredges, but their capac is much smaller; 
hence, both first and operating cost of dredges equipped with jigs is much less per cu yd. 
Sluice-box type, common in Malaya up to about 1926, treated a max of 100 000 cu yd per 
dredge-month at lOff (U S) per cu yd. The modern dredge, equipped with jigs, treats 
260 000 to 460 000 cu yd per month at 64 f (U S) or less per cu yd. This illustrates the 

great improvement in 
dredging since 1926, 
when the first classifier- 
jig dredge was installed 
by Yukon Gold Co. 
Tables 163 and 154 give 
details of 2 jig-typ« 
dredges, fairly repre¬ 
sentative of current 
practice in Malaya (G. 
W. Coffey). 


Table 153. Malayan Ttn-dredging Data (1937) 



Time opf .-r.ted 


Cu yd per 

Dredge 


% of total 
time 

Cu yd mined 

aver dredge- 


Hours 


month 

A . 

7 495 

8*. 6 

2 871 100 

239 000 

B . 

7 512 

05.8 

3 47U 400 

289 000 

Total or aver. 

. 

15 007 

85 7 

6 341 500 

264 090 
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Table 104. Bistribntion of Working Coete during Operatlona in Table ISS 


Item 

US^ 

percuyd 

%of 

total 

Item 

US^ 
per euyd 

%of 

total 

European staff. 

Native labor. 

Power (a). 

Material and suppliee. 

Replaoemente. 

0.64 

0.90 

1.15 

0.B4 

0.33 

0.12 

0.01 

0.06 

12.63 

17.95 

22.82 

16.79 

6.57 

2.44 

0.26 

1.21 

General expense (e). 

Auto and truck expense. 

Transport (employes). 

Drilling (prosp^ing). 

MiaceUaneous. 

Total. 


14.22 

0.37 

0.97 

2.24 

1.51 

T.<in>l . 

5.03 

100.00 

Insurance. 



(a) Cost of power, approx. 1.0^ per kw-hr. (b) final oonoentration on akore. (c) Not includ* 
ing dredge depredation nor home office expense. 


Final concentration. Dredge concentrates are taken ashore and raised to atandard grade in 
lanchutes (built of concrete) and by jigging with hand sieves. This is done by oontract; usual pay. 
50^ per picul of clean concentrate. Capac 'if lanohute in final concentration, 700 lb eassiterite per 
8 hr. Jigs are sometimes used to lighten the load on lanchutes. Tables, vannera, etc, often tried, 
have failed. I.Anchute middlings containing pyrite are dried, roasted and rewashed. Magnetite, 
scheelite, monaaite, etc, are sometimes extracted by magnetic separators, but only in small quantiUea 
from low-grade ore. Final concentrates are dried, sacked, and shipped to smelter or sold to buyers. 

Marketing. Malayan tin smelting industry is concentrated in Singapore and Penang, 
because refined tin is cheaper to transport than the more bulky eassiterite; also because 
of heavy export duties on ores shipped outside of Malaya. Smelter contracts usually call 
for delivery at smelter, but ore is weighed and sampled at the mine. Smelter charges are 
about $19 per ton of ore, based on 74% tin, with deductions for lower assays. Payment 
is at market price on day of delivery to smelter agent at mine, or any subsequent day 
fixed in advance, but within 14 days of delivery. Penalties are charged for 6, As, Pb, Cu, 
Bi, Sb, if in appreciable amounts. Other realization charges are freight, which is very 
low, and a gov’t tax which varies (8-13% ad val) with the market price of tin. Total 
realization cost, including this tax, freight, smelter chargee, and ocean transportation of 
finished product, averages about 15% of New York price. 

Malayan weights and money. Many companies report values in “ katis” per eu yd, ore produo* 
tion in “ piculs," and costs in Straits cents per ou yd. Equivalents are as follows: 

Weights Money (at par of exchange) 

1 kati » I l/slb I Struts dollar 100 Straits cte 

too katis •• I picul 133 l/j lb I Straits dollar •.> 2a 4d 

16.8 piculs V I long ton 2 240 lb I Straits dollar 56.776 U S cte 

For additional information on Malayan tin mining, see Bib (645, 684, 685, 686, 687). 
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GBOPHTSICAL PROSPECTING 


Geophysical prospeetinc aims to eetsblieh the exietenoe, pontion and boundaries of 
mineraUsed areas and geologic structures, or obtain other information of economic or 
scientific value. It utilises the gravimetric, magnetic, electric, seismic, and thermic 
properties of rooks and minerals, natural to the ground in question, or produced arti> 
fically. Under either condition, properties of different materials relative to one another 
are significant. Two factors, applying to both country rock and mineral deposits, are 
most important: (a) kind and amount of material; (b) its geometrical form. 


1. GRAVIMETRIC SURVEYS 


General. Purpose of these surveys is to measure small local variations (anohaubs) 
in the force of gravity, as caused by salt domes, dikes, faults and anticlines. Differences 
in density of the formations, as well as their geometrical forms, control the size of these 
anomalies. Since the geol features are very small compared with the earth’s volume, 
the anomalies are correspondingly small. The gravimetric field unit is the qal (Galileo), 
the strength of a gravitational field that will act upon a mass of 1 gram with a force of 
1 dyne. Thus the earth’s field is equal to about 98U gal, whereas the anomalies are of the 
order of 1 milligal, or approx a millionth of the earth’s field. I'he limit of accuracy is 0.1 
milligal; constantly changing celestial and terrestrial disturbances mask smaller anomalies. 
Most surveys are made w'ith pendulums and gravimeters. Pendulums are used at single 
locations in connection with crystal clocks for determining absolute values; for differences 
in gravity, they may be spaced several miles apart. Gravimetebs determine change of 
gravity directly from measured changes in their spring extensions. Observations take 
about 20 min per station. Measurements start at a base station, preceded by pendulum 
observations. Base stations are about 25 miles apart, and serve to tie in larger areas. 

Gravity fields. Older methods called for use of the Eotvos torsion balance, measure* 
meat of gravity gradients being in tenns of EOtvOs tiNiTS, one unit representing a change 
of one millionth of a milligal per centimeter, equivalent to 0.1 milligal in 1 km. In the 
equation of the gravity field, certain coefficients permit evaluation of the change in 
gravity field. 


If V is the gravity potential, then — is the gravity component in the s or vert direction. Also 

vZ 

lx 

change 


is the change of the vert component horisontally in the x direction; and is the 


of the vert component horisontally in the u direction. The resultant value 
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the rate of change of the vert component horisontally in direction of the 
th> Sh 


The function tan S -i- TT* gives the direction of this horis gradient. 

SiSy itSx 

Theae values are determined from the torsion balance deflections in various asiinuthal positions. 

. . . . **» **» /I 

A second function, the curvatubb ruNcnoN, has the form -1. where g la 

iy* ax* \pi n/ 

the value of gravity and pi and pj are the mas and min radii of curvature of the equipotential surface 
at point of observation. DimenaioiiB of this unit are the same as for the potential gradient. It is 
sometimes referred to as the 11 D T (“horis directing tendency"). The value of this function beara 
somewhat the same relation to the vert gradient as the horis magnetic variation bears to vert mag- 
netie variations; increase in its value shows the proximity of an anomaly. Fig 1 ehows anomalies 
for simple eonfigurations; the full line gives the gradient values, or vert variation of gravity per unit 
of horis distance; the dotted line, the H D T, or curvature function. 


The geol interpretation of gravity anomalies is made by comparing observed curve* 
with theoretic curves for ideal bodies. Such anomalies may be defined by the rate of 
change of the vert component, horizontally and in direction of the max rate of changa 
ih 

(the full line in I<1g 1); the dotted line ehows the value of the curvature function 

■tt-a for the same anomaly indicated by the hatched cross-sec. Theae cross-sectiona 

resemble the geol formations and the observed gravimetric gradient and curvature func* 
tiona in Fig 2. 
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Fin 1. Theoretical Gradient and Curvature 
Anomaliea cauaed by Geologic Couditiona (1) 


Fig 2. Common aimple TypM of Qeologio 
Structure and Their Gradient and DilTereaual 
Curvature ITuhlee (2) 
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Vector reUtiona of grodient mud curvoture (Fig 3) art connected by the velnee of ontfl d oad dr 
The value of d ie given above; that of dj foUowa front the relation 

tih 
My 


tan 2ds — 




_ ^ 

5yi tgi 

Computation of anomaliea ie not always difficult. In Fig 4A, the gradient is ^ G « 2 yv logs 
vdiere e « density and v is a factor depending on the units used. In Fig 4fi, 

G — 27 V ^(sin 9 cos d)(cra — ai) — Uiiit*d} logs 
the sense of the angle 0 being from OA to PiPa 



To interpret the anomalies, charts are used (Fig 5), by which the anomaly at a given station due 
to a geol body may be compute graphically. Each dot represents a unit effect at the instrument O, 
for material of unit density. A scale drawing is made, showing a vert sec through the ground along 
a plane passing through the station center and perpendicular to the long ails of the body. A trans* 
parent-dot chart is placed over the drawing, its center coincident with the instrument location on the 
drawing. The unit value of each dot is then multiplied by the density of the material over which it 
lies; their sum is the gravity anomaly at O. Observed anomalies are compared with graphically 
computed anomalies for geol bodies of various kinds, shapes, sixes, density distributions, and dis¬ 
tances, until the correct combination giving the curve type is found, each type having its own chart. 



Fig 6. Eumple of Network for ECtvfie Calcula¬ 
tions (1) 


Fig 6. Block Diagram of Terrane around a 
Torsion Balance Btation (3) 


Separate charts are u,<£-d to determine gradients and curvature functions for different axial extents 
of the geol body. Fig S shows a chart for graphic computation of the curvature function for bodies 

S^v 9^ 

ha ving an infinite extent perpendinilar to plane of the chart; B — A ^ — ^and2£r • 

To determine the val'ie of deep-flt*ated anomalies, the local mass distribution of the 
ground must be corrected. Correction factors for sectors immediately around the torsion 
balance (Fig 6) must be computed, by a chart like that in Fig 7. The ground is surveyed 





GRAVIMETRIC SURVEYS 
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•8 in Fig 8, and th« chart applied to each sector. The corrected results are charted as in 
Fig 9, adiich shows a gravity anomaly over a salt dome capped with anhydrite. The 
gradient arrows atotmd the margins of the dome point towards the center: farther away, 
the direction is reversed, since the density of salt is less, and that of the cap rook greater, 
than that of the surrounding material. The lines without arrows represent direction and 
magnitude of the curvature. 

Apparatus for gravity measurements. The torsion balance was first used to measure 
gravity anomalies. The observations require a long time, since 5 azimuthal positions 
must be observed at each station; shortened to 3 by using a double balance; 2 stations 


160 200 SCO 600 



per day for 2 men are usually the max. With gravimeters, readings can be taken every 

20 min, measuring the change of the vert component of gravity S = y ; level data are 

oz 

needed for each station, accurate to less than 0..‘> ft to preserve the limiting accuracy of 
0.1 milligal, since a 1-ft difference of elev corresponds to 0.2 milligai in the vert component 
of gravity. 


Pendulum stations at intervals of 25 miles are probably most accurate for measuring differences 
ia the vert component By using photoelectric cells and wireless to transmit the pendulum's posl* 
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tioD to a tommoa atatioo for oaoillographie raoordiiig, with a timing interval on the reeord of 1 eai 
per 1/800 aee. differeneei of 0.1 milligal can be meMured, each meaeurement requiring about 80 



Fig 8. Topographic Map of Terraue Effect for Northeast Octant (3) 




Fig 9. Qrsvimetrio Anomalies due to a Salt Dome (4) 

min. Charts of equal gravity differences, plotted in iso-gals, give a clear picture of salt domes and 
other gcol formations 
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2. MAGNETIC SURVEYS 


OuteraL Mj^netio exploration ia the oldest geophsrsieal method, dating to the 17th 
eentuiy; it is based almost excliisively on measurements of the earth's natural magnetism. 
Origin of the earth's magnetism is unknown, although its lack of constancy, which bears 
no ration to geologic bodies, has been explained. Magnetic surveys employ the ordinary 
compass, together with more precise magnetic instruments. The 2 factors measured are: 



Fig 10. Correlation of Vert Isograms 
with Zone of Mineralization (6) 


Fig 11. Dip Needle parallel with Magnetio 
Meridian (0) 


change in direction and intensity of the magnetic field. Change of direction in a horiz 
plane is a change in dbcunation; that in the vert plane is a change in inclination. 
Declination measurements can be made with an ordinary compass, to which sights are 
attached for maintaining a constant direction. Inclination cari be measured with a l»l- 


anced needle swinging vertically in the plane of 
the magnetic meridian, as determined by com¬ 
pass. This instrument may be called a dipping 
needle. The balance is tested by turning it at 
right angles to the magnetic field; the needle 
then assuming a vert position and deviating 
equal amounts from the vert for equal displace¬ 
ments in opposite directions from this right-angle 
position. The results are charted as profiles, or 
as iso-declination, or iso-inclination lines, con¬ 
necting points having same deviations. 


ic) 


Sec S-N 





Fig 12. Dip Needle perpendicular to Magnetio Fig 13. Survey of Hons Magnetio Intew 
Meridian (8) sity, Valmont Dike Extension (7) 


To measure changes in intensity of magnetism, the unit is the oamma, or 10~* cgs units. 
The old-type dipping needle is sensitive to about 2 000 gammas per degree; improved 
instruments to about 200 gammas per degree. The dip needle outlines satisfactorily a 
magnetite deposit, as that in Fig 10, where the anomalies are large. 

Dip needle. Two methods are followed, (a) That shown in Fig 11 places the plane 
of swing of the needle in direction of the magnetic field. The vert component of the 
field, governed by a single p;,ie, has a max directly over the magnetio pole, whereas the 
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max of tile boriz component, havinc a value leas titan that of;ihe vert max, lies to one side 
of the po^e. Hence, the needle's deflection is not always directly over tiie poles, but is 
^set so ^t the ore lide under tiie more gently slopang sUe of the magnetic prciile, Pig 11. 
16} If observations are made with the needle swinging in a plane at right-angles to the 
magnetic mendian, oidj^ the vert component is effective, and themax deflection will coin¬ 
cide with the position of the magnetic anomaly (Fig 12). A non-magnetio tripod, which 
permita proper orientation of tiie needle, is best. 


Magnetometer, for meaeuring variations in vert magnetic intensity, uses an ordinary eompaee 
to determine the horiz direction of the magnetic field, and then places the meaeuring system, eimilar 
to a dip needle, at right-angles to this position. This is done by the Hotchkiss Superdip and the 
Schmidt variometer. The Thal^-Tiberg magnetometer and its simplification by Brunton permit 
mmaureroent of variations in horis magnetic intensity exceeding 200-300 gammas. The anomaly 
of a'basaltic dike in shale, as mesisured by a hori,s Thalen variometer, ia shown in Fig 13. The 
dotted^ine indicate the anomaly after correction for lengUi of the defieeting magnet. Modlfioations 
by the Askania Corp have made the movement sensitive to 20 gammas by a design reaembUng a 
chemical balance. Further refinements eliminate the temp coefficients, and permit observations 
to the order of S-.*! gammas. Practically, little added information can be expeoted from further 
increasing the sensitivity of magnetic instruments. 


Analyses of magnetic measurements are probably approached most simply by adding 
geomotrically the effect of the space distribution of magnetic poles. Variations in vert 
intensity and those of the horiz component 
both require consideration. Fig 14 shows 
the anomaly caused by induced N and S 
poles. Fig 15 shows that the inclination of 
the poles changes the character of the anom¬ 
aly for both vert and horiz intensities; in 
such case the max vert component is neare.st 


Vert component 
y North pole 


/ /I 

rv X Reitnltaoi Tcrt 
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\ s y component 
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Vert component 
South pole 


Borif. component 
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Horiz component 
NorUi pole 


Fig 14. Theoretical Anomalies for Vert Dike of 
Finite Length (0) 



Vert component 
SouUi polo 


N 



_ Vert component 

Boriz component 


- North pole- 

-Soutta pole ' 

Fig 15. Theoretical Anomalies for IKkee of 
Finite Length (5) 


the source of the anomaly, whereas the max horiz component is not directly over the 
pole. 

The character of the fun. t.on representing magnetic intensity depends on polarities and strength 
of the induced poles, and their distribution over the body producing the anomaly. If the body par¬ 
allels the earth^s field and baa infinite vert extent, as a narrow dike in the magnetio meridian or a 
volcanle pipe parafleling the magneti- resultant, only the magnetic poles induced on top of the body 
need be eonsidered, since the poles on the bottom are so cflstant as to be negligible. Magnetio 
intensity'll a narrow dike is repr>jsented by an Inverse first-power function. In case of the volcaiue 
pipn, the ptries on top are regarded as a point sooroe, the magnetic intensity being represented by an 
iavSrae<e<tMara function. If the body is a sheet of finite thickness, so that poles of opposite polarity 
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ipdiuMd OB uppar Kod ]ow«r BuifBow of th« body wo both ot fimto diotaiiooB from tiio ourfoM and 
honoo botfa offootive in detenniniw tfio iatonaity. tho funetion is aa invana>-cHte. Oonocallyi aho 
iatooaitir luturtiatn ia oorntdioated by gaomotrioal andintenaity fanton bavinc no oomaBan nOatiao. 

s Fig tfi diows that the elemwita oausing the 3 funotiona do not produoe different types 
of anomalies, .but only differoit intensities. Unless form of the body ia temwn, eonreot 
interpretation is 4iifioiilt. Fig 17 shows the magnetic profile across a nickel orebody, 
striking £-W. The theoretical vert anomaly indicates the function to be less than 

Poaltlre polarity 


Neyatlre polarity 
Horiz Component Vert Component 

Fig 16. Variation in Magnetio Components for DikCa, Poles, and Sheila (8) 

1 -1- d, because the poles are distributed over the sides separated by the dike’s width. 
If the strike of the dike were N-S, the top only would enter the computation, which would 
be for a simple inverse function. The horiz component, measured by a variometer, shows 
the general anomaly at about 100 ft N of the pole. The incongruent portion of the horiz 
magnetic curve south of the dike indicates another of smaller size, which could not have 
been found by the vort magnetometer alone. 


Fig 17. Comparison of Observed and Competed 
Curves of Vert and Horiz Magnetic Intensity 
Variations (8) 

To ascertain the shape and depth of the source of magnetic anomalies requires knowl* 
edge of magnetic field theory. In case of a dike, relatively simple relations can be used 
(Fig 18). At any point P of the traverse, erect PK, passing through the anomaly curve. 
About a center C on PK pass circle PN', with radius 
CP equal to 0.5 MN, through point P and tangent to 
the base line. Through K pass line KK' perpen¬ 
dicular to PK and MN, intersecting circle PN' at N'. 

Extend N'P through P to lino NM extended; inter¬ 
cept MO gives the depth. Similar construction start¬ 
ing at other points on the magnetic profile should ci^^'ncnt 
check at same depth. An understanding of magnetic 
theoTsr is necessary to determine the mode of analysis 
best suited to any particular case. 

If the country rock is magnetic and the orebody is 
not,^the body is defined by a reverse anomaly. Fig 
19 i^ows a hematite body bordered by magnetite in 
slate. The magnetite causes the vert components to 
show a max on each side of the body and a magnetic 
low over it. In soma places, faulting has caused the Fig 19. Typical Magnetic Anomalies 
loss of a vein (Fig 201. Here, surveys of the vert for Conditions as shown (5j 
magnetic variatiohs Indicate the displaced position of 

the orebody, and the amount of shift along the fault; a magnetic high on the edge of the 
vein charaoterisee the formation. Local measurements often show features of an area 
d^nitely outlining magnetioally different rooks related to the vein. 
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MMn«Uo varistims mamstimm relleot diMiiaa of olov of tho oryatoIUna baaomont. In anob am. 
raya, very email but important anomaUea aziat: great oara ia neaded to avoid faiaa obeervatlonBf 
ainoa tha meaauremant iavolvaa diiferenoea of only a faw gammaa. Aa diurnal vaiiatiooa ara often 
far greater than the anomaly, a baaa atation ia uaed with a aeoond inatrummit to ipve the proper eor- 
reotion for the time of each obaervation. Magnetic atorma often prevent aueh work. Ho^ aadi- 
mmtary formationa free from folding may contain conaiderabla magnetite without greatly altering 
the picture of the underlying baaement rock, if the magnetite ia uniformly diatributad over tha area. 



Fig 20. Detection of Horia Faulting by Magnetic AnomaUea (5) 


Field operation. Traverses are run with stations at intervals less than width of the 
anomaly sought. Cost of the work depends largely on the spacing of stations. In oil 
surveys, where stations are 1 mile apart and the section corners difficult to find. 13 stations 
may constitute a day’s work; on open profile lines, more than 100 observations can be 
made per day by an observer and assistant. When using a horiz magnetometer, correc¬ 
tions are necessary for the effect of vert intensity. Fig 21 is a chart for this purpose, pre¬ 
pared by U S Coast and Geodetic Survey. 

3. ELECTRICAL METHODS 

These methods are in 2 main groups: (a) Self-potential methods measure the natural 
potentials of the ground; (6) induction methods measure artificially-applied currents and 
potentials. 

Self-potential methods have been widely used. The elec field is of chemical origin 
and the methods are especially adapted to oxidizing sulphide deposits, the manner in 
which oxidation occurs determining the polarity. Oxidation at the top produces solutions 
that are positive with respect to the ore. Ore at depth may be positive or negative, depend¬ 
ing on location and quantity of oxidized substances in the material at the point of reference. 
Oxidation is controlled by seepage of meteoric waters containing O. Where deposits are 
active and near the surface, differences of 500 millivolts may occur over an interval of 
100 ft. Potential differences at the surface are common and often due to differences of 
concentration of solutions acting as concentration cells. These are of the order of 20 
millivolts in 100 ft. The poles produced by deposits at increasing depths eventually 
become indistinguishable from those present from other sources. 

Care must be taken in making natural-potential surveys to avoid variable ground potentials, 
which may originate in auroral dischargps, artificial sources, or magnetic storms. Fig 22 shows a 
section acroes a sulphide deposit undergoing oxidation from the top. Ground contacts are made at s 
and e' by non-polarising electrodes, and the potential difference is measured by potentiometer P; 
conduotor L completes the circuit, 

n«ld aurTsys. There are 2 methods; (a) using a comparatively short distance 
between e and s' (Fig 22), most useful where the terrain is difficult; (b) keeping 1 electrode 
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FSc 21. Linw of Equal Macnetie Vertical loteneity, and of Equal Annual Chance in the United Statee, 1S36. (U S Coaet and Oeod Burr) 
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c' fixed and gradually iaereasing interval L. In Fig 22 L ia ahort, and the leading ground 
oont^ e advancea the aame diatimce for each obaervation, the trailing dieotrode being 
placed on the point previously occupied by the leading eleotrc^e^'hence, there it a reveraai 

wer i^ . .. .. 

. Thefieid is hest^laid.ijff in paa^allfli tcaveraeB,.^'’wMeh ih« potentials are jdbtted as'lii 
Fv 23. Differeneee in phthhtial betereeh aome spe^e point and points on the sepemte. 




25. Spacing of Electrodes for Fig 26. Principles of Ground Resistivity 

Ground Resistivity Measurements Measureiurnt (10) 


and associated minerals; •c.ss applicable to magnetic oxidee. It can not be used to prospect 
for non-conductors, as spbtilerite, cinnabar, and stibnite. 

Electrical ground resistivity. Correlation of thia to geology ia well recogxtiied; 
investigationa have provided solutions of problems relating to geol formations and 
structures, even where few am face indications were available. 


In this method, the earth is regaided as a mediiin] having oliniic resistance, and much work has 
been done regarding the distribution of currents and iKitcntials. Practical results often give enough 
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4»haoMmtia Utavmpan. KhubawtfoH&d thy^t jMrtunfsietoi«iDMia«ilMaW>ti>*)*'ira ot okmie 
eoaduotivity aa to put tli«or«tio eonelusiona ot variance with phyaioal obeetvationa. Sueb faetora 
are the non-uniformity of reaiativity with current denaity, aniaotropy, the oomblhction pf elootro- 
JbrUe aettrjyty a aayia te d with ohmic eonductivity* and the channeling of thg onrrent inatepd ot a 
uniform diatribution through the medium. Hence, a simple number, neither exact not aver, called 
apyABurT onotrirn nnaiaTiviTra is taken an an index and computed on the aaaumbtion of a 
aimide diatribution of currents and voltages in a uniform isotropic medium. 

I 


Two methods for measuring the apparent ground resistivity are: (o) Schlumberggr 
places the current electrodes in the ground very far apart and measures the earth resist!vi^ 
near one of the contacts, neglecting the effects of the distant electrode; (h) a method fimt 
used by Wenner makes equal spaces between current and potential electrodes (Fig 25). 
This has been modified by Lee, who introduces a &ird potential electrode Pa, midway 
between Pi and Pt, permitting ground comparisons, determination of geol continuity, and 
elimination of surface resistivity anomalies not related to deeper fonnations. Jfig 26 


shows the general principle of the modified 
Wenner method. The effective field penetrates 
deeper into the ground when the battery contacts 
are moved farther apart. The ground around 
the electrodes is excluded from measurement and 
the mid-section divided into 2 parts m and n for 
comparison. Peeper observations are made by 
gradually separating the electrodes, keeping point 
A fixed (Fig 27B). As new material is encoun¬ 
tered (Fig 28, a, b, c) the apparent resisirnty 

To Instmmcat 




Fig 27. Stake Layout for Measuring Resistivity. A 

azm B, for increasing depths at one point. C, for con- Fig 28. Effect of Increasing Depths ou 
slant depth along a line (11) Resistivity Curves (11) 


varies with the elec resistivity of the deeper material. It may often be preferable to 
maintain a fixed spacing and move the whole elec configuration along a line, as in Fig 
27C, for discovering lateral changes of ground material. 


Fig 29 shows application of this method for determining gravel beds, illustrating the changes in 
apparent ground resistivity with depth. The gravel has high resistivity, causing the curve (Fig 29A) 
to rise rapidly after it is encountered at a depth of 18 ft on the N side of the instrument. Bimilar 
conditions exist on the S side, except that the resistivity is losver, indicating more silt. The bed 
extends to depth of 30 ft before meeting clay. The second pair of curves (Fig 2d£l) indicate uni¬ 
form ground, containing no gravel to depth of 48 ft. In the method of ground measurements shown 
in Fig 30, the current contacts can be made regardless of polarisation, whereas the potential oon- 
taots are best made with non-polarisable electrodes. Reversing kwitches in both the current and 
potential circuits are needed to eliminate natural ground potential. If variable ground currents are 
preeent, commutating devices operating simultaneously on both current and potential circuits, as 
used by Gish, are preferable; but commutated current is disadvantageous, owing to the email 
amount of current used on high-resistance ground, compared to the charging current. Also, for 
great depths, the skin effect, or lack of current penetrations, is a limiting and disturbing factor. 

Sim^ mathamatical relations. For a simple isotropic medium the relation between potential 
and current is (see Fig 25): 

F ^ 1*^ — .1 _ f .1 j, where Y « voltage between tbe potential aleotrodea. Pi and Pj; 

Zv Uri rs ri rs-J 

I — current in amperes applied to the giound: rj »• distance Pi to Ct, cm; rg > distance Pi to Cj, 
cm; ra — distance Ps to Ci, cm; rs » distance Pg to Cs. cm; w 8.141A; p — resistivity in ohm- 
centimeters (ohms per cubic cm). 
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la tba WeniMr ooaficuimtioni CjPi P\P% Pifft • Oi ukd tin abora fonanla xodaov ta 
p » 2ra Y ohai-oantiin«ttra. 

Ib th* Loa Mafiguntfam. CiPt « 3 i*iPe - 8 P»Ps - Pjflt - a, oad «Jm obova formula raduoaa 
to# - 

If a ia moMured in ft, # « 191.S a y ohm-oantimetaia for tha Wannar oonfiguratioB; # S8S a y 
dhm-oantimatera for tha Laa oonficuration. 



Apparent depth, ft 



0 e U U 24 so 36 42 i 

Depth, ft 

Pi* 29. Typical Reaistivity Curvea in Humboldt 
Baain, Nav (10) 


Pig 30. Circuit Diagram for Earth 
Resiotivity Meaaurementa (12) 

Ba •« 220-volt "B” battery 
Cl, Ct — current atakea 
Pii Pli P| ■■ non-polariaing potential 
electrodea 

5], St reveraing a witehee 

i$i awitch connecting PiPa 

or PiPt with potenti¬ 
ometer 

MA ^ milliam meter 
P — potentiometer 


Mmaaramant of depth of overburden by the elec superpoaition method of Roman. 
It is often desirable to measure this depth, which can be done if overburden has uniform 
elec resistivity, if bedrock is at least as thick as overburden, and if the resistivity of bed¬ 
rock differs from that of the overburden. 


•300M 
-16000 
-12000 
-MOO 
-4000 

Depth, ft ^ 

~200 ioo 600 8 o 6 ~iooo 

Fig 31. Reaiadvity Curve as 
Maaaurad (13) 
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Pig 32. Resistivity Curve Plotted 
from Conversion Table (13) 


Details for an example .li sand and gravel on clay are as follows; 

(A) Using the Wenner ot other suitable electrodes, obtain a resiativity-depth curve (Fig 31) by 
changing the spacing. 

(R) Reptot (Ilia curve logarithir.ically (Fig 32) from Table 1 for both axes; OR is mantimia of the 
log of the number NO. In Fig 3i, depth 400 ft and resistivity 18 000 are coordinates of first point; 
corresponding logs, from TabU 1, are 2.602 aud 4.25S, where .602 and .255 are the mantiiwMi in tha 
table; 2 and 4, the characteristics for 3 and 5 digit numbers respectively. If the curve rises to the 
right, the underlying bed is an insulator; if the curve fails, n conductor. 
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Table 1. Plotting Table 


’ JVO 

OR 

m 

OR 

ffO 

OR 

NO 

OR 

NO 

OR 

NO 

OR 

NO 

OR 

NO 

OR 

NO 

OR 

100 

fffl 

200 

301 

300 

477 

400 

602 

500 

699 

600 

778 

700 

845 

800 

903 

900 

954 

105 

021 

205 

312 

305 

484 

405 

607 

505 

703 

605 

782 

70S 

848 

805 

906 

905 

957 

no 

041 

210 

322 

310 

491 

410 

613 

510 

708 

610 

785 

710 

851 

810 

908 

910 

959 

115 

061 

215 

332 

313 

498 

415 

618 

515 

712 

615 

789 

715 

854 1 

815 

911 

915 

961 

120 

079 

220 

342 

320 

505 

420 

623 

520 

716 

620 

792 

720 

857 

820 

914 

920 

964 

125 

097 

225 

352 

325 

512 

425 

628 

525 

720 

625 

796 

725 

860 

825 

916 

925 

966 

130 

114 

230 

362 

330 

519 

430 

633 

530 

724 

630 

799 

730 

863 

830 

919 

930 

968 

135 

130 

235 

371 

335 

525 

435 

638 

535 

728 

635 

803 

735 

866 

835 

922 

935 

971 

140 

146 

240 

380 

340 

531 

440 

643 

540 

732 

640 

806 

740 

869 

840 

924 

940 

973 

M5 

161 

245 

389 

345 

538 

445 

648 

545 

736 

645 

810 

745 

872 

845 

927 

945 

975 

150 

176 

250 

398 

350 

544 

450 

653 

550 

740 

650 

813 

750 

875 

850 

929 

950 

978 

153 

190 

255 

407 

355 

550 

455 

658 

555 

744 

655 

816 

755 

876 

855 

932 

955 

980 

160 

204 

260 

415 

360 

556 

460 

663 

560 

748 

660 

820 

760 

881 

860 

934 

960 

982 

165 

217 

265 

423 

365 

562 

465 

667 

565 

752 

665 

823 

765 

884 

865 

937 

965 

985 

170 

230 

270 

431 

370 

568 

470 

67? 

570 

756 

670 

826 

770 

886 

870 

940 

970 

987 

175 

243 

275 

439 

375 

574 

475 

677 

575 

760 

675 

829 

775 

889 

875 

942 

975 

989 

180 

255 

280 

447 

380 

580 

480 

681 

580 

763 

680 

833 

780 

892 

880 

944 

980 

991 

185 

267 

1 285 

455 

1 385 

585 

485 

686 

585 

767 

685 

836 

785 

895 

885 

947 

985 

993 

190 

279 

290 

462 

390 

591 

490 

690 

590 

771 

690 

839 

790 

898 

890 

949 

990 

996 

195 

290 

295 

470 

395 

597 

495 

695 

595 

775 

695 

842 

795 

900 

895 

952 

995 

998 

199 

299 

299 

476 

399 

601 

499 

698 

599 

777 

699 

844 

799 

903 

899 

954 

1000 

000 


(O Template eurvea, Fis 33, 34, best plotted on transparent sheet, are provided. Two Rroups 
of master owes are given, one for high-resistanoe or insulator beds and one for iow>resistanoe or 


j-4te8lstlTlty Index line—^ 




iKBO 


MO 600 BOO 
Depth, ft 

Fig 33. High-resistanoe Bed (13) 

conducting beds. Table 2 gives values from which the master curves of Fig 33, 34 are plotted, and 
serves for plotting the templates on a larger scale. Care must be taken in plotting the observational 
curve (Fig 32), to see that the scale for a loga¬ 
rithmic cycle is the same as that on the template 
master curves. 

(D) Slide the template over the curve of Fig 
32, as in Fig 35, until the observational curve 
coincides approx with a master curve. In Fig 35, 
the curve falls along the conducting-bed master 
curve, having curve index number —753. 

(E) Depth index line of the template shows 
a value of 2.500 in observational curve sheet C 
(Fig 35). Using Table 3 for OR « 500, the cor¬ 
responding number is 316 and, as the character¬ 
istic is 2, the depth is 316 ft. 

(F) Overburden resistivity is obtained from 
the resistivity-index line intercept on curve sheet 
C, (Fig 35), in this case 4.440. The anti-log of 
this number being 27 600, the overburden resis¬ 
tivity is 27 500 ohm-cm. 

(O) Logarithm of resistivity of the bedrock 
equals .the resistivity-indes intercept, plus curve- 
index number, or 4.440 — 0.7.53 >■ 3.887, tbc 



200 


1000 1200 


400 600 800 

Depth, ft 

Fig 35. Resistivity Curve plotted from Con¬ 
version Table. Low-resistanoe Bed 


entilog of which is 4 800 and the reaiativity of bedrock is 4 860 ohm-cm. 
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Table S. Master Chart Data 
Low-remtanc« Bed 


Depth 


Reeiativity index numbera 


too. 

983.8 










200. 

969.7 




961.2 






300. 

944.8 


955.3 


966.1 


977 1 


988.3 


400. 

902.6 


921.8 


941.0 




980 0 

KTiin 

500. 

834.6 

851.8 

866.7 

885.5 

902.1 

918.6 

935.0 

951.3 

967.3 

983.7 

600. 

730.2 

760.7 

790.1 

818.5 

846.0 

873.1 

899.4 

925.1 

950.4 

975.3 

700. 

577.3 

631.7 

681.9 

728.7 

772.8 

814.6 

854.4 

892.6 

929.5 

965.2 

800. 

362.5 

461.5 

545.8 

620.0 

686 6 

747.5 

803.8 

856.6 

906.5 

954.2 

900. 

70.1 

256.8 

394.4 

504.9 

598.4 

680.4 

754. 1 

821.6 

884.5 

943.7 

1 000. 


45.9 

253.2 

402.9 

522.4 

623.4 

712 0 

792.0 

769.9 

755.0 

865.6 

934.5 

1 100. 


ISI.3 

330.7 

466.4 

582.4 


851 3 

927.5 

922.5 

1 200. 



94 6 

289 6 

436.3 

557.0 

Iftn 

841 4 

Curve function 
(Index No.). 


- 1279 

-954 

-753 

-602 

-477 

-368 

-269 

-176 

-87 


High-reaiatance Bed 


Depth 


Rcaiativity index numbera 


0. 

100. 

200. 

300. 

400. 

11.3 

21.4 
39.2 
68.9 

114.3 

100.3 


’ 75 ! 4 

11.7 
21.5 
38.0 
63 8 

' 52 ! 5 

24.7 

41.6 

30.9 

KkI 

10.1 

500. 

177.4 

156.0 


118.0 

100.2 

82.9 

65.9 

49.2 


16.3 

600. 

256.3 

226.0 

198.4 

172.2 

146.7 

121.9 

97.3 

133.9 

73.0 


24.4 

700. 

346.6 

305.9 

269.1 

234.2 

200.3 

166.9 

100.8 

67.7 

34.1 

VTiTiHbOTMII 

443.0 

390.5 

343.7 

299.4 

256.4 

214.2 

172.3 

130.2 

87.7 

44.4 

900. 

542.0 

476.0 

418.1 

363.8 

311.5 

260.2 

209.4 

158.5 

106.9 

54.2 

1 000. 

641.9 

559.8 

489.7 

424.7 

362.8 

302.5 

243.1 

183.8 

183.9 

62.8 

1 100. 

741.9 

641.0 

557.1 

480 9 

409.0 

339.8 

272.2 

205.1 

138.0 

69.9 

1 200. 

841 9 

718 9 

619 9 

531 5 

449 6 

371.7 

296.5 

222.5 

149.1 

75.2 


Curve funedon 


(Index No.). +1279 +954 4 753 +602 +477 +368 +269 +176 +87 


Table 3. Interpretation Table 


OR 

NO 

GR 

NO 

OR 

NO 

GR 

NO 

GR 

NO 

GR 

NO 

GR 

NO 

GR 

NO 

GR 

NO 

GR 

NO 

000 

100 

100 

126 


158 

300 

200 

400 

25) 

500 

3)6 

600 

398 

700 

50) 

800 

631 

900 

794 

005 

101 

105 

127 


■TTil 

305 

202 

405 

254 

505 

320 

605 

403 

705 

507 

805 

638 

905 

804 

010 

102 

110 

129 

210 

162 

3)0 

204 

4)0 

257 

5)0 

324 

6)0 

407 

7)0 

513 

8)0 

646 

9)0 

8)3 

015 

104 

115 

130 

215 

164 

315 

207 

415 

260 

515 

327 

615 

412 

715 

519 

8)5 

653 

9)5 

822 

020 

105 

120 

132 

220 

166 

pm 


420 

263 

520 

331 

620 

4)7 

720 

525 

820 

66) 

920 

832 

025 

106 

125 

133 

225 


325 

21) 

425 

266 

525 

335 

625 

422 

725 

531 

825 

668 

925 

841 

030 

107 

130 

135 

230 


330 

2)4 

330 

269 

530 

339 

630 

427 

730 

537 

630 

676 

930 

85) 

035 

108 

135 

136 

235 

172 

335 

216 

435 

272 

535 

343 

635 

432 

735 

543 

835 

684 

935 

86) 

040 

1)0 

140 

138 

240 

EEQ 

340 

2)9 

440 

275 

540 

347 

640 

437 

740 

550 

840 

692 

940 

871 

045 

III 

145 

140 

245 

176 

345 

22) 

445 

279 

545 

351 

645 

442 

745 

556 

845 

700 

945 

881 

050 

112 

150 

141 

250 

178 

350 

224 

450 

282 

550 

355 

650 

447 

750 

562 

850 

708 

950 

891 

055 

1)4 

155 

143 

255 

180 

355 

226 

455 

285 

555 

359 

655 

452 

755 

569 

855 

716 

955 

902 

060 

115 

160 

145 

260 

182 

360 

229 

460 

288 

560 

363 

660 

457 

760 

575 

860 

724 

960 

912 

065 

116 

165 

146 

265 


365 

232 

465 

292 

565 

367 

665 

462 

765 

582 

865 

733 

965 

923 

070 

117 

170 

148 



370 

234 

470 

295 

570 

372 

670 

468 

770 

589 

870 

741 

970 

933 

075 

119 

175 

150 

275 

188 

375 

237 

475 

299 

575 

376 

675 

473 

775 

596 

875 

750 

975 

944 

080 

120 

180 

151 

pm 

19' 

380 

240 

480 

302 

580 

380 

680 

479 

780 

603 

880 

759 

980 

955 

085 

122 

185 

153 

285 

193 

385 

243 

485 

305 

585 

385 

685 

484 

785 

610 

885 

767 

985 

966 

090 

123 

190 

155 

290 

195 

390 

245 

490 

309 

590 

389 

690 

490 

790 

617 

890 

776 

990 

977 

095 

124 

195 

157 

295 

197 

395 

24e 

495 

3)3 

595 

394 

695 

495 

795 

624 

895 

785 

955 

989 

099 

126 

199 

158 

299 

199 

399 

251 

499 

3)6 

599 

397 

699 

500 

799 

630 

899 

793 

999 

998 


Altemating-carrent and inductiTe methods, formerly confined exclusively to mineral 
prospecting, are now used also for oil. They aim to measure the reaction of a geol body 
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to the diance of a magnetic fi^d paosias through it. Usually they employ alterzuting 
magnetic Sdds with frequencies of 500 cycles per sec. The measured distortion of the 
original field, in phase and amplitude, is related to the body omising the anomaly. Since 
the resultant magnetic field is always plane and elliptically polarised, the position of the 
plane in space and the axes of the ellipse must be determined; hence the measurements 
of the complete field distribution are slow, and restricted to certain components directly 
related to the anomaly, but are not contained in the main exciting field, thereby simplifying 
interpretation. 

An inductive method, of NTmiaa, permits measurement of resistivity to moressing depth, with¬ 
out losing geol continuity, by placing on tbs ground a coil the diameter of which is proportional to 
depth dMired. The coil is excited with an alternating current. A small exploring coil in the center 



Fig 36. Apparatus used in Turam Method (11) 

is adjusted to measure the magnetic field from the induced current in the ground. Various fre¬ 
quencies are used to avoid errors fiom skin effect. A curve, plotted between depth of penetration 
and the resistivities observed, is the inductive counterpart of the Wenner system. Potxmtiai, hatio 
method applies a a to the ground, and measures the ratio between 2 pairs of points in the field by a 
bridge circuit in which the potential differences of the earth drouits are 2 arms in the bridge, wUle 



He 87. Equiphase Curves in Eleotromagnetie Field over Orebody discovered Blectrically (14) 

the other 2 arme are in the meeeuring set and adjustable for making a balance. Measurements are 
made along profiles with a definite sjiadng. Changes of impedance and impedanoe ratios are corre¬ 
lated with the geology. In the Bisun-WATsoir method, a large coil of about 600 by 1200 ft ie 
placed on the ground and excited by a 500-cyole a c. Induced voltages are measured in a 2-ooU 
•yetem, adjusted in the reeultant plane of vjbratiDn, and balanced against each other through droult 
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•rranieoMnU; the ratio of minor to major axie of the polarieation ellipee ie entered oo tiie eharte, 
and iao-anom^y lines are dram. The Tubam method employe a long, straight oonduotor, laid on 
the ground, grounded at each end, and supplied with a o. Two coils (Fig 36), a find distance apart, 
are used to run traverses at right angles to this wire, and changes of phase and amplitude are mea¬ 
sured between the induced voltages in each ooil. Iso-phase curves are then ohart^ as in Fig 37; 



Fig 38. Electromagnetic Secondary Field Components over Ore Model (14) 


iso-phase-dilTerence charts are also plotted; the places where steepest gradients occur on the charts 
are the areas sought. Tests on models (Fig 38) show position of an artificial orebody and the change 
of the various associated a-c magnetic components. 


Electromagnetic methods are generally adt'antageous in needing no ground contacts 
(eepecially helpful in frozen districts), but they often fail to give detailed geol definition, 




Fig 30. Absorption of Plane-polarised Electromagnetic Waves in Homogeneous Media (18) 

and often do not permit restriction of vert or lateral boundaries to certain limits. The 
theoretic values of current and potential distiibution, even under simple assumptions, are 
difficult to calculate, especially if the orebody is imbedded in on electrically conducting 
medium. These methods now rest on a quaa-Boientifio basis. Changes in amplitude of 
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Etg 42. Solution of a Fault by Resistivity Fig 43. Interpretation of Resistivity Measurements 


Measurements in Borehmes (17) 


in Borehotes (16) 


frequendea, as they are often coneealed by effects due to water in the rocks. The pereentace absorp¬ 
tion of a plane-polariaed magnetio wave, and the depth in meters required to halve the intensity, am 
shown in Xtg 39. 

XlMhieal wefl locgiiig, according to Sehlumberger^ comprises measurement of eleo 
Niiitivitles of the formations penetrated by drill hole or well, and charting the values at 
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successive depths, and includes elec observations related to porosity of the formationSi 
To measure besistivitt, a set of electrodes, (Pj, P|, C, Fig 40) is gradually lowwed into 
the well; current 1 is held constant and the potentied E is registered on a recording chart. 


The resistivity is proportional to the measured potential, since p ■■ 4«- j 


nrt 

r* — ri 


in whidi 


all factors except E are constant. To measure porositt, a potentiometer is connected 
from one electrode at top of the well and a second in the well (Fig 41). An increase in 
potential indicates a wider spreading of the drilling mud into the formations. 
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Fig 44. Typical Interpretation of TheO' 
retical Porosity and Hesistivity Measure 
ments in Saute Hole (18) 



Fig 45. Example of Stratigraphic Contour* 
ing by Resistivity Loe> (19) 


Fig 42 shows a theoretic log. Water and oil sands show considerable penetration of mud; shalo 
and limestone do not. The log of an oil well shows low resistivity for sands containing saline water 
and high resistivity for sands impregnated with oil, but the porosity log shows high porosity for 
both. Hard formations have high resistivity, but low porosity. Thus, oil sands are distinguished 
from water-bearing sands, and iion-porous, hard formations from oil-bearing sands (Fig 43). 
Usually, other compact formations show small porosity and high resistivity. In water wells the 
work is less simple, since clay deposits and mud in porous gravel are much alike, and potential 
differences are often too small to distinguish between them as to porosity. Gravel beds impregnated 
with fresh water have very high resistivity compared with clay beds, the reverse of the saline situa¬ 
tion in oil wells. 


0 10 so sow so so TO 0 10 so sow 0 10 so 0 10 so 0 10 so 



Fig 40. Transition from Oil- into Water-oand, Venesuela (20) 


Strattgraphy and structure. The dec resistivity in well logs when plotted against 
depth forms well defined pr-files. Hy comparing these (Fig 44), and identifying corre- 
Bimnding sequences, faults may be located and their throws measured. To contour the 
elev of certain identifiable beds, resi ,tivity logs from dry wells are valuable for both 
stratigraphic and structural information (Fig 45). Resistivity log.s of wells are also useful 
lor determining the ssdt-water boundary of oil pools (Fig 46). Resistivities of oil beds 
are high, graflually tapering towards the water-impregnated boundaries. Fig 47 shows 
3 producing horiaons; also an anticlinal structure continuing up into comparatively 
-ht^ow beds. 
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• so 40 


BoaMlTttlea, 

40 0 so 40 0 SO 40 


0 SO 40 



A—Heavy oil, or tar, sand 
B—First productive bortzon 
C—Second productive borizon 

Fis 47. Example of Oil Structure disolooed by Raaistivity Loai <17) 



4. SEISMIC PROSPECTING (20>22} 

Goneral. Seismio prospecting utilises waves artificially generated in the ground, and 
examines their path, veloc, time, and character from their origin to their destination. 
Waves in a homogeneous medium are: (a) dilatational or compressional, similar to sound 
waves; (b) transverse or shear waves, like light or electromagnetic waves. 


Certain combinations of physical constants of the medium determine the veloc of eUstio wavas. 
With simplifications due to Maoalwoiu, the factors are: 

Fh 

1. Young's modulus, E • where P is the stress; lo, the origiual length before stress was 

applied; do, the original area before stress was applied; II, the change in length in direction of the 

stress. 

Id/do fold 

2. Poisson's ratio, v • ** • where It and do are the original length and diam of the 

material before stress; U and Id are the obanges of length and diam after stress. 

Ee 

3. Sum of the principle stremes, X + Y + Z , where X, Y, and Z are the components 

of the stress F in the x, v, and s directions, smd t is the cubic or volume dilatation; the latter has the 
9V' - 9V 

value I -•-~ , where 9V and dV are volumes of an element of constant mass Im before and 

after application of stress F. 

oE B 

4. Lame’s constant, X - - r-r • 8. Coefficient of rigidity, h ■ . — r • 


6. Bulk modulus, K « 


8. Longitudmal veloo,F •• 


oE 

■ (1 + »)(1 - 2 v) 
E 

3(1 - 2#) ■ 

^S7+X ^/j 


2(1 + s) 


7. Coefficients incompressibility, 1 ih 


If + Vg n 


0. Shear-wave veloc, 




/ Ed - e) 
ls(l +vi(l -2v) 

-(-V-1 

2 Vs/ * 


, whwesisthedensityi 


IB. 2 VS/ 




If an impulse is applied to homogeneous ground, the flfet arrival is a longit or P wave; followod 
by a shear or S wave, and then by surface (Rayleigh) waves, the origin of which is controlled by sur- 
faoe boundary conditions. 

Setomle prospecttng methoda, now eurreat, utiliie the first arrival of the P or com- 
prsesion waves, whieh are similar to sound waves and reflected and refracted at surfacw of 
discontinuity. For reflection, angle of incidence -• angle of reflection. For refraotioni. 
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, where a b eagle of iaoidenoe end /3 the angle of refrection, Vi is the veloe 

Vi K j 

in medium 1; V%, the veloe in medium 2. The seme rdetione apply to sheer waves. There 



Fig 48. Diagram showing Reflection Sdsmograph System (21) 


is a difference in seismic waves, as they can carry both compressional and shear stresses at 
boundaries of mediums, because a compressional wave will generate not only the usual 
reflected and refracted ray. but also a reflected and refracted shear wave. This difference 



Freqncacy, cycles per sec 


is analysed bmt by considering the differen¬ 
tial coefficients for both dilatation and 
shear on boundary conditions. The rda- 
tions at such a contact surface of an im¬ 
pinging compression wave are (Macalwain): 
sin a sin y sin 5 sin i; sin f 
P'l “ P'l “ S’i " P'i " S't ' 
where P'l and P's are velocities of com¬ 
pressional waves Pi and Ps in medium 1 
and medium 2 respectively, and iS'i and 
S's, are the velodties of shear waves ffi 
and St in mediums 1 and 2; a angle of 
incidence of Pi, y angle of reflection of 
Pi; i| angle of refraction of Pi, le, the 
direction of Ps in medium 2\ S angle of 
the shear wave generated in medium 1, 
and f that of the generated shear wave in 
medium 2. Similar analysis can be nnade 
of an impinging shear wave. The veloe of 
the waves in mediums 1 and 2, and the sine 



of the angle of incidence of the original 
wave, control the directions of generated 
waves. The equation shows that under 
certain conditions the sine is greater than 
1, indicating that no such wave is possible. 


49. A. Error in Amplitude and Phase, 
'hase Reveres! below Criuoni Frequency; Fre¬ 
quency inweaaing (22) 


In seismic reflections, a series of waves are 
generated at such surfaces of discontinui^ 
and internally reflected. 


Apparatus for refraction xad reflection prospecting is similar, except that the seismio "inck ups'* 
need higher eenaitivity for recording reflected vibrations (Fig 48). The wave impinges on the sew- 
mometer, uaually buried in the ground to avoid wind and other disturbance. The seismometer 
transforms the mechanical into ar. dec impulse. The latter is amplified by automatio volume 
control for weak waves near the end of the record, and the output of the amplifier passes through 
an oaciilographic element, the ught beam fiom the latter passing through a condensing lens, to 
focus the image on sensitiBed paper. A second light beam is flashed across the paper every 0.01- 
0.0S see by a tuning-fork to show elapsed time. The instant of the explosion furnishing the impulse 
is recorded by interruption of current in a wire wrapped around the explosive. Aeeuraey of vibra- 
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tioa meMuzemant is modifiMi by the motion of the eeiemometer, when it begins to vibrete. Fig 49A 
showe the error which may oectir in phase and amplitude, especiaUy when nearing the resonant 
frequence, ab opwational oondition to be avoidad. Fig 49B ahowe a complete revenal of phaae in 
recording on opposite aidea at the inatrument reaonanoe point. 

ShaUow refraction is the simplest application of seismic prospecting as used to deter¬ 
mine the bedrock depth for dam sites and depth of glacial drift. Fig 50 shows such a 


Fig SO. 



llmeKiiatanoe Curvee for First Arrival of Waves. Adapted from E. R. Shepard (12) 


survey. The shot point is at jS, from which seismic waves travel as indicated. The paths 
to the first detectors remain in topsoil; those to the second group pass through the soil 
twice and through the clay; those to the third group pass twice through both topsoil and 



Fig 61. Mintrop Geological Testing Method. Adapted from Mlntrop (23) 


clay, and through the rook. Charting a travel-time curve shows that the curve condsts 
of nearly straight lines, with a slope in each section inversely proportional to the wave 
speed in the lowest medium involved. If the angle of entrance is taken as 90°, an assump- 
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tioo unidly iatrodudnc only a small error, the deptiis of the respective layers of ti^DBoi^ 
clay, and rock are as in Fig SO. When the contrast in speed between the beds is great, this 
method is very effective where alluvium rests on hard rook, but if water-soaked grayd 
rests on a comparatively slow-speed bed, as shale, the contrast is small and its recognition 
difficult. Whore the bedrock is decomposed, seamed or chemically altered, or has an 
indistinct boundary, causing a gradual increase in speed through considerable depth or 
thickness, the method is not applicable. Faults are recognized by the offset of lines 
parallel to DW, owing to change of depth ffi or Hi. 

Deep seismic refraction. Seismic refraction waves have been used for exploration to 
depths as great as 3 000 ft; beyond that, the proportion of time spent in passing through 
the anomaly becomes small compared to the total time, and renders results doubtful. 
Fig 61A shows path of the longit wave in a medium where speed increases uniformly with 
depth; this path is the arc of a circle. Fig 5tXB shows effect upon the time-distance curve 



Fig 52. Determining Dip by MeCoHum- 
MoQhee Metfacm (24) 



Fig 53. Seismic Paths in Continuous Pro¬ 
filing (25) 



Fig 54. Theoretical Seismograms for varying 
Dips. Aver veloe, SUOO ft per sec. Depth, 
7 000 ft. Space between geopbonea 1 ana 6, 
1 000 ft (21) 


caused by salt-domes; similar anomalies may be caused by other lenticular high-speed 
beds like slate. Phase and amplitude control often furnish enough information for proper 
interpretations. 

Reflection surveys are chiefly used in seismic prospecting for contouring deep-eeated 
formations. Beds greatly differing in elasticity, as the “ big lime " in northern La, cause 
excellent reflections. The origin of seismic impulse in the ground is the detonation of a 
charge of dynamite, but the reflected wave from the various beds bears only slight resem¬ 
blance to the form of this imr>>ise. Impingement sets the echoing bed into vibration with 
its own characteristie frequencies; hence, a permanoit, reliable record is important, such 
as a sound track that can be produced for analysis. The analysis is interpreted by selecting 
from the record certain frequencies having direct correlation with the echoes and depths 
in question. Fig 52 shows the'reflection paths of a wave at the border of 2 media; O is 
the shot point; BS, the reflecting surface; OT and OU are 2 wave paths impinging on tho 
reflection surface at T and U and returning co surface at P (xi, O) and Q (xt, O), Draw a 
line from O perpendicular to the surface RS and extend bdow to the imaje point O'. 
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X«t OZ be • vert line and ^ the angle it makes with 00' (same as dip of bed BS). Eneie* 



Via 66. Observation Points, and Theoretioal SeismoKrams for Two Limestone Horiaons (21) 


ing the speeds of the beds in the region, h and 4> are computed, 
a number of receptors (Fig 53) are kept in position 
'while the shot point is changed from A to B. Fig 
54 shows effect of changes in angle a (dip of bed) 
upon the reflection records. Fig 55 shows reflec¬ 
tions from 2 limestone beds as received at 1,2, 3,4, 
and 5, the source being at H. The echoes C and D 
refer to the 2 beds. Record B is the time of first 
arrival of the waves and bears no relation to the 
reflecting beds. To make a reflection survey, the 
groimd is laid off as in Fig 56 for the shot points. 

The important factor is the closure of the contour of a reflecting bed. 


To determine bed R8, 
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Fig 66. 


Seismic Stations 


Individual Spreads of SeismO" 
graph Stations (25) 



Fig 67. Four Typical Ooeurrenoas of Oil (21) 


Fig 67 ahows a few of the formatione and geologio atraetures to wbioh refleetion aeiamiA surveys 
have been applied. A is a simple antielioe with 2 produotive oil horiaons. R is a salt dome w:^ 
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■hallow aU and gna, and an impervioua eap rook, oil and gas being entrapped on the flank* ci the 
dome. C ehowB pomible reaervoira on a granite ridge; D, the trapped on a fault. 

The limit of reflection eurveying baa not been reaebed, but depths of about 20 000 ft baTe been 
recorded. Since variation* in thiokneaa of the low-speed weathered aone near the surface lead to false 
interpretations, the exploeive is put in a drill hole below this weathered aone; this procedure takes 
time and inercaaea the coat of reflection surveying. Changes of tbickneas, as caused by lensing, inter- 
fingering, erosion, and overlap, modify the interpretations, and are obstacles in the applioation of 
these methods; uniformity and oontinuity of foraoations are desirable for good results. 


6. TEMPERATURE SURVEYS 


General. Temperature phenomena give certain information not obtainable in any 
other manner. There are 2 kinds of surveys: one in which a well has reached thermal 



Fig C8. Isogeothermal Profile W-E across Humble Salt Dome, Texas (26) 


equilibrium, the other where a temp transient (see below) is important. A temperature- 
depth curve shows temp gradually increasing with depth; that near the surface of the 
ground should be a little above the mean annual temp of the area. The well should be 
surveyed some time after drilling has stopped, to pennit dissipation of local heat generated 
by drilling. If the temp log as meaaur^ is abnormal, owing principally to escape of gas 
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Fig 60. Stratigraphic and Isogeothermal Contours 
of.Fort of Big Ijske Oil Field, tesas. Adapted from 
£. M. Hawtof (26) 


from the bole, such conditions must be remedied before a Anal log is made. Actual tem¬ 
peratures and temp gradieuts are both important, and must be simultaneously examined 
in a given region. In general, over salt domes and other geol bodies with high thermal 
conductivity, the temp and temp gradient are above normal. It is customary to use the 
number of ft per deg instead of the temp gradient or the degrees per ft. 


Fig 68 shows the temp profile over the Humble salt dome; Fig SO, that at edge of the Grand 
Saline salt dome Owing to the better heat-oouduetivity of salt domes, the temp at top of tba 
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HumUe dome is higber then along the marginal wheaoe the number of ft per deg over the dome ia 
laaa. Aoeording to Van Oratrand, the number of ft pet deg F over aalt domee ia 20-S0. Using 
well-temp meaaurementa aa a guide, the direotion ahowing least number of ft per deg generally points 
towards the top of a dome or antioUne. fig 80 shows the oonatant-temp oontoura over the Big Lake 
lidd, Teaas, at depth of 2 800 ft. Another way df showing temp distribution ia to contour the el»> 
vationa at which a given temp is encountered. Regiond temp charts are valuable for large shruo- 
uural features (Fig 81). 



Temp measurements in wells are made by maaimum thermometers, lowered into the well. For 
more detailed temp data, other apparatus, aa elec resistance thermometers, is necessary. 

Ground-temperature transients. The measurement of these, especially in wells, 
has value for obtaining information upon formations differing greatly in their ability to 



Fig 82. Probable Variation of Teem with Time Fig 63. Temperature Survey 12 Hr 

Eiiapsed from Moment Cir>julation Geaaed. Deep after finishing Cementation around 

Wells (28) Casing in a CaUf Well (29) 


transfer heat. Such measurements also serve to locate cemented zones in wells, even when 
cased. Another advantage of these observations is that they furnish information on 
ohaages in distribution of fluids around wells in operation. Measurements can be made 
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by observing change* in elec resistivity of a resistance <dement inserted in the well. As 
the instrument is lowered, the leads also introduce a temp effect. The use of 2 resistance 
elements (one having a sero temp coef), connected to form 2 arms in a Wheatstone bridge, 
is therefore recommended. The effect of the leads can thexk be compensated by a variaUe 


Location of water 
8 S 01 BS 96 97 09 101 



Porosltr 

iMiioniiitmut utmisoMinsus log Kesiatlvttf 



Fig 64. Tiocation of Snnda Fig 65. Study of Formations through Casing and “Old" 

having produced water (30) Cement (30) 


resistance in one of the 2 bridge arms containing the resistances. Variation in resistance 
is a simple function of the temp. 


Re’st’tvy Tempt” F) 6”per division 


The temp of drilling mud is usually intermediate between the eurfare and bottom temperaturee. 

When the mud circulation is stopped, the mud temp 
will drop at top of the well and rise at bottom. Fig 63 
shows an idealised temp graph made after different time 
intervals. The important feature is that the changes of 
mud temp occur faster oppoeite water sands than op< 
posite shale or limestone. Such beds therefore introduce 
temp fluctuations in the well indicating both the thick¬ 
ness and position of the horison. The temp rise caused 
by the setting of cement within a few hours after plac¬ 
ing It outside the casing dearly indicates the position of 
the cemented sone (Fig 63). The top of the temp rise is 
shown at 6 400 ft, from which depth the high temp 

t persists downward, and indicates the portion of the 

— well that has been cemented. 

The method of locating water and gas horisons is 
shown in Fig 54. Rapid expansion of the gaa reduces 
the temp, while the water below it has a much higher 
temperature and heat cspac; hence the temp transient 
is reversed below point B, and indicates the position 
of the water horison. Fig 65 shows a temp transient 
curve, obtained in a cased well, compared with a resis¬ 
tivity log in the eame well before being cased. The 
porous formations give similar elec and temp anomalies. Fig 66 shows the correlation between a 
resistivity log, the open-hole temp survey of 2 wells, and a temp survey in a cased well. The 
formations can be identified and compared.{pernuttiRg determination of variationsjia elev. At pres¬ 
ent, the transient temp method is the .only one by which the positions of various formations can 
be measured in a cased well. 



Open bole surveys ' 
Fig 66. Correlation of 1 Cased and 
Cemented 'Well (right) with 2 Open 
Holes (29) 


6. RADIOACTIVITY SURVEYS 

Rocka containing minute amounts of radioactive elements can be prospected by measur¬ 
ing the ionisation cau.sed by radon in the air absorbed by the ground. At certain stages 
of decomposition, radioactive elements emit a particles which are positively charged helium 
atoms, /3 particles, negati' rly charged units or electrons, and y rays, which are hard X-rays. 
Each of these ionize a gas. making it electrically conducting. By using an elec-charged 
condenser, and recording the rate of decay, the variation of radioactivity can be measured. 
Unit of measurement is the Mac.«!e unit, the amount of radioactive emanation in 1 liter 
of gas which will produce a saturation current of 0.001 electrostatic unit. In an electro¬ 
scope, let Vi >■ voltage (electromagnetic units) before discharge; >■ voltage at end of 
discharge; f time in sec; C "i riectrostatic capac, (wntimeters, of condenser system 
Iteing discharged, 7 » amperes (electrostatic units} of saturation current Hence, 
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I « (Yi — Fa)^ 4- 300 (; aad sinoe the number of Maehe unite (M17) ■■ 1000 1, the 
formula pei-litw of gas is: MU — w/a (Fi — F#)C, where Fi ■— F« lathe change of voltage 
per sec. 

The ground ia laid oil on traverse lines, and the number of M U are platted at msssured points. 
If the traverses are sufficiently elose, iao-raffioaetive lines are contoured. This method, useful in 
loeating faults through which radioactive gasee are flowing, can be used for prospecting for radich- 
active ores, as camotite and pitchblende. Due to small amounts of airconium and other weakly 
radioactive elements in the soil, a certain amount of radioactivity ia always present, bearing only 
an indirect relation to the geologic structure. 

7. MICRO-GAS SURVEYS 

AnalysiB of soil and of its gas content, for the presence of bydrocarboiu, as an indication 
of gas seepage, has had much attention. According to Rosaire, this seepage is greatest 
at edges of a pool. By charting the hydrocarbon and gas content along a profile, the 
presence of oil deposits is indicated. No details are yet available as to methods for dif¬ 
ferentiating between methane and ethane in small amounts. Methane is often generated 
by vegetable decomposition and then bears no relation to oil or gas deposits, whereas 
ethane, propane, and butane generally occur in natural gas. 

8. CHOICE OF GEOPHYSICAL METHOD 

In planning the surveys mveral methods should be applied to the same problem, 
especially if these methods are not related, and depend upon different properties of the 
same geol anomaly. Thus, oil prospecting in unknown territory would combine gravi¬ 
metric methods with seismic reflection; or, when drilling on known structures for the 
boundary of discovered fields, elec well logging and well-temp methods are preferable. 
Mining problems combine magnetic with elec methods. Water investigations use elec, 
magnetic, and shallow seismic methods. On dam sites and excavations use the shallow 
seismic, together with the elec resistivity methods. Gravimetric methods are relatively 
more expensive, because the instruments are large and costly, and because subsidiary 
parties are necessary to measure elevations. Seismic reflection entails considerable aux¬ 
iliary expense for drilling through weathered zones. Elec resistivity methods require 
many helpers to “ run wire ” and brush out lines. Less expensive are shallow refraction 
and magnetometer surveys, which usually require 2 men (operator and assistant). While 
well-logging and temp surveys do not require much field personnel, the technical equip¬ 
ment is costly and suffers rapid depreciation. Table 4 summarizes the principal applica¬ 
tions of the several methods. 


Table 4. Summary of Geophysical Prospecting Methods 


Class 

Method 

Principal Application 

Geologic Unite 

Gravity 

Torsion balance.... ] 

Pendulum.i 

Gravimeter.J 

Oil.1 

Intrusive bodise, salt domes, faults 
Anticlines, synclines 

Buried ridges 

Mocnstie 

Dip needle. 

Horis magnetometer. 
Vert magnetometer.. 

Mining. 

Mining. 

Mining, oil, water. 

Magnetic rocks and minerals 
Contouring crystalline basement, 
dikes, faults, intrusive bodies 

EUectrical 

Self potential. 

Earth reaietivity. 

Induction. 

Mining. 

hlining, oil, ground water. 

i 

Mining. 

Sulphide and oxide orebodies 
Stratigraphy, formations and atruo- 
tures. Depth of overburden 
Faults, dikes, salt water, graveb, 
channels 

Electrically conducting veins 

Sramio 

Shallow refraction. . 

Road excavations, dam 
sites, ground water 

Bedrock surface, buried channels 

Deep refraction. 

Oil. 

Salt domes 

Reflection. 

Oil. 

Salt domes, faults, anticlines, syn- 
clines 

Thermic or 
temperature 

Steady eond'.tioa_ 

Trannent condition.. 


Igneous and sedimentary forma¬ 
tions, salt domes, antielinsa, ayn- 
olines, faults 

Radioactive 

Gamma radiation.. ) 
Gas ionisation./ 

Mining.1 

Faults, radioaotivs material 
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9. TABLES OF PHYSICAL PROPERTIES 

For detamiining physical properties of rocks or geol bodies there are 2 methods: labors* 
tory measurements on specimens or sampies, and field measurements of material in place. 
In general, measurements on formations in place are pr^erabie to those on sampies. The 
measurements often involve modifsnng factors, as the averaging of samples, effect of 
moisture, and solution factors, which can not be retained in the laboratory samples. As 
a rule, some information is better than none, and all geophysical tables should Iw viewed 
from this standpoint. 

Density. Sino^ rocks are usually a complex of minerals, some of which may not be 
identical in properties from one locality to another, and rocks from different areas may 
have different degrees of weathering or alteration, many different values may be assigned 
to the density of the same rock type. Differences in porosity may also appreciably affect 
densities of similar rocks. Following tables therefore show different densities for like 
rooks, depending upon their origin and the kinds and degrees of alteration to which they 
have been subjected. Densities are calculated in c g s units; hence the values for density 
and spec grav are identical. Spec grav is a numeric and has no dimensions, whereas 
density is defined as mass per unit volume (AT -i- L *). Table II, III show effects of certain 
modifying factors, which may materially alter the density or spec grav. For spec grav of 
minerals, see Descriptive and Determinative Tables, Sec 1; also Table 3, Sec 25. 


Table I. Density of Rocks. After H. Reich (31) 


Type of rock 


1. Igneous Rocks 

A. Plutonic 

NepheUne syenite.... 

Granite. 

Anorthosite. 

Syenite. 

Quarts diorite. 

Diorite. 

Norite. 

Olivine gabbro. 

Essexito. 

Amphibolite. 

Gabbro. 

Augite diorite. 

Hornblende gabbro... 

Peridotite. 

Pyroxenite and dunite 
Eclogite. 

B. Hypabyssal and Vol¬ 

canic 

Quarts porphyry. 

Quarts porphyrito.... 

Porphsrry. 

Porphyrite. 

Melaphyre. 

Diabase. 

Rhyolite. 

PhonoUte. 

Trachyte. 

Dacite. 

Andesite. 

Basalt. 

ncrite. 

Obsidian. 

Pitchstone.i 

Andesitic and porphy-, 
ritie pitchstones.... 
Basaltic glass. 


Specific gravity 


Typo of rock 


2.62 

2.65 

2.73 

2.74 
2.79 
2.86 
2.93 
2 95 
2 95 
3.00 
3.00 
301 
3.05 
3.06 
3.22 
3.35 


53-2.70) 

,56-2.74) 

.64-2.94) 

.60-2.95) 

62-2.90) 

.72-2.99) 

70-3.24) 

85-3.06) 

69-3.14) 

91-3.04) 

89-3.09) 

1.99-3.08) 

1.98-3.18) 

.78-3.37) 

93-3.34) 

20-3.54) 


2.63 (2 
2.63 (2 
2.67 (2 
2.74 (2 
2 77 (2 
2.94 (2 
2.5 (2 

2.56 (2 

2.58 (2 

2.59 (2 
2.62 (2 
2.90 (2 
2.97 (2 
2.35 (2 
2.40 (2 


55-2.73) 

55-2.73) 

60-2.89) 

62- 2.93) 

63- 2.95) 
73-3.12) 
35-2.65) 
45-2.71) 
44-2.76) 
35-2.79) 
44-2.80) 
.74-3 21) 
73-3.35) 
.21-2 42) 
.36-2.53) 


7,56 
2 8 ! 


(2.50-2.66) 
(2 75-2.91) 


II. Metamorphic 

Orthociase gneiss.. 
Ptagioclase gneiss.. 

Granuiite. 

Quarts schist. 

Mica schist. 

Pbyllite. 

Marble. 

Chlorite schist. 

Serpentine. 

III, Sedimentary 

A. Consolidated 

Greywacke. 

Sandstone. 

Limestone. 

Argillaceous shale.. 
Calcareous shale... 

Rubbly marl. 

Chert. 

B. Unconsolidated 

Humus soil. 

Surface soil— 13 

tests. 

Clayey sand, sandy 

clay. 

Gravel, very damp. 
Dry, loose, arable 

eoil. 

Brown coal, lignite. 
Very fine sandy al> 

luvium. 

Carbonaceous loam 
Clayey sandy soil. 

Marl. 

Very wet quartz 

eand. 

Moulding sand.... 

Loess. 

Clay. 


Bpedfio gravity 


2.70] 

2.84) 

■ (2.59-3.0) 

2.64 

(2.57-2.73) 

2.68 

(2.63-2.91) 

2.73 

(2.54-2.97) 

2.74 

(2.68-2.80) 

2.78 

(2.63-2.87) 

2.87 

(2.75-2.98) 

2.95 

(2.80-3.10) 


2.69 

2.65 

(2.59-2.>2) 

2.73 

(2.6B-L84) 

2.78 

(2.72-2.83) 

2.67 

(2.56-2.75) 

2.66 

(2.60-2.71) 

2.76 

(2.70-2.86) 

1.45 

(t.22-1.66) 

1.73 

(1.55-1.95) 

1.93 

(1.65-2.15) 

2.00 

(1.95-2.05) 

1.13 


.12-1.3 


1.33 


1.51 


I.6-1.7 


1.96 

. 

2.25 


2.63 

(2.54-2.63) 


2.64 


2.58 


Magnetic properfiee. While much work has been done on the magnetic properties of 
rocks and solutions, as to their diamagnetic, non-magnetic, and para-magnetic prorierties, 
thrir susceptibilities remain probably their moat important characteristics (Table IV-VI). 































































TABLES OF FHTSICAL PROPERTIES 


Til* ability to BMamr* vety 
differMMM of macnatie iatouity by 
▼ariomatan baa anhanoad the value of 
macaatio proqiaotiac aad the hapor- 
taaoa of aaagaetio propertiea of earth 
matwriala Since auaoeptibility of rocks 
ia aot ooastant, but varies with the 
macaetio field stcaagth at which ob* 
servatioas are made, the intensity of 
th* euth'a field ia the moat desirable 
intensity at which to determine the 
susceptibility of rooks. 

Ia rare oases, the magnetie field around 
eartaia iron deposita may exceed the normal 
earth's magnetie field. About 90% of all 
magnetie proapeeting conoerns areas where 
there are only slight differenees in magnetio 
susceptibility of the materials involsred. 
The magnetite content of rooks appears to 
bo the chief source of higher susoeptibilities. 
Table IX shows peroentagM of magnetite 
and ilmenite in some igneous rocks, aad 
Table X gives oorreeponding data for other 
rocks. 


TaU* IL BSeet of Water on Spec Orav of 
Rocks. After H. Reich (31) 


Type of Rock 

Ncrnukl epee grav 

Authority 

Dry 

Wet 

Granite. 

2.5S 

2.60 

C. Moore 

Dolerite. 

2.89 

2.90 

•• 

Basalt. 

2.87 

2.88 

ti 

Serpentine. 

2.71 

2.71 

Kusakabe 

Miea schist. 

2.65 

2.67 

81 

Sandstone. 

2.25 

2.55 

08 

Permian sndTtiaaaio 
sandstone. 

2.07 

2.27 

C. Moors 

Porous limestone 

1.91 

2.20 



Table nZ. Effect of Stuttering on Spec Orav 
of Rocks. After H. Reich (31) 


Type of roek 

Unshattered 

1 

S. 

1 

1 

Trap rook. 

2.99 

1.7 

Granite. 

2.72 

t.5 

Sandstone. 

2.41 

1.5 


Table lY. Magnettc Susceptibility of Igneous Recks. After H. Reich (31) 


Typ» of rock 


Sueoepti- 
Iniity, 
SX io« 

Field 

strength, 

gammaa 

AuthoriQr 

Reme^ 

1. Plutonic 

Oranite. 

Mount Sorrel 

600-650 

47-96 

E. Witaon 

Whole piaoe 

Basie atieaka in gran¬ 
ite. 

88 4# 

400-1810 

47-67 

88 

48 84 

Granite, bane border 

44 48 

220 

124-157 


48 84 

Hornblende diorite.. 

44 48 

120 

156-200 

■4 

48 88 

Csmptonite. 

Nuneaton 

210 

120-685 

44 

18 44 

Angite grsnophyre. 

Uroby Quarry 

40 

200-440 

48 

•a 48 

Basic granophyre... 

Newbuist Wood 

82 

137-241 

84 

48 88 

Olivine gsbiMo. 

Skye 

5610 

• • * ■ 

A. W. Rueokar 

Itesti 

Gabbro. 

Dw Foieit 

4200 


64 

4 “ 

•4 

8kyo 

2570 


44 

II " 

80 

MuU 

1230 


88 

2 “ 

81 

Cumberland 

230 


44 


SS 

Hatton Hill 

<0 

.... 

44 


6* 

St. David's Hill 

nearly 0 

.... 

Rueeker 4t White 


Tourmalins gmnite.. 

Syenite. 

Tourmaline splits... 

L. Iwt 

240 

1040 

40-100 

5i 3 

la 14 

44 44 

J. Baburin 


Gabbro. 

48 

5500 

10.5 

•1 


Pyronnite. 

•8 

4000 

10 3 

■4 


Dunite. 

L.Ta^ 

40-100 

51.5 

44 


Gabbro. 

WwviiMin 

430 

Earth's field 

L. B. Sliohter 

0.15% magnetite 

14 

48 

680 

II 81 

► “ 

0.24 

Granite. 

Hare 

8 

About 5 

J. Koenigaberger 


Granite (Aar) . 

Gottbardgebiet 

25-54 

44 44 

II 


" (CristolUna) 

•4 

20-30 

IS 4# 

44 


** (Gotthard). 

88 

17-45 

84 48 

» « 


2. HypkbywMj End vol- 
auue 

. 


4340-4 720 

22-49 5 

B. Wibon 

Itim. ) oftheaasM 

8* 

44 

68-130 

152-248 

44 

Center...] epceiinen 

84 

Lnoeetenbire 

3910-4080 

25-39 

44 


88 

Nottinghsmahire 

2790 

19 8 

44 


Basalt . 

Oerbyehin 

125 

40-69 

14 


Trachyte . 

PbonoUte . 

Mdsphyre. 

Aver of 45 dolerltaa 
sndbamlta . 


390 

700 

590 

2550 

.... 

A W. Rueoker 

44 

14 

Rnecker tc White 


Quarti dolerite . 

WbinSiU 

2650-5410 

« a • • 

84 •< 


14 44 

St. Davidi 

nearly 0 

.. . 

41 41 

VeruMU high vnhiea 
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Tabli Ff^’^oniimud 


Typeafnwic 


Butit dike. 

Intrurive batelt... 

Banlt dike. 

Baaelt. 

Mepbelite taeaiiite 
Mepheiite betelt.. 


Weathered baealt 

Denee basalt. 

Metaphyre. 

Baildt. 

“PSBnw” U»a... 



Buaeepti- 

Field 


Loeality 

bilitjr, 

etrength. 



5X 10* 



NorUkumberlotad 

f0090 

.... 

Rimeker dl White 

Antrim 

13900 


41 66 

e« 

190 

.... 

61 16 


310 

.... 

■6 66 

iTetMhen 

6070-7170 

• • • • 

7. Pookeb 

LobauetBerB 

6100-9200 

.... 

II 

Tharandi 

6560-10640 


46 

Balatousee 

1326 

Vcryhighfieid 

L. Steiner 

41 

300 

l« 41 aa 

44 

Thoiey 

4660 

8 7 

A. Tureev 


1120 

26.1 

16 


1670 

522 

66 

Owen 


4ra.7 

66 

f 


6.7 

“ 1 

Karadagh | 

636 

4365 

17.4 

26.1 

■ 

1 

6300 

436.1 

" J 


Yariowi iowahM 

I7.7%iiMKneii|e 
6.6% uagnetito, eoana 
gninod 

24.5% magnetite 


4.27% Bu«^ 
netite 

About 4.2% 
magaetite 


Seom- 

piited 

Cronr 

V»m- 

ability 


3.55% dtagaetite 


Tpble V. SuscaptibiUty of Sadimentary Rocks. After H. Reicb (31) 


Tyrpe of rock 

Locality 

SuBcepti- 

bility, 

.sxio« 

Field 

Btrongth. 

gammas 

Authority 

Bemarka 

Denee liioeatonc. 

Leioeaterehire 

3, 8 

300-515 

K. Wilson 


Dolomite. 

Nottinghamshire 

1. 8 

605 

■* 


Fine-grained dolomite... 

Leicseaterahire 

6.7 

603 

64 


Blue clay. 

Irthlingborough 

20 

94-375 

44 


Blue clay abale. 

Charnwood Foret 

39 

245-355 

44 


Hornfds. 

Mount Sorrel 

32 

332-342 

*■ 1 

Contact- 

44 

44 44 

61 

237-240 

1 

metamatphio 

rook 

Tertiary beda. 

Balatonsee 

«l 

Field very 
weak 

1 L. Steiner 


Dolomite... 

44 

14 




Ferruginoua aandatone. 

Switzerland 



J. Koenigsberger 


Black Portland beda_ 

44 


2 500 

44 


41 14 14 

4| 

16 

5 

44 


Miacdlaneoua aedimente. 

44 

<10 


44 



North Germany 

-0, 4 


64 

Estimated 

Country rook of the Salz- 




44 44 



14 


Coal. 

MTaldenburg 

<2 

5 

14 



Table VI. Magnetic Sttsceptibility of Metamorphic Rocka. After H. Roich (31) 


Type of rook 

Locality 

Suscepti¬ 

bility, 

5X10« 

Field 

strength, 

gammas 

Authority 

Remarks 

Ferruginoua quartaite. 

Krivoj Hug 

550 

10.3 

J. Baburin 


Hornblende-magnetite 






Bchiat 

44 44 

9 000 

10.3 

41 


Hornblende aohiat 

Urals 

8 000 

10 3 

46 


Tale scbiet. 

44 

3 000 

10.3 

46 


Hornblende aehiat.... 

Molvem Hilla 

1 590 


A. W, Ruecker 

Magnetite—rich 

64 61 

14 44 

1 130 


44 

Magnetite leaa 






abundant 

66 66 

61 44 

300 

10.3 

66 

Little magnetite 

66 •• 

44 46 j 

120 


66 

Magnetite very 






Bcarce, titan>>- 


1 




ferrite? 

64 66 

66 46 

nearly 0 


66 

Magnetite very 






searee, only 

Baaie pua aohiat. 

Ootthikrdgebiat 

' 17-180 




titanofarrita 

CUntonita phyllite.... 

44 

90 


( vary 1 

1 


Injection gneiBB. 

41 

12 25 


1 [ 

J. Koeniipibergw 


Varioua gneiaaea. 

Ballinaona. 

10-260 


1 fidda ) 



Scapentine. 

Ootthardgabitft 

3 600-6 000 





66 

Urala 

550 

110.3 

A. Tureev 


16 

44 

14 100 

30.5 

J, Baburin 

Metamorphoaed 






voloanics 




































































TABLES or PHYSICAL l>!R01>iaiTl£S 




TaU* TJL MlfiMie Saaca^tibUitlM 4 »f 
Minarala. AecordioK to' 

. . . N.H. Steam ( 32 ) 



S X »o» 

Ferromagnetie 

frOn (Fal.. 

80 000 

Mhfnatite XFefO.^... 

32 122 

Paramagnetio 

ntonsiata (eryatafai) . 

426.00 

Miaotjanoette (MnO).. 

349.44 


318.07 

Alabandite (MnS). 

177.28 

131.22 

PipmltintA . 

IWte (Pe^.. .7. 

120.00 

Hcnutiite (amon^ouB) (FetOa).... 

XMa.nf'AtnfA ( • 7H^).. 

107.12 

80.00 

B^ebmito (C^4 • ^tO).. 

. 63 00 

Limonita (2Fei(H- 3Ht6).. 

' 57.00 

PlAtlmifii . 

26.00 

Morenoeite (NiSOi * THjO). 

18.09 

14.30 

P.hcLlnttntliifA - 5H|^). 

Cuprite (CugO). 

4.38 

Rutile (tSOi.. 

0.28 

Brookito (TiOf). 

Ootahediita (TiOt). 

0.262 

0.257 

Air. 

0 024 

Diamagnetic 

S X 10* 

Epaomite (MgS 04 ■ 7HiO). 

SUirfifc-nitnr ^MaNO|). 

0.63 

0.70 

Water (HtO). 

0.72 

Niter (KNO^. 

0.72 

Covellite (CuS). 

0.74 

Caldte (CaCOi). 

0.75 

Chalcooite (CujS). 

0.78 

Copper (Cu). 

0.80 

H^te (NaCl). 

0.82 

Sulnhiir . 

0.85 

Saaeolite (H|BO|). 

0.89 

Sylvite (KCT). 

0.91 

KaUnite(Alikt[S04]4<24Hi0). 

Calcite (CaCOf). 

1.00 

1.00 

Beraelianite (CujSe). 

I.OI 

Anhydrite (CaS 04 ). 

1.12 

Villiaumite (NaF). 

1.12 

Quarts (810}^. 

1.20 

liMUl fPb). 

1.30 

DniiinitA (PhOlf). 

1.31 

SHvar ^Ag).*. 

1.30 

Ttram^Hta (AgBr). 

1.53 

Ccrargyrita fAgTHI. 

1.55 

Tnilypita (Agl). 

1.66 


1.70 


1.80 


1.85 

fluorite (CaFj). 

2.00 

Graphite (C). 

8.00 

Biamuth (Bi). 

14.00 


TiilM Vm^ MmitMtiie SoaceptibUitiw of 
Um Slemonts. According to 
N.H. Steam 


5x 10* 


PanuBagnetio 


Praaaodytauum. I if. 17 

Erbium.fM.3» 

Cerium. 

Manganaae. lO.^M 

Palladium. ^ 6<>;0S 

Uranium. 6A.M- 

Piatiniim. 26.99 

Chroinium. 26. 00 > 

Vanadium. 13>20 

Kbodium. 13.00 

Ruthenium. 11.01 

Niobium... lO.'OO 

Tantalum. 9.40 

Barium. 6.W 

Titanium.. 6.65 

Molybdenum. 3.13 

Iridium. 4.90 

Tungsten. 4.76 

Aluminium... 1.99 

Calcium. 1.67 

Magneeium. 1,44 

Oemium... 1,55 

Thorium. 0.99 

Strontium. 0.96 

Potaaaium... 0.52 

Sodium. 0.50 

Zirconium. 0.59 

Tin. 0.55 

Lithium. 0.23 

Oxygen (O2). 0.146 

Rubidium. 0.126 

Hydrogen (Hj). 0.008 

Nitriigen (Ngl. 0.001 


Diamagmetio S X 10* 


HeUura. 0.002 

Chlorine. 0.007 

Argon... 0.01 

Caesium. 0.189 

Silicon. 0.29 

Indium. 0.57 

Germanium. 0.62 

Copper. 0.80 

Sulphur. 0.85 

SSinc. 1.00 

Lead. 1.12 

Bromine. 1.26 

Selenium... 1,30 

Gallium. 1.34 

■Arsenio. 1.40 

Silver. 1,5 

Phoepborua . 1.60 

Boron. 1.66 

Iodine. 1.73 

Beryllium. 1.97 

Tellurium. 2.10 

Mercury. 2.50 

Thallium. 7.73 

Gold. 3.10 

Antimony.... 4.70 

Carbon. 8.00 

Biamuth. 14.00 

Cadmium.... 15.23 
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GEOPHYSICAL PBOSPECTINO 


TsU* XI. M«cnetite>IlaiMitte Coatant ^ Igawms Rocki. 

According to N. H. Steam (32) 



Magnetite, % 

Ilmenite, % 

Combined, % 

Min 

Max 

Usual 

Min 

Max 

Usual 

Min 

Max 

Uaual 

Quarts porphyries. 

0.0 

1.4 

0.82 

0.0 

0.5 

0.3 

0.0 

1.6 

0.94 

ShyoUtM. 

O.Z 

1.9 

1.00 

0.0 

0.8 

0.45 

0.2 

2.2 

I.IO 

OranHus. 

0.2 

1.9 

0.90 

0.6 

0 8 

0 7 

0.2 

2.5 

i.ts 

1 >adiyteeyenites. 

0.0 

4.6 

2.04 

0.0 

1.2 

0.70 

0.2 

5.8 

2.74 

Eruptive wgthelitss.... 

0.0 

4.9 

1.51 

0.0 

3.7 

1.24 

0.0 


2.75 

Abjiwal naphelites. 

0.0 

6.6 

2.71 

0.0 

2.0 

0.85 

0.0 


3.56 

Pyrozsnites. 

0.9 

8.4 

3.51 

0.0 

1.5 

0.40 

2.1 


5.91 

Qabhros. 

0.9 

3.9 

2.40 

0.0 

6.4 

1.76 

1.9 


4.16 

MonsonitS'lstites. 

1.4 

5.6 

3.58 

0.9 

2.6 

1.60 

2.3 


5.18 

Leuoite rooks. 

0.0 

7.4 

3.27 

0.5 

4.1 

1.94 

0.5 

BT'^I 

5.21 

Dacites. quarte-diorites 

1.6 

8.0 

3.48 

0 0 

3.4 

1.94 

2.1 

11.4 

5.43 

Aadeaitaa. 

2.6 

5.0 

4.50 

0.5 

1.8 

1.16 

4.1 


5.66 

Dioritea,.. 

1.2 

7.4 

3.45 

1.1 

5.4 

2.44 

2.3 

mSM 

5.89 

Peridotitea. 

1.6 

7.2 

4.60 

HU 

7.1 

1.31 

1.6 

13.1 

5.91 

Analeite rooka. 

1.9 

9.0 

5.54 

KJlil 

2.5 

1.05 

2.0 

10.8 

6.59 

Baaalta. 

mSm 

8.6 

4.76 

1.1 

3.1 

1.91 

3.4 

11.7 

6.67 

Diabasee. 


6.3 

4.35 

1.2 

4.3 

2.70 

4.7 

8.8 

7.05 

Basaltie rooka *. 

2.0 

mSm 

4.80 


5.1 

2.80 

3.4 

12.1 

7.60 

Fenie syenites. 

4.2 


5.24 

1.4 

3.7 

2.74 

6.5 

9.7 

7.98 

Basie and titaaifcrous 










rooka. 

3.5 

49.9 

27.99 

1.1 

59.0 

35.11 

25.11 

75.3 

53.10 


* Leuoite, nephelitci or melilite bMalta. 


Table X. Magnetite and Dmenite Content of Average Rock TTpea. 

According to N. H. Steam (32) 


Rock 

Magne¬ 
tite, % 

Ilmenite, 

% 

Com¬ 
bined, % 

Aver granite. 

1.72 

0.31 

2.03 

Aver basalt. 

5.80 

0.73 

6.53 

Aver igneous rock (65% 
granite; 35% basalt).... 

3.15 

1.45 


Aver sandstone. 

0.58 

0.25 


Aver scdimentaTy rock (82% 
shale; 12% sandstone; 6% 
limestone). 

0.07 

0.02 

0.09 

Aver rock (95% igneous; 5% 
eedimentary). 

2 95 

0 001 

2.951 


ReaiatiTity of rocka forma the basis for almost all elec prospecting methods. The 
degree of resistivity measured in the field differs materially from that measured on labors- 
tory specimens, due to changes in moisture content or nUnities of solutions impregnating 
the rocks, and to variations in constitution of rocks from different areas or geol formations. 
Differences in resistivity of rocks or members of formations in a specific locality are mush 
more important than the resistivities per ae. The mode of occurrence of rocks is of great 
importance; for example, magnetite has a very low elec resistivity, but if each crystal 
is imbedded separately in quartz, the resistivity will be controlled entirely by the quartz, 
which has a very high resistivity. In other districts, rocks containing magnetite may be 
undergoing alteration, and therefore should have extremely low resistivity. Very small 
amounts of solutions carrying salts will often noticeably modify the resistivity of roo^. 
In general, non-porous igneous rocks have higher resistivity than sedimentaries; of the 
latter, especially limestones, older beds have higher resistivities than the younger. 
































































TABIiES OF PHYSICAL PROPEBTIHS 10-A--35 


T11U9 XL Xlactiical RMUtiTitjr of Rock Ttpos. After H. Reich ( 31 ) 


Trpeofradc 


L Ignemw ud Metunor* 
phio Book* 

Gnnite. 

Tnpraok. 

Tnptook, janlM to 

ootttact. 

IHptoek, iMTiMadio- 

ukr to eontut_ 

GnMortoM. 

Gfeenstono. 

GnenstoM. 

Tnprock. 

l^i^vaek. 

Amygdaloid. 

AmyfdakM. 


Amygdaloid. 
TcajvoGk— 


Poitnu portion of a 

tnproek flow. 

Dense portion of a 

baproek flow. 

Granite porphyry— 
IVe-cambrian erystal- 

line rocks. 

CiystalUne basement 
rocks. 


Quarts porphyry... 

IL Sedimentary Rocks 
A. Consolidated 

Great conglomerate.. 
Western sandstone.. 


Eastern mndstone... 


Nonesuch aitpllite... 

limestone . 

Dense Jurassic lime¬ 
stone. 

Marty Jurassic lime¬ 
stone . 

Ferruginous sand¬ 
stone. 

Carbonaceous sand¬ 


stone. 

Shale. 

Carmel coal. 

Rock salt, pore. 

Rock salt, impure... 

B. UnoonsolidaM 

Humus soil. 

Glacial deposits. 

Ckyey aoU. 

Sandy soil. 

Dry sand. 

Damp sand. 

Clay, rich in Mgsalta 

Da^loam. 

Brekm rock. 

Glacial depoaits. 


Place of 
inTeatigaticn 


Washington 

Miohigu 


NewMeoaoo 

NorthmnUS 

Sweden 

Qtfmany 

Michigan 


Spain 

Switserland 


Lower Silesia 

«« M 


) Lower Bhine ( 
area ( 

Switserland 
Northern USA 


w 

I Western J 
j Australia 1 

Spain 

M 

Northern IT 8 A 


No 

cf 


12 


Redstirtty, ohm-csntimeteri (a) 


Ueual 


Min 


>500000 

236000 

214000 

279000 

113000 

159000 

310000 

141000 

89000 

90900 

45300 

16100 

27200 

22500 

55500 

about I 000 000 
1300 000-400 000 

300 000-400 OOol 
40000 


109200 
25 650 


9 830 
4300 


15700 
12 000 

250000-350000 

140 000 

400 000 

25000-51000 
77 000 

15000-60000 

I0»-10J 

3X101-5X10* 

IIOOO 

18000-50 000 
10000-40000 
110 000-180 000 


185000 

185000 


85 000 
125000 
306 000 
109 300 
43700 
59000 
39200 

11900 

21050 

18350 

43100 


103400 

17900 

(deeper 

layers) 

8830 

3500 


12300 


4000 


2^X10* 
1X10* 
100 
500 
75 000 
825 


Max 


390000 

250000 


133000 
210000 
314000 
174000 
148 000 
128 000 
50 600 

19830 

33300 

25 700 
49 450 


117000 
41400 
(higher 
laym) 
11780 
7750 
(greater 
depths) 
18 100 


18000 


4X10* 
IXIO* 
250 
5000 
500 000 
396000 


Remarks 


Differ- 

ent 

speei- 


of the 
same 
rocks 


Salty 
ground 
I water 


In damp 
pit 


Antlwrtty 


W. J.Boomt 


W.J. 


j- W, J. Rooney 
W, J. Roonny 


K. Sundberg, 
Irving, Croeby 
and Leonardon 


J. Koenifibatger 


W. J. Rooney 


J. Eoenigsberger 


Indng, Crosby 
and Leonardon 

W. J. Rooney 


(o) Reaistaneu, ia ohms, of a cube 1 om aquaro. 
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Table XII. Reaietivitiea of Rock Samplea (Laboratory Testa). Aftw H. Reich (31) 




Resistivitiea, obm-centiineterB 









Type of 

of 


Dry 


Damp 

Authorliy 

rock 

sam- 






pies 

Usual 

Limiting 

Usual 

Limiting 


» *' * 


value 

values 

value 

valuea 


Diabase.... 


3XI0S 



.1 

K. Sundberg, 

Dolomite... 


over 5X10* 


4.6X 10* 

3.7X108-5.5X1051 

H. Lundberg, 
and J. Bklund 

Granite,... 


I.IXIOJ 

8X100-1.7X107 

3.6X10* 

7XI0»- 7X10*1 


Porphyry... 


7X100 

lx 10*- 16X10* 

■5 5X107 

2X106- 2XI0» 




7.ex 107 

2.8X100-3.2X10* 

3.8X10* 

2.2X10- 3X107 

According to 



7.7X107 

5XI0»- 2X10* 

6.5X10® 

3.5XI0*-3.5XI0« 

D. Murashov 

Clay shale. . 

2 

1.4X10* 

1X100-1.7X10* 

9X10® 

IXI06-I.7X10* . 

E. Berengarten 

Limestone. 

5 

1.3X101® 

8X107-3.5X10‘» 

4.2X107 

1.4X10*- IXIO* 

A. Etcheiatova 

Hornfels.... 

6 

3.9XI0J0 

4X107- 2X1071 

I.IXIO* 

2.6XI0S- 6X107 

L. Kudiakova 

Chlorite-ser- 







icite schist 

6 

3XI0» 

9.7X100-1 2XI0‘« 

9.8X10* 

5X100-2.8X107) 



Table XIII. Resistivities of Ores. After H. Reich (31) 


h 

SamplcB 


No 

Resistivity, ohin-centimcters 

Usual 

Min 

Max 


Remarks 


(a) Arcordint; to Murashov, Berengarten, Etcheiatova and Kudiakova 


Ores (sulfides) with over 50‘/l 

18 

128 

of hrgh-conductivity ores 


i 

Ores (sulfides) with 20- 50% of 

26 

^425 

bigb-couductivity oree 



Ores (sulfides) with 5-20% of 

14 

85 520 

bigh-cunductivity ores 



Rocks with less than 5% of 

II 

30 OOOX 105 

high-conductivity ores 



(ii) According to K. Sundbet 

Pyrite ore, ... . 

8 

1 613 

Lead-zinc ore. . 

1 



1 


Qraphitlo shale. 

3 

120 

Shale with pyrrhotite. 

2 

30 

Limestone -with chalcopyrite,. 

1 

16X10* 

Sericite with pyrite. 

1 

3 3X10* 


6 

700 

A 90% pyrrhotite-pyrite 
ore has been reported aa 
high as 10 000 ohm-cni. 

1 

20 000 

A 40% lead ora reported 
as high as 7X 10* obm- 
cm. 

8 

520 000 

.Y quarts with 10% py¬ 
rite reported as Ugh as 
4,7X 107 ohm-cm. 

8X105 

190 000X105 


', H Luni 

iberg, and J. h 

iKlund 

d. 1 

1 10 500 


0 1 1 

1 36 000 


Parallri Perpendicular 


to selvage 


O.I 

400 


0.5 

350 


6 

53 



Table XIV. Resistivities of 
Sodium Chloride Solutions. 
According to H. Reich (31) 


NaCl content, 
% 

Resietivitice, 
oh m-centimoters 

1 

57.0 

S 

14.9 

to 

8.25 

IS 

6.08 

20 

5.11 

25 

4.68 

26 

4.65 


Seismic properties. The appliostion of srismio 
waves for determining geolofl^cd horizons and struc¬ 
tures utilizes primarily the longit wave, the speed of 
which varies in difterent rocks. In general, the heaviest, 
most crystalline rocks give the highest speeds. Ce¬ 
mented sedimentary rocks are next in order, followed 
by broken or shattered sedimentaries, talus and land¬ 
slide material, and unconsolidated sedimentary depos¬ 
its. Speed of propagation is measured; (a) in the lab¬ 
oratory, by determining the density and moduli of elas¬ 
ticity on rock samples; (b) in the field, from the forma¬ 
tions in place; the second ie prefereble. Tables XV-XIX 
give the longit wave speeds and the elastio moduli. 
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Table ZV» Medidaa ef Slaalieltjr aad Speed of TmeiftiaBleii of Loa^tadiaat Wavea 

in Rocks. Alter H. Reidi (31) 


Type of rook 

Nun». 
ber of 
testa 

E X lO-n, 
egs units 

(o) 

V, meters 
per sec 
(o) 

Authorify 

Remarks 

(6) 

1. Igneous rooks 

A. Plutonic rooks 






Granite. 

4 t 

16 

3.47 

4 000 

Kueakahe 

K 

6 

3.71 

4 100 

Bauscliinger 

h 


7 

5.05 

4 800 

Adams and Coker 

Zt 

• • 

3 

6.6 

5 600 

“ " Williamson 

IS 64 IS 

HC 

3 samples of the same.... 


7.5 

6 000 

rc 

Neph^ne Syenite. 


6.29 

5 300 

Adams and Coker 

L 

Ebserite. 


6.71 

5 400 

• 1 II 4 1 ^ 

L 

Anorthosite. 


8.25 

5 900 


4 

Gabbro. 


6.61 

5 300 

Ktisakabe 

K 

• 1 


10 8 

6 900 

Adams and Coker 
" " IrViUiamson 

L 

1 4 


10.2 

6 700 

ffC 

* 1 


12.0 

7 300 

I i Is e • 

rc 

Peridotite. 


5 94 

4 900 

Kueakabe 

1 « 

K 

Pyrosenite. 


8 27 

5 500 

K 

Dunite. 


16.4 

7 900 

Adama and Gibson 

HO 

S 4 


17.5 

6 400 

4 1 1 1 SI 

VO 

B. Volcanic and hypabyssal 
rocks 





Rhyolite . 

3 

2.0 

3 100 

Kusakabe 

K 

Andesite . 

10 

3.2 

3 900 

1 1 

K 

Diabase. 

" (same sample) .. . 

« S *4 14 


9 5 

6 400 

Adams and Gibson 

L 


10 1 

6 700 

'* “ Williamson 

HC 


11.4 

7 100 

SI SI SI 

VC 

‘ * (different sample) 

14 4 • « * 

* . 

7.64 

5 800 

SI 41 SI 

HC 


10.1 

6 900 

SI SI 1 1 

VC 

Basalt . 


10 15 

6 400 

O. Graf 

LC • 

“ (different sample) . 

14 II 4 S 


5.68 

4 900 

Adams and Williamson 

HC 


8.12 

5 900 

S « 14 II 

VC 

Obsidian . 


4.82 

4 900 

II Is 4 S 

HVC 

Pitchstone . 


5.54 

5 300 

P. W. Bridgman 

% t 

uve 

Basalt glass . 

4 4 4 4 

2 

8.90 

6 400 

HVC 

1 

9.52 

6 500 

Adams and Gibson 

HVC 

II. Metamorphic rocks 


2.85 




Mica schist . 

3 

3 700 

Kusakabe 

K 

Gneiss . 

, , 

4.50 

4 700 

S 1 

K 

Graphite schist . 

3 

4.76 

4 800 

1 1 

K 

Marble . 

5 

6.12 

5 300 

Adams and Coker 

L 

Quarts schist .. 

3 

6.65 

5 500 

Kusakabe 

K 

Chlorite schist . 

a 

7.00 

5 400 

1 i 

K 

Quartsitc . 


7.34 

5 800 

O. Graf 

L 

Graywacke . 


7.6 

5 900 

Bauschinger 

L 

Marble . 

1 

9.9 

6 600 

Adama and Williamson 

HV 

III. Sedimentary rocks 

Glauconitic sandstone . 


0.8 




3 

2 100 

Baiuehinger 

L 

Bunter sandstone . 


1.02 

2 300 

(). Graf 

L 

• • 4 4 

Mm 

1.67 

3 000 

Bauscliinger 

h 

Ohio sandstone . 


1.58 

3 000 

Adams and Coker 

L 

Sandstone . 

MM 

1.40 

2 800 

Kusakabe 

K 

Tuffaceous sandstone . 

■9 

1.88 

3 200 

4 S 

K 

Soft clay shale . 

Sandy wale . 

17 

4.69 

4 600 

1 1 

K 


6.09 

5 300 

1 1 

K 

Dense shale. 

10 

6 39 

5 300 

1 1 

K 

Chalk. 


0.795 

2 160 

Maurin and Bble 

L 

Chalky limestone. 

3 

1.93 

3 560 . 

E. Mareotte 

1 1 

L 

Fine grained limeetone. 

8 

4.32 

4 680 

L 

Crystalline Uneetone. 

4 

6.5 

5 500 

4 1 

L 

Dense limestone and marble. 

12 

5.8 

5 100 

Kusakabe 

K 


2 

3.93 

4 600 

BauBchioger 

L 

’ * dolomite. 


5.34 

4 900 

L 

Ldtha limestone. 


5.02 

4 900 

4 S 

L 

Nummuhte limeetone. 


6.05 

5 200 

1 1 

L 

Shell limeetone. 

4 4 4 4 


5.0 

5 300 

s s 

L 


7.25 

5 800 

O. Graf 

L 

Clymenia limestone. 


8.15 

6 000 

Bauschinger 

L 


(a) Aver ralue for a number of obBervationa. 

(b) E datormined as follows: A, H, m V ^ by prssa esperlmeats, in wbioii: I> hi at low pres 
(about 1000 megabars): M at high press (about 2 000 megabars); F ■■ at very high press (aoout 
10 000 megabars); HV > press varying between 2 000 and 10 000 megabars. C * by oont* 
presnUhty Mate. S * h&etiesUy, 
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TaU« XVJ. SpMd of Propogatton, V, of Loagitadiaal W«m la Sodki 

After H. Reidi (31) 


Type of rook 
I. Consolidated rocki 

Igneous rocks; metamorphie rocks; maseive un- 
Sb’atified rocks; limestone; dolomite; gyiwum; 
anhydrite; rocksait 

Cambrian (Villanueva de las Minas). 

Salt dome cap rocks. 

Texas salt dome rocks (anhydrite, gypsum, lime¬ 
stone, rock salt). 

Shell limestone (Rudersdorf). 

Gypsum beds (Sperenberg). 

Zedistein beds (salt, anhydrite) Juterbog. 

Carboniferous coal measures (Dobrilugk). 

Carboniferous coal measuree (Villanueva de laa 

Minaa). 

Caloareous marl, calcareous sandstone, slates.... 
Siliceous sandstone, slightly calcareous sandatonc 
Middle Bunter sandstone (Jena). 

Chalk (Germany). 

Chalk (France). 

n. Unconsolidated rocks 

Coastal plain formations (Texas). 

Septaria clay and middle Bunter sandstone (7) 

(Juterbog). 

Miocene (Villanueva de las Minas). 

Clay, clay sandstone, slightly calcereous marl.... 

Tertiary and clayey Quaternary (Germany). 

Damp Quaternary sand (Sperenberg). 

Broken rock, gravel, sand, loeaa. 

Same materials, very wet. 

Alluvium (Villanueva de Ins Minas). 


V, meten per sec 


Authmity 


^ 5 000-5 600 
4 800 

14 500 to 5 5001 

4300 

3 5007 

4 500 
3 800 

3 400 

3 200-3 800 
2 200-2 400 
2 000-2 800 
aver 2 500 
2 380 
2 140 

I 800-2 100 

I 900 
I 950 

about I 800 
I 630-1 800 
855-1 on 
600-800 
I 200 
600 


H. Salfdd 

J. Q. Sineria 

Fr. Rieber 
M. Hannemann 

W. Schweydar and H. Reich 
W. Schweydar and H. Reich 

G. Angenheiater 

H. Reich 

J. O. Sineria 
H. Salfdd 
H. Salfdd 

O. Mdsser andH. Martin 
H. Reich 

Ch. Maurin and L. Elbe 
Fr. Rieber 

G. Angenheieter 
J. G. Sineris 

H. Salfeld 
H. Reich 

U. Reich and W. Schweydar 
H. Salfeld 
H. Salfeld 
J. G. Sineria 


Table XVII. Longitudinal Wave Speeds in Otber Media. After H. Reich (31) 


Material 

V, met per see 

Authority 

Material 

V, met per sec 

Authority 

Air. 

Fresh water. 

Glacial ice, neve. .. 

•' '■ flowing. 

330.8-0 66((a) 
1 435 

3 140 

3 570-3 600 

Colladon 

Sturm 

U. Mothes 

Salt solution tO^o . . 
•• “ 15%.. 

•• “ 20%.. 

Sea water. 

Petroleum. 

1 470 1 

1 530 1 

1 650 J 

1 480-1 490 

1 326-1 395 

Dorsing 

W. Speiser 
Martini 


(c) In the formula for V in air, t is the temp in .deg C. 


Table XVIII. Compressibility and Longi¬ 
tudinal Wave Speeds in Minerals. After 
H. Reich (31) 


Mineral 

C<Mnpre8sibility, 
cgs X 10** 

Speed of longit 
waves, meters 
per sec 

Bylvite. 


3 900 

Rock floJfc. 


4 400 

Gypsum. 


5 450 

Anhydrite.... 


5 650 


Table XIX. Poisson's Ratios. After 
H. Reich (31) 


Type of rock 

Limiting 
values, V 

Various marbles. 

0.25-0.28 

0.20-0.26 

0.22-0.28 

0.26 


Other ifneoua rocks.. ...... 

Ohio sandstone. 


Porosity depends on the origin of the rook, and its subsequent modification by tec* 
tonic, chemical, and physical prr cesses; it is a factor often modifying other phycdcal 
properties of rocks. Bureau of Standards has compiled porosity data on building stones, 
notably marble, sandstone, and slate (see I'ublicBtions by D. W. Kessler). 
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Table XX. Poroeity of Rocke. After H. Reioh (31) 


Type of rock 


Porosity, per c 

Usual 

value 

ant of volume 

Limiting 

values 

Autbocity 

1. Igneous rocks 





Granite . 

9 

0.76 

0.23-1.75 

Gary 

Syenite. 

• • s 

0.5-0.6 

to 1 . 38 

Hofer-Hdmhalt 

Diorite . 


0.25 


s • s * 

Gabbro. 


0.6-0.7 


16 6 6 

Porphyry. 

5 

2.66 

0.38-6.73 

Gary 

Phonolite. 

5 

1.65 

1.17-3.89 

• 6 

Basalt. 

8 

0.93 

0.07-2.30 

6 • 

Trachyte ... 

1 

9.0 



PiiminR . 

2 

63.9 

. 


Amphibolite . 


0.90 

. 

• • 

II. Metamorpbic rocks 





Serpentine . 

1 

0.56 



Marble . 

4 

0.3 

0.11-0.59 

6 4 64 ” 

Argillite . 

8 

2.69 

to 10 0 

C. Moore 

Slate . 

59 

3 8 

1.16-10.28 

Uirschwald 

Graywaoke schist . 

II 

3.6 

1.28-7 74 

4 4 

Oraywacke . 

2 

2 3 

0.41-4.2 

Gary 

(juartsite . 

1 

1.91 


C. Moore 

III. Sedimentary rocks 



A. Consolidated 





Carboniferous sandstone. ... 

9 

3.61 

1.09-7.09 

llirsphwald 

Devonian eandetnne. 

11 

4.4 

1.36-12 98 

4 1 

Crystalline limestone. 

3 

4.54 

3.07-6 9 

Gary 

Bunter sandstone. 

30 

17.7 

7.7-27,72 

Uirschwald 

Lower Cretaceous sandstone 

17 

16.4 

S 81-23.26 

4 4 

Various sandstones. 

17 

16 1 

6 85-27.3 

Gary 

Oolitio liuiCBtoiie. 


13 6-16.93 



Calcareous tufa. 


20.2-32.2 


i « 4 4 

Chalk. 


14.4-43.9 


4 4 64 

Limestone. 

3 

28.78 

to 42 8 

C. Moore 

Jurassic odlite. 

5 

14 58 


4 4 

Shell limestone. 

9 

11.6 

0.8-27.6 

Hirsohwald 

Jurassic limestone. 

3 

28.0 

24-34 

4 t 

Calcareous tufa. 

2 

24.9 

24.1-25.7 

6 4 

B. Unconsolidated materials 





Uniform spheres in cubic ar- 





rangement. 


47.6 



Uniform spheres in tetrabe- 




ing to various authors 

dral arrangement 

. . • 

26.2 

.. 


Oil sands. 

84 

17.5 

3.4-37.7 

Meinter, Mcleher 

Sand of variable grain size. 

several 

35 0 

26-47 

“ King 

Sand of uniform grain size. 

“ 

38 0 

35-40 

6 4 4 1 

Clay. 

several 

45 0 

4+-47 

■ 4 6 6 

Various soils. 

• I 

55.0 

45-65 

** USDeptof Agri' 





culture 

Dune sand. 

• • s 

24 0 


Hofer-Heimhalt 

BftDd and gravel... 


36-42.0 


6 4 6 6 



41-46 0 


66 46 

Clay. 


31-34 0 

around 45-50 

66 44 

Clay. 


44-50 0 


46 44 

Marl. 


47,5 


66 44 

'Tiirf. 


81 0 

to 85.2 

6 6 4 1 

Infusorial ewth. 


91.6 


• 6 4 6 

Rubble marl. 

. . . 

40.1 

35-51 

Pfeiffer, Dienemann 


Other phyiicel propertiea of rocka, which have not yet been carefully meaaured and tabulated, 
inolude their heat oapac and thermal conductivity. Thsbmai, coNoucnviTiBa of certain rocka and 
minerala are given in Table XXI. These values represent heat transferred (calories) through an 
area of 1 square cm and thickness of 1 cm in 1 sec, for a temp difference of C. Dielbctiuc pboi^ 
BRTiEB of rocks have been proposed as a basis for prospecting by the use of radio waves. The con<> 
stants usually range from about 1 to 7, when measured with d c or low-frequency a c; according to 
Dostovalow, the dielectric constant is much greater when measured at radio frequencies of 300 000 
cycles (Table XXII); also the resistivities at high frequencies differ from those at low. Since the 
constant of quarts is usually greater than that of country rock, the possibility of employing tbeee 





































































lO-A-40 


GEOPHYSICAL PBOSPECTING 


methods on quarta veins is obvious; but, since the constant of water is 80, presence of moisture 
would overshadow such oheervations, rendering interpretation difficult. Bince eleetromagnetie 
waves involve 3 systems of constants (electrostatic, electromagnetic, and Heaviside-Lorenta valuea)* 
conversions for these factors are given in Table XXII I. 


Table XXI. Thermal Conductivities of Rocks and Minerals (31, 33} 


Rock or 
mineral 

Heat 

conductivity 
(See text) 

Rock or 
mineral 

Heat 

conductivity 
(See text) 

Rock or 
mineral 

Heat 

conductivity 
(See text) 

Granite. 

Gneiss.^ 

Quarta. 

Hock salt. 

Graphite. 

Magnetite .... 

0.0058 

O.OOSI 

O.0I-.O3 

0 0128 
0.0I-.03 

0 0I-.03 

Feldspar. 

Mica. 

Limestone. 

Marble. 

Chalk. 

Sandstones. 

0.006 

0 0009 
0.0036-.0055 

0 00S3-.0064 
0.0022 

0 0025-.0067 

Coal. 

Clays. 

Slates. 

Water. 

Air. 

0.0007-.0012 
0,0025 

0.0033-.00S6 

0.0014 

0.000057 


Table XXII. Dielectric Constants and Resistivity at SOO Kilocycles 

After B. N. Dostovalow (34) 


lONBoua Kocaa 

Plutonic: 

Granite. 

Granitite. 

Granite-porphyry. 

Astrophyiite ncpheline syenite .. 

Micaceous nepheline syenite. 

Small-grained nepheline syenite.. 
Coarse grained nepheline syenite. 

Miascite. 

Marinpolite. 

Hor nblende-foyaite. 

Foyaite. 

Feldspar-urtite. 

Urtite containing sphene. 

Fssezite. 

Khibinite. 

Tawite. 

Gabbro, southern Urals. 

Gabbro, solid. 

Gabbro, fine grained... 

Gabbro, medium grained. 

Gabbro, coarse grained. 

Norite. 

Proterobase. 


c, dielectric constant 


10.2-18.9 

14.9 

27.1 
6 93 
8.47 
9.55 

11.7 
9.97 

12.1 
7.45 
8.32 
M.9 

12.8 
9.2 
10.43 

14.8 

12.8 

16.7 

60.8 
28.2 
42.1 
61.4 
13.7 


p, resistivity, ohm-cm 


460 X llF-50.3 X I0> 


82.5 

X 

10* 

17.3 

X 

10* 

2.34 

X 

10* 

1.51 

X 

10* 

0.514 

X 

I0« 

1.40 

X 

I0< 

0.213 

X 

10* 

2.07 

X 

10* 

0.262 

X 

10* 

1.37 

X 

10* 

0.508 

X 

10* 



0.717 X I0« 
1.44 X lOa 
0.732 X I0« 
1.86 X 101 

42.6 X I0> 

23.7 X 101 
6.03 X 10* 

279 X 10> 


Bypabyasal and Volcanic: 

QuartS'keratophyre. 

Albite diabase. 

Quarts diabase. 

Quarts porphyry. 

liiparite. 

Obsidian. 

Fitchstone. 

Daoite. 

liparite-dacite. 

Porous andesite basalt. 

Andesite basalt. 

Traprock . 

Tuff. 

MBTaMOBSme MOTBS 

Quartsite. 

Sandstone. 

Marble. 


15.0 
18.1 
34 5 

14.2-49.3 

12.5 

5.8-10.4 


ISO X to* 

31.3 X 10* 
lOI X 101-21.6 X 10* 
57 9 X 10* 

8 92 X 101-1.23 X I0« 


18.7 

M3 X 10* 

8 16 

0.682 X 10* 

7.68 

4.6 X 10« 

6 53 

0.437 X 10* 

7.57 

1.38 X )0« 

18.9-39.8 

2.46 X 101-54 X 10* 

3,79 

1.69 X 10* 

6.63 

0.178X I0« 

36 9 


15 2 

o.m X io* 
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Table XZin. ConTersion Facton for Electromagnetic Uaita (16) 



Elec units 

1 

es u 

e ni u 

H-Lu 

Charge. 

1 coulomb j 

3 X I0» 

lO-i 

6v/7 X I0» 

Current. 

1 ampere 

3 X I0» 

lO-i 

fty/rr X 10* 


1 volt 

1 

lOS 

I 


300 

600\/ «■ 

Capacity. 

1 farad 

9 X 10*1 

io-» 

36ir X 10“ 


1 ohm-centimeter 

1 

I0> 

i 


9 X lOB 

3bir X 10“ 



1 

I0» 

1 



9 X 10“ 

36ir X 10“ 

Magnetic intensity. 

1 gausa 

% v into 

1 

1 






Dielectric constant. 

1 practi il unit 

1 

1 

1 

Permeability.. ... 

1 practical unit 

1 

1 

1 


e a u => electrustutio units, e in u = electromagnetic units. U — L u “ Heaviside-liorenti units. 


Radioactive rocks contain radium and thorium, and emit radon, a gas which difluse-s 
in the ground but can be detected, even when extremely diluted, owing to its radioactive 
power. According to Petru.schnk and Krusch, the amounts of radioactive elements per 
grf m of rock for various rock types are a.s in Table XXIV. 


Table XXIV. Radioactive Contents of Typical Rocks 


Acid rocks: 





Volcanic origin. 

3 1 X 

10-IJ 

gram 

radium 

Plutonic origin. 

Intermediary rocks: 

2.7 X 

10* 

1 • 

1 4 

Volcanic origin . j 

2.1 X 
3.5 X 

lO-U 
10-» 

4 1 

• 

radium and 
thorium 

Plutonic origin. 

Basic rix:ka: 

1.9 X 

10-1* 

4 1 

radium 

Volcanic origin.| 

I.l X 

1 7 X 

10-1* 

io-» 

gram 

radium and 
thorium 

Plutonic origin. 

Sedimentary rucks: 

1 9 X 

I0-* 

1 

radium 

Clay.■ 

1 5 X 

lO-il 

gram 

radium and 

1.3 X 

10-6 

1 

thorium 

Sandstone.- 

1.4 X 

10-1* 

* 

radium and 

0.5 X 

10-6 


thorium 

Limestone and dolomite 

ro 9X 

10-1* 

4 1 

radium and 

0 1 X 

10-6 


thorium 
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UNDERGROUND TRANSPORT 


1. GENERAL CONSIDERATIONS 


Underground transport of mineral, v^aste and supplies is a vital function in mine 
operation. Rcixirts from 41 metal mines using various standard mining methods (1) show 
that underground transport costs averaged 37.44^, or 17.22% of total underground cost, 
varying from 11.35^ to 59.9>5 per ton hoisted, or 12.77% to 26.30% of total, depending on 
mining methods (Art 20 and correspondence). In many mines, if first cost and main¬ 
tenance of workings used primarily for transport were so charged, the total cost of trans¬ 
port would l>e shown to exceed nil other mining costs. 

Centralization. If the output can be brought to one level or gangway, transport may 
sometimes be so concentrated that hand tramming can profitably be replaced by animal 
haulage, or the latter by mechanical haulage. Even in shaft mines, where, due to shape 
of deposit or distribution of workings, the output of several levels is lowered to one main 
haulageway, the increased cost of hoisting may bo more than offset by the saving from a 
centralized haulage system. 

Transport method is decided by comparing the total capital and operating costs of 
systems considered. If these involve changes in mine development, it is necessary to 
determine what saving in development and maintenance costs may result from adopting 
a centralized system, which reduces the number, length or size of sub-levels, crosscuts, 
shaft stations and trackage otherwise required. Such saving must be balanced against 
cost of installing and maintaining the proposed haulage system. 

General formulas. Let D = useful duty per shift, mincral-ton-miles; G = gross duty 
per shift, ton-miles; d ■» distance mineral is to bo moved, ft; s = aver speed when 
moving, ft per min; t = time loading and discharging per trip, min; T - mineral handled 
per trip, tons; T' = tare per trip, tons; C time of 1 complete cycle, min; m = actual 
working time per shift, min. 


D 


m _ dT mdT ^ ^ , m 2 dT' m d (T + 2 r) 

2d , ^ 5 280 “ 6 280 C • 5 280 C ” 5 280 C 

, t 

8 


Useful duty D varies directly with distance, speed and wt of mineral per trip, and 
inversely as the time required at terminals. If the gros.s duty limit has been reached, the 
useful duty will vary inversely as (2’' X 2). These principles apply to all kinds of trans¬ 
port, from slioveling to locomotive haulage. Despite the rule that cost per ton-mile, 
other tilings being equal, varies inversely as the unit load, underground conditions usually 
require small-scale equipment. But many large-tonnage installations exist in coal, iron 
and copper mines, varying from the most primitive to standard B, R equipment. 


2. PRIMITIVE TRANSPORT METHODS (30) 

Packing. Mineral is carried in sacks, skins or boskets on backs or heads of men and women, in 
primitive countries, or occasionally in narrow, tortuous workings, or in emergency work. Unit 
load IS usually 60 to 150 lb, but, in Latin America and the Orient, peones and coolies carry more. 
Duty varies widely, but approximates 12 to 14 inaii-hr per ton-mile. Boxes or hand-barrows, 
holding 200 to 700 lb, and carried by 2 or more men, are slightly more economic, but if there is 
room for such practice better methods are usually feasible. 

Shoveling (Sec 3). Transport by carrying or casting with shovels is proper only as a 
last resort. One man can move 1 ton 100 ft in about 2.5 hr, equivalent to 125 to 160 
man-hr per ton-mile. Long-bandL, round-point No 2 shovels are standard for under¬ 
ground mucking; 1038 price, $12 -$14 per doz. Mucking is a common term for under¬ 
ground shoveling. In stopes, with chutes ->0 ft apart, the standard duty is coimnonly 20 
cars (17 to 20 ton's) per shift, including sledging or blockholing lumps, stowing filling. 
If chutes are advantageously placed, shovelers have time to assist miners, but if much 
sorting is done, their output may be greatly reduced. The stopiug method greatly affects 

11-02 



MINE CABS 11-03 

cost of shoveling; good shoveling floon and slides are as important as chute quudng, 
(For muckuig in connection with tramming, see Art 10.) 

Wheelbarrow transport (Sro 3), exclusive of loading, costs at least 1 man-shift per 
ton-mile, and is justified only in t^poraiy work, or where first cost of track and equip¬ 
ment is not warranted. Short exploratory workings and small, irregular stopes, where 
the only alternative is shoveling, are the only proper fields for the barrow in mining work. 

Best mining barrow has 3 cu ft capacity. No 14 to 16 B A 8 gage pressed steel tray, 
handles, frame, and wheel-guard of steel pipe; max height 21 in, wt 70 to 80 lb, price 
$70-$100 per do*, fob factory. For surface work in very hot or cold climates, wood 
handles are preferable. For thin seams a fiat barrow without legs is used. 

SxsBiples. Bcmt, Mont. For periods of 4 years in the larger mines, comparative oasts of 
shoveling for different stoping method were; square-set, 100; rill, 75; timbered rill, 85; back-fill 
sloping, 120 (40). United Vxbdx, Aris. All mucking in drifts is now done by mechanical loaders 
(Sec 27). In stopes, broken ore and waste are handled by scrapers. Except for minor trr ck clean¬ 
ing, no shovels are used (H. M. Lavender. 1938). North Bcttk, Mont (Linton). Classification 
of underground labor showed: shovelers 26.8% and trammers 18.0%, as against 15.7% miners, 
indicating importance of shovel and tr'-nsport labor. Mascot, Tenn (42, p 67). 1923 contract 

shoveling. 23^ per car of 1.7 ton; aver duty over 6 mo, 16.8 ton per man. Nation No 2 minx. Mo. 
2 yr aver shoveling, company account, 15.46 ton per man-shift; contract, 22.23 ton. Southbabt 
Mo. Aver for lead district, 1922: company account, 14-18 ton; contract, 19-22 ton. See Sec 10, 
for oomporieon with mechanical loading. 


3. MINE CARS (1 to 11) 

Standard design. The importance of the underground car justifies great care in design 
or selection. If possible, a single design suited to local conditions ^ould be adopted. 
This cannot be done where hand-trammed, stope-filling or sub-level cars and larger mechan¬ 
ically hauled main-level or adit cars are all used, and in large mines several designs and 
sizes are employed. But, if a compromise design is feasible, standardization is advan¬ 
tageous in simplifying repairs and the stock of repair parts. 

Car body is of wood, steel or composite construction. Wooden cars are bulky, become very 
heavy in wet mines, are leas durable, but more easily repaired than steel. They are olMolescent in 
metal mining, and in collieries the number of composite and steel ears is rapidly increasing. Com¬ 
posite cars usually have wood stringers for the truck, and wood lining. The body is rigid, or is 
hinged on its truck for dumping in one direction, or has a king-pin or turn-table connection to truck 
to dump in any direction. When conditions permit, the body should be centered over the wheel¬ 
base, to equalise wheel loads and avoid accidental head-on dumping. Bteel bodies are now gen¬ 
erally used. 

Rigid-body, fiai-bottom cars are simpler and usually lower than others of equal capac¬ 
ity. Advant^es: ease of loading because of the low sides, simplicity, cheapness, and 



Fig 1. AU-eteel, “Low-vein” Car 


high ratio of capacity to wt. Disadvantage: they can be dumped only at tipples or on 
track dumps at fixed places. Most colliery cars are of this type. Fig 1 shows an ail- 
steel. " low-vein ’’ car (3) of 100-cu ft level capacity, with bottom below the axles and 
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no door; used ‘with rotary dump at Lynch colliery; approx wt, 4 000 lb. Fig 2 » a 
standard car of Connelbrville, Pa, district; wt, 2 200 lb, capacity 40 cu ft. Fig 3 is a 
wooden car used in sub-levels in the Mesabi iron range; simple, cheap and easily repaired. 
This sub-level car has been discontinued by Oliver Iron Mining Co in all but 2 underground 



Tuiti Bwfllila 

Fig 4, TrimountaiB Copper-mine Car 


mines; scrapers now used in handling ore from working faces to winzes, where it is dropped 
to a main-haulage level and trammed to shaft. There is very little sub-level haulage, due 
to use of Blusher hoists and scrapers (Sec 27). Fig 4 is a car 9 ft long, open at both ends. 
It has wooden or steel stringers, 2-in wood bottom with 0.3 in plate liner, outside journals, 

wt, 2 600 lb, capacity, 5 100 Ib. 
At stations of inclined shafts it is 
dumped by a cradle directly into 
skip. Fig 5 is an all-steel, 16-ou ft, 
rigid-body, sub-level car of a design 
largely supplanting Fig 4. It re¬ 
sembles the revolving car in out¬ 
line, but is about 6 in lower. 

Hinged-body car (Fig 6) dumps 
in one direction only. For easy 
handling by 1 man, its body should 

Fig 6. All-steel, Sub-level Car (Lake Shc-e Engine Works) ^ hmged not over 2.6, in forward 

of load center line. 



Fig 7 (Mich copper mine) is open at both ends; oapae, 40 cu ft. Side-dump ear, Pig 8, is 
heavily reinforced, (or taking 2-ft lump ore from rhutes, at Anyoz and Alaska Gastineau. V-sooT, 
supported on trunnions, may be single or double side-dumping (Fig 0). It is little used under- 
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groundi but for softi fine ore, discharged at the side, it may be better than the revolving type. 
The V can be made high and narrow, or low and wide as required by gangway and chute clear- 
ancea. It has no doors and can readily be made water tight. Fig 9a is a V-bottom, rolling eide- 
dump car of 45 ou ft, used together with gable-bottom cars of 47 ou ft capac for main-level 
haulage by Oliver Iron Mining Co (1938). 

Ravolving dump-car can dump in any direction, and hence is useful for metal minea. 
Body must be high enough for the bottom to clear the wheels when side dumping. To 
avoid danger of overturning, the car body should not exceed 4 ft long when handled by 
1 man. The car is therefore rather high and short. Wheels are seldom over 12 in. 
Fig 10 is a typical Butte car; wt, 965 lb; capac, 1 700 to 1 900 lb. Fig 11 is a 30 cu-ft 
oar for both hand tramming and train haulage. Scoop car (Fig 12) is usually of the 



revolving dump type. Like the V-body car, it is simplified by omitting the door, and cai' 
then be made water-tight. It i.s good for discharging into a chute, but may require a 
clearance below track level, and it is more liable to upset when side dumping. 

Hopper-bottom cars are unusual undei ground, but are good for transfer service, largo 
unit loads and motor haulage. In the Sanford-Day car, bottom doors are automatically 
successively released as they reach the storage bin, and aic closed and latched by passing 
over a knuckle on the e.xit side, the train dumping without stop. 

Saddle-back cars, holding 1.5 to 5 tons, are common on main levels in motor-haulage 
mines. Discharging from lioth sides they keeji tracks clean and fill pockets evenly. 
Fig 13 is a 6-ft car of 2.75-ton capac, with 16-in wheels and pocket couplers, used by Oliver 



Fig 7, Upcn-eud Dumping Car (Mich Chopper District) 


Iron Mining Co with the V-body car of same, capac (Fig 9o). Fig 14 shows end of a 
similar 45-cu ft car, at Miami, Ariz; it has an improved door latch. This is now (1938) 
replaced by a car of similar design, of 86 cu ft capac. 

Special bodies are requireil for drinking water, toilet and man cars. Standaid trucks with 
removable frames are best for drill steel, wedges and powder, and with side stakes for timber, 
drills and large supplies. 

Steel cars continue to displace wooden and composite cars (Fig 2, 16), which, how¬ 
ever, will long be used, e-speciaily when they have anti-friction bearings. When new, 
rigidity of steel cars often cause.s derailments, if the bearings are not self-alining and 
are without springs. Sizes of colliery cars: up to 120-cu ft level capacity and 14 ft long. 
Fig 15a is a Pittsburgh Coal Co all-steel car, for 4U-in track, of 170 cu ft capac, 14-ia 
wheels with Tyson roller-bearings and inside spring journals (L. E. Young, 1938). 
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Car TR0CKB. Wheels, axles, bearings and frame make over 0.5 the wt and 2/3 the cost of 
most mine cars. The frame may be the car bottom itself (Fig I, 2), a pair of wooden 
Btringers (Fig 3, 4), a built-up steel truck (Fig 5, 6 , 0 , 10, 12), or single rolled shape, 
usually a channel, forged into a U (Fig 11 ). The design in fig 2 insures perfect alinement 
of axles, when a wooden car bottom carries journal boxe.s. On the other hand, cars at a Mich 
iron mine have the axle boxes carried flexibly by light diagonal straps, and it is claimed 
that one wheel will climb over a 3-ln obstacle on the track without derailment. Double¬ 
tbit cs, 8 -whoel car may be used for large loads; it reduces the load per wheel for light 
rails, and can run on sharper curves than a car of same capac with tigid wheel base. 



Fig 8. Side-dump Car, 130 cu ft, Granby Miping Co, Anyox, B C 


Fig 17 is a 12 -ton car. l,arge unit loads are econoniic, and the use of double-truck cars 
will increase (see E & M J, Vol 05, p 276; 96, p 1170). Wheel ba^e. For the sharp 
curves of mine track tlie wheel base must bo short; rarely more than the track gage. 
,Kxcoptions: locomotives, b.-cause their drivers are of large diom, and cars for overhead 
'Ikype haulage, since long whinl base tends to prevent deraibneuts. For relation of wheel 
base to radius of outer rail on uur\'es, see Track gage, Art 5. 

Fig 17a is an all-steel, 6 -cu yd double-truck coal car; wt 5 300 lb, using dumping 
cylinder (Fig 17b) which returns to at-rest position by gravity. Each pair of wheels 
^running on same rail) swivels about a king post for taking curves. Wheels ha^e vert 
""play op king post for uneven track. Fig 17c has gable-bottom for sticky lead-silver ore; 
urt 4 500 lb, 57 cu ft, with double truck, allowing minimum-radius ta'ack curve of 20 ft. 
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*ttMk gage 
0Uj« ^Iron 

Fig 11, Miami (Ariz) Mine Car 


4. MINE CAR DETAILS (2, 5, 6, 7,10, 11) 

Draw-bar, coupling, and bumper. When cars are to run in trains, the frame or body 
must transmit and withstand twth tractive and impact stresses. For light cars, separate 
draw-bars should be protected by bumpers, and bo designed for 10 times the nominal loco¬ 
motive draw-bar pull, to allow for jerks, braking and abuse. Cars dumped on a rotary 
dumper should have swivel couplings, as the car can then bo rotated in the dump without 
uncoupling from train (Art 9;. Automatic couplings, due to their co.st and difficulty of 
uncoupling, or humping without coupling, are justified only for oars of over 6-ton capac. 



Capac, cu ft 

A 

B 

C 

D 

E 

B 

G 

H 

8, special. 

45" 

21 " 

18" 

21" 

12' 

24'' 

6ir 

3W 

12 , standard. 

52 

24 

20 

24 

14 

28 


38A 

16 , 

56 

30 

21 

26 

1.5 

30 

Ilk 

39 A 

20 , 

60 

30 

24 

28 

16 

32 

isIb 

42A 

24 , special. 

64 

32 

25 

30 

17 

34 

isil 

43* 


Fig 12. Scoop Car 


and should be of sijring-buini>er type. Fig 17d shows Allen and Garcia Co's semi-auto¬ 
matic spring coupling, for 4-toii steel curs; Fig 8 is also a semi-automatic type. 

Small Rietal-tnine cars arc sometimes coupled hy chains and rings at the vertical edges of bodj' 
(Fig 11). This requires 2 connections, but on curves the outer chains only arc in tension, curve 
friction is supposedly reduced, .md couplings are more accessible. Cars of 2-ton capacity or over 
should have combined sprint, - ouplings and heavy C-1 bumpers (Fig 9). 1 spring and 1 rigid 

Coupling make a good nonibinutinn for light cars, iiumpers should be rounded to avoid interlocking 
on curves. Fig 9a and 15 show device- .or safely uncoupling cars. 

Car wheels. Matebiaiui: C I, cast, nressed or manganese steel. Standard C-I 
wheels are of definite coni(iosition, aDiiea'eri to give toughness, and with deep chill on 
flange and tread. The treads are too hard to bo tnied on a lathe. Hubs are soft, easily 
worn, but readily machined and bushed. When scrapped they are salable to local foun- 
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Fig 13. Gable-bottom Car, 47 ou ft Capac (Oliver Iron Mining Co) 


impact (as iron wheels may), wear more rapidly on the tread, but are easily machined. 


In remote regions they are worth less per lb 
as scrap. Wheels of pressed-steel plate are 
tougher and lighter than cast steel, easily 
machined, but con not be made in one piece 
with self-oiling recesses. Soino mines give 
satisfactory reports of them. Manganese- 
steel wheels are hard and tough, and outwear 
any others of the same design. I’hey cost 
more, can not be machined with tool steel, 
and in many mining districts make unsalable 
scrap. Hard, smooth wheel tread gives lowest 
track friction. Dbbion. Diara, 8 to 20 in; 
tread, 2.5 to 3.75 in, coned Vi# to ®/io in 
(M C B standard coning is 1 in 20). When 
treads become grooveii, wheels .should bo 
trued on a lathe or discarded; grooving causes 
derailment on frog.s and increases tractive 
resistance, especially on curves. Flanges are 
from ^/g to 1 */8 in deep. Wheei., iieahinus. 
Loose WHEEiii are held on axle by cotters 
or linch-pins (P'ig 18a, 19c), by holts or key 



Pig 14. Saddle-back Car, Rear Elev (Miami 
Mine, Aric) 


blocks engaging annular grooves in axle 


(Fig 18), or have outside pedestal boxes and inner axle collars (Fig 4). With finished 



Fig IS. Colliery Car, Pittsburgh Coal Co, 1036. 
Width overall, 6 ft; height, 3 ft 3 7/g in; gage, 3 ft 3 Vs iu- 


collars, hubs should be counter-sunk to fit. Hub bore may be machined, or left rough for 
babbitting, or reamed out for a soft steel, brass or bronze bushing (Fig 19). Tioht wheels 
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Flc Single-track Car, Marting Ore Co, Caepian, Mich 
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Door sides 
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- 8'4'' truck centers- 
- lo'o" over strlklnir plates - 
~12' C L to 0 L of conplcrs~ 

Fig 17e. 57-ca ft. Gable-bottom Car, Park-Utah Consol Mines Co, Park City, Utah 

may be keyed or bolted through grooves in the axle; but a close fit is better, wheel being 
forced on axle by hydraulic press. Sklf-oiuno wheeuj, of numerous designs, have hub 
caps, thus making an oil 
reservoir (Fig 18), or are 
cast with reservoirs in the 
hub; they have spokes or 
wheel disks with oil-feed 
holes to the journal and 
screw plugged or spring 
capped supply hole (Fig 10 
and 18a). For large mines, 
plain and bushed wheel 
bearings are becoming ob¬ 
solete, because of the higher 
efbe of roller and ball 
bearings. RoLUER-iiEAniNu 
WHEELS are heavier and cost 
more, but so greatly reduce 
tractive resistance that they 
are rapidly replacing the 
cruder types in both coal 
and metal mines. Flexible 
and solid cylindrical rollers, 

tapered rollers and ball bearings are all in use. Fig 19a, h and e show 5 types of these 
bearings. For performance of different bearings, see Art 8. Axles may be fixed or 



ELEVATION 
Top of R»ll 


Fig 17if. Semi-automatio Spring Coupling (Allen A Oaroia) 





Fig IS. Faught Self- 
oiling Whed 



Fig ISa. Whitney 
Sdf-oiUng Wheel 


rolling. Simplest and cheapest is a square axle bolted to truck frame or car bottom 
with outside Irose wheels (Fig 10). Having no protection against dust or oil leakage, the 
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hub bore wears rapidly, increasins friction and liability to derailment. A hub cap keeps 
out most dust ai)d saves oil; bushing takes up wear and reduces friction. Roiler-beaiing 
wheels, with long bearings, are excellent on fixed axles, but they are often used in pairs on 
rolling axles, which is not a logical design; rolling axle should have one tight wheel to 
make rotation positive. Axle boxes often have no caps, and even worn axles may run 
smootlkly. Open pedestal boxes with axle held by a U-bolt are much used abroad. They 
are cheap, but the axle wears rapidly. Plain solid or babbitted boxes are better. Many 
dust-proof bearings are on the market, varying from simple shrouds, multiple felt or metal- 
gasketted boxes, to the continuous sleeve enclosing the whole axle, with self-oiling boxes, 
as the Anaconda (Fig 9) or McCaskell (Fig 19) types. Wheel oaue. Axle collars or 

wheel bearings are spaced to make 
wheel gage 0.5-0.75 in leas than that 
of straight track. M C B standard 
gage is measured at t/g in above base 
of flanges, and is i^/ig in loss than 
the straight track gage. AxLB 
BEARiisrus. Fixed axles require no 
anti-friction bearing, except at wheel 
hubs. Where axle loads exceed 2.5 
tons, spring pedestal boxes, preferably 
outside the wheel, should be used, 
relieving shock on both car and 
track and minimizing derailments. 
Rolling axles have the same variety 
of liearings as for wheels. Fig 19c is a 
Gurney outside journal ball-bearing, with spring box; Fig 19a, part of a Sanford-Day 
anthracite truck, whore Ixith wheel and axle arc loose, with outside spring box. Axle 
hearings are structurally better than wheel liearings, because on curves or poor track the 
wheels are eccentrically loaded. Tiuht and loose wheels. In standard R R practice, 
the tread coning practically compensates the increased length of the outer rail on curves, 
the outf'r wheel flanges crowding against the rail, while the inner travel on their small 
diam. With the short-radius curves of mines, wheel treads can not be sufficiently coned 
to make up this difference. Thus, on 24-iii gage, a 20-ft radius curve of 90“ requires the 
outer wheel to travel 3 ft or 10.5% farther than the inside wheel. Fixed wheels must 
therefore either skid or churn on curves. This is avoided by loose wheels. Or, as in the 




Fig 19a. Sanford-Day and Timken Roiler-bearitigs 


Anaconda truck (Fig 9), both wheels are tight, out are on separate short axles, in a con¬ 
tinuous sleeve journal. Kach axle is held in its bearing by a bolt or saddle key, riding in a 
slot cut around the a.xle weakness of this design is the 2-pieco axle and poor provision 
to meet end thrusts. McGaskell truck (Fig 19) has a similar continuous oil reservoir 
shroud between Ix^ariugs, and a s'.lid axle, with 1 tight and 1 loose wheel. The loose 
wheel gives differential travel or n:rvc.s, so that hub wear is negligible, or is provided for 
by bushing. ('a.sed roller lieariugs for the axle (3), and a self-oiling loose wheel, would 
give an ideal combination to minimize tMctivc rcsi.stance. 

Lubrication of wheels (25,27). Thorough lubrication is essential for. low tractive 
resistance. An oil bath on a standard R R axle reduces friction from 10 to 15% of what 
it is with oiled waste on one side of the journal. Open, unprotected pedestal boxes may 







cost of lubricant over plain bearings (27). Bearings are lubricated by a grease gun, 
attached to the grease-plug hole; grease is forced iir by a screw piston displacing the old 
grease. Hand guns are customary, but for large mines a grease tank with 100-lb air pres¬ 
sure, and pressure hose linos to both sides of track is better. Mode of lubrication can be 
advantageously varied with size of wheel, as indicated by Fig 516 from the Pittsburgh testa 
(4, 6). Non-hardening cup grease should be used, and roller bearings should also be 
oiled sparingly at intervals with a 
good car oil. In winter use zero-test 
oil. For effect of lubrication on 
traction, see Art 8. 

Brakes. The simplcat brake is 
a hardwood sprag, thrust between 
spokes and forcing the wheel to slide. 

It causes fiat wheels and is usually 
applied to but 1 wheel at a time. 

A lever with wood block between 
wheels brakes 2 wheels on one side. 

A simpler steel-bar brake is shown 
in Fig 3. Brake shoes of wood or 
steel, in chairs, with toggle gear 
cross-connected under body to en¬ 
gage all 4 wheels, are best (Fig 1, 2). Fig 20. Vertical Screw Brake 

Brakes should have a ratchet, latch 

or counterweight, to set or hold them. Fig 20 shows brake system on a Gen Electric 
Co’s trolley locomotive. For locomotives on steep tracks a special rail brake is some¬ 
times provided to grip both sides of a third brake-rail to control train (Fig 21). It is said 
this brake will stop within 100 ft a 100-ton train and locomotive running 8 miles per hr 
down 8% grade. 

Making vs buying cars. Special cars, as for drill<«teel, timber, water, toilet or men. 
egn advantageously be made in the mine shops during dull periods, at nominal labor coat; 
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but, for standard can, only large mines with good shops can compete with mine car 
makers, either in cost or quality of product. Freight rates on manufactured cars are 
usually higher than on lumber or knocked-down car parts. 

Present tendencies. Well-managed mines are standardizing car designs. The 
various roller and ball bearings are properly replacing plain and bushed bearings, though 

it does not pay to install exi>ensive 
anti-friction bearings for bad grades and 
poor track. M ine mgrs report cast-steel, 
rolled-steel and manganese-steel wheels 
are more satisfactory for motor haulage 
than chilled-iron wheels. 

Welding is now so readily done, com¬ 
pared with riveting or bolting, that many 
mines are replacing wooden bodies and 
underbodies by all-eteel construction. Cars 
for main haulage are becoming larger; thus, 
the gable-bottom oar (Fig 14) of 45-cu ft is 
now replaced by 75-cu ft ears at Miami, 
and in Clifton-Morenci district, and, at 
Alaaka-Juneau, 5.5-ton gable-bottom ears 
hare been superseded by 10-ton cars. 
Doorlees rigid-body oars, operated with 
rotary dumps, avoid the weakness and 
spilling nuisance of door cars and grow in favor. Colliery cars holding 4-6 tons are now common, 
where 1.5-3 ton cars were the rule. If sticky ores tend to build up in bottom of cars, rounded or 
steep gable bottoms are preferable. 



6. MINE TRACK (12 to 24) 


Wooden rails, 2 by 3 in or larger, are sometimes used in metal mines, for small-scale or temporary 
work, and in collieries for branch track in rooms or breasts. Frictional resistance to sliding of 
braked wheels on heavy grades is greater on wooden rails 
and less injurious to wheels. In its simplest form, the rail 
is spiked to the ties by 4-in or larger wire nails. A better 
form, for convenience in relaying, holds the rail by wedges 
in daps in the ties (Fig 22). Facing wooden rails with strap 
iron increases their life, but reduces sliding friction prac- 
tieally to that of the T-rail. Straps are S/g or 1/2 hy 2 in, 
fastened by countersunk spikes or screws. 


3 


Steel roils are made in 3 standard series of sections, 
the Amcr Soc C E, and A and B series of Amer Ry UW 

Assoc; also in many special shapes. For mine track Fig 22. 

thick web and broad base are best, because of use of 
light tic.s, and frequency of corrosive water. Amor Soc C E sections most nearly meet 
these requirements. R R rails are sold by the long ton, specifications usually calling for 30 


Wooden Rails 


Table 1. Rail Sections (Amer Soc Civ Eng Standard) 


Wt, 

lb per yd 

b d 

e 

t 

Long tons 
per mile 
single track 

Lb per 
100 ft 

Size of 
hole, in 

B 

L'or 

L, in 

8* 

1 »/l8 

13/16 

n 

ton lb 

12 1 280 

267 

■1 

2 

16 

12 

2 

I 


18 1 920 

400 


2 

16 

16 

2 3/8 

1 11/64 

V32 

25 

320 

533 

3/4 

2 

16 

20 

2 5/8 

111/32 

1/4 

31 

960 

667 

3/4 

2 

16 

2S 

2 3/4 

1 1/2 

l»/64 

2V64 

39 

640 

850 

13/16 

2 

16 

30 

3 1/8 

1 11/16 

47 

320 

1 000 

13/16 

2 

16 

35 

3 6/16 

I Vi 

23/64 

55 

000 

1 167 

13/16 

2 

16 

40 

3 1/2 

1 Vs 

25/64 

62 1 920 

1 333 

7/8 

21/2 

20 

45 

311/16 

2 

27/64 

70 1 600 

1 500 

7/8 

21/2 

20 

50 

3 Vs 

2 Vs 

Vl* 

78 1 230 

I 667 


21/2 

24 

55 

4 Vl6 

2 1/4 

16/32 

86 

960 

1 833 

1 

21/2 

24 

60 

4 1/4 

2 3/8 

31/64 

94 

640 

2 000 

1 

21/2 

24 

65 

4 Vl8 

213/32 

1/2 

102 

310 

2 167 

1 

21/2 

24 

70t 

4 6/8 

2 Vis 

33/64 

no 

000 

2 333 


21/2 

34 


Letters refer to Fig. 23. * Few mills roll this sise. f Heavier rails, up to ISO lb. are rolled. 
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or 33-ft lenctbB, -with not over 10% of shorts down to 24 ft. Shorter iaiiiths (18 to 27 ft) 
ore often necessary for mine track, especially at shaft stations. Relayins-rails, 56<lb and 
heavier, are usually on the market at reduc^ prices. 

Spadng of holes in rails and splice bars varies with different makers for rails bdow 40 lb, and 
should be specified when orderins; b, e, d, Q, H and f, refer to Fig 23. 0 2 F; ^ 2 F + i/a in; 

L' for 4-boit joints, up to OS-lb rad; L for 6-bolt 
joints, for 70 lb and heaviw. 

Weight of rail. Fob btkxnoth: Fig 24 
shows minimum wt of rail and max single- 
wheel load recommended for 1 ^/s and 3-ft 
tie spacings, to give reasonably low stresses. 

Heavier rails than indicated for given loads 
will reduce track resistance and msuntenance 
costs, while lighter rails should be used only 
for temporary work. For locomotives, rails 
lighter than 25 lb will not keep aline taont, and should not be used on main lines. Fob 
coNoucmviTT: rails for heavy traffic are usually amply large for return circuit for electric 
haulage, but with light equipment the size of rail for economic conductivity, rather than 
the wheel loads, may be the limiting factor in determining wt of rail. Rails carrying 
0.25% Cu are reported by J. O. Greenan (15) as being ton times more resistant to acid 
mine water than non-cuprous rails. 

Bonding. The contact resistance of ordinary rail jointa is so great as to be equivalent to an 
open circuit. The best of bonds should be used under splice bars, and rails should be cross-bonded 
at about every third length, the rail circuit being connected to the negative pole to minimize corro- 
eion. (For rail bonds, see Bee 10.) 

Uyii joints should have as nearly as possible the same strength and stiffness as the solid rail. 
Expansion is allowed for by leaving spaces between rail ends, using splice-bars with slotted bolt 
holes, and drilling the rail holes Vs to 1/4 in larger than the bolU. Flat fish-plates (Table 2, and 
Fig 23, .4 and K) are made for rails up to 40-lb, but for rails over 25-lb the angle-bar splice (Fig 23, C) 
is better. Elbctric wcnniNo is the best modern method of bonding, and is becoming standard 
practice for main-line track, for both bonds and joints. 

Track spikes, to have the greatest holding power, shoxild be straight, smooth, of uni¬ 
form cross-sec, and with a sharp cutting edge beveled back 2 diams. Spikes of different 
makers vary over 10 % in wt; number per keg should bo verified when ordering and 
allowance made for extras. Spikes are staggered on opposite sides of the rail, and the 

stagger reversed for the other rail, the 
inside spikes being near the same side of 
tie. If ties are first bored with holes 
l/g in smaller than the spike, the holding 
power is greater, but to follow the bole, 
spikes must be pointed instead of beveled. 

Screw spikes increase life of ties, are 
more effective, but cost more. Though 
much used abroad, and almost indis¬ 
pensable for tropical hardwood, they are 
not yet common in U S, but arc replacing 
driven spikes on some R R lines. Holes 
must be bored for them. 

Wood ties fur standard-gage track are 
8 to 9 ft long, not less than 6 in thick, 
flattened to at least C in face, or, if sawed, 
minimum cros.H-scc is 6 by 8 in. For 
narrow-gage track, length of ties should 
be twice the gage, at least f /4 in thicker 
than spike length, and 1 */8 times spike length in width. But for light or temporary 
work, or prospecting, tics are often no thicker than the spike length, and but 4 in longer 
than distance between outside spikes. 

Steel ties of pressed and rolled steel, have the advantages of lightness, strength, dura¬ 
bility (where mine water is not acid), and of requiring less depth or headroom. They 
should have flanges along all edges, extending into the roadlied to hold them in place. 
Rails are fastened to them by bolts, or clips and wedges, or combinations of these. Fig 26 
shows some uf the numerous designs. 

Spacing of tiea. Average for standard gage is 24-in centers. Underground ties are 
apac^ from 16-in, on some main haulage ways with soft, bed, to 4 and even 6 -ft center|in 
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Ttbie 8. Kail Jointa (Cambria Steel Co) 


Wtof 
rail 
per yd, 
lb 

No of joints 
per long ton 

Track bolts 

Splice 
bars, 
wt per 
pair, 

Ibt 

Wtof 
rail 
per yd, 
lb 

No of joints 
per long ton 

Track bolts * 

Splice 
bars, 
wt per 
pair, 
Ibt 

24-ft 

rails 

33-ft 

rails, 

10% 

shorts 

Size, in 

No per 
200-lb 
keg 

24.ft 

rails 

33-ft 

rails, 

10% 

shorts 

Sise, in 

No per 
200-lb 
keg 

8 

35.00 

25.86 

V2 X 1 »/4 

952 



Ek9 

5.17 

6/8X3 

417 

16 

12 

23.33 

17.24 

V2 X 1 3/4 

952 

2.58 


6.23 


3/4X3 

278 

18.6 

16 

17.50 

12.93 

V2X 2 

909 

4.53 



4.M 

3/4 X 3 1/4 

267 

25.3 

20 

14.00 

10.34 

1/2X2 

909 

3.71 


5.09 

3.76 

3/4 X 31/2 

256 

29.2 

25 

11.20 

8.27 

6/8X21/4 


5.60 

60 

4.67 

3.45 

3/4 X 3 1/2 

256 

32.3 

30 

9. 34 

6.89 

6/8 X 2 1/2 


9.10 

65 

mi 

3.18 

3/4 X 3 3/4 

247 

35.4 

35 

e.oo 

5,91 

6/8 X 2 3/4 

Kfil 

n. 1 

70 

Ol&i 

2 95 

3/4 X 3 3/4 

247 

54.6 


* Track bolts of different makers may vary 
over 10% in wt. Those in the table have square 
nuts; for hexaKon nuts, add 5% to No per keg- 
Length does not allow for nut-locks. 

t For 8.5-lb rail and lighter, 4-boIt joints; 
others, 6-bolt. Fish-plates for 26-lb and iigbter 
(see A and B, Fig 23); angle splice bars (C, Fig 
23) are for 30-lb and heavier. To join rails 
of different wts, os may be required in passing 
from main to branch track, special offset fish-plates and step-ohairs are used (B'ig 26). 



Fig 25. Offset Fish-plate 


Table 3. Track Spikes 


Size 

under head, 
in 

No per 
200-Ib 
keg 

Ties 2 ft centers 
4 spikes each 

Suitable 

rail, 

lb per yd 

Size 

under head, 
in 

No per 
200-lb 
keg 

Tics 2 ft renters 
4 spikes each 

Suitable 

rail, 

lb iier yd 

Spikes, 
lb i>cr 

1 000 ft, 
single 
track 

Kegs 

per 

mile, 

single 

track 

Spikes, 
lb per 

1 000 ft, 
single 
track 

Kegs 

per 

mile, 

single 

track 

2 1/2 X 6/,8 

2 230 

179 

4.74 

8 to 12 

4 1/2 X 7/18 

690 

580 

15,45 

20 <0 30 

2 1/2 X 8/8 

1 650 

243 


12 to 16 

4 X V2 

605 

652 

17,58 

25 to 35 

3 X8/8 

I 380 

290 

7.96 

12 to 20 

4 1/2 X 1/2 

518 

772 

20.40 

25 to 35 

3 1/8 X 8/8 

1 250 

320 

KKl 

12 to 20 

5 X 1/2 

475 

841 

22.30 

35 to 40 

4 X 8/8 

1 025 

390 

■Era 

16 to 25 

5 X 9/16 

405 

988 

26 15 

40 to 56 

3 1/2 X 7/ie 

890 

450 

11.88 

16 to 25 

5 1/2 X 9/16 

360 

1 120 

29.33 

45 to 90 

4 X 7/M 

780 

515 

13 65 

20 to 30 

6 X 9/16 

320 

1 250 

33 00 

50 to too 


room or stopo tracks. An excc.ssive span, with light rails or hca^’y wheel loads, greatly 
increases resistance, and the bending rails loosen spikes and cut tics. For relation of tie 
spacing to wt of rail to be used, sec I'ig 24. 


Track stringers. For soft roadbeds, broad, 
close-spaced ties are used, but in some mines a 
satisfaotory track is made by using heavy stringers, 
4 by 8 or 5 by 10 in, laid on the flat under each rail 
and omitting ties. 

Tie plateB are used to protect ties under rails and 
at spike holes. They are seldom used in mines, but 
are justified under heavy traffic, or with treated 
tiee. Rail uraces, to reinforce outer rail on curves 
and switches, are advisable for high-speed haulage. 

Life of ties. In K R service, hemlock, 
tamarack and white pine t c» aver at least 5 yr; 
cypress, chestnut, white oak, and cedar, 7 to 
16 yr. Generally, the timber most cheaply 
obtained locally is used for tics, as their life, 
except where animal haulage is used, is usimlly 
longer than that of the mine working. J*re- 
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Fig 26. Steel Ties and Rail-fastenings 


■ervative treatment is economical only in main entries or long adits. Soft ties are oftener 
s^m out by bpxks-xiixiko and rail-cutting than by decay; in narrow-gage work, it is 
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well to use Ic ng ties, so that they may be shifted longitudinally when relaying, to afford 
new places for spiking. For frequent relaying, as in room work, wood ties are spike- 
killed in from 1 to 5 relayings; steel ties, barring corrosion or accident, last indefinitely. 

Track ballast may be of broken stone, gravel, tailing, waste, cinders or slag. The 
standard of Amer lly Engs & Maintenance of Way Assoc, for Class C R Rs, is a 6-in 
layer of gravel and chert under 8-ft ties, with 3 to 1 slopes beyond the ends and filled 
to the tops at center; or, with ties at 24-in centers, 1 ISO cu yd per mile. Sitecial ballast 
is rarely needed for mine track. The floor is generally hard, and care of the drainage 
ditches will usually remedy soft spots. Ballast will not help a swelling or heaving fioor. 
With animal haulage, roadbed and ties aie worn by the hoofs and require more frequent 
renewal than for other haulage systems. 

Track gage should not be leas than half the extreme width of car or locomotive. Max 
gage is limited by the roadway clearance and sharpest curve. 

A crude empirical rule, where wheel-base docs not greatly exceed gage, is: Gage < 4, 

where R is the shortest radius. Gages ’'ange from standard, .'>6.5-in, down to 12-in. Iii inctai 
mines, 18 to 24-in are commonest; in coiiieries, 30 to 42-in. AnvANTauBs or broau oaob: sta¬ 
bility, large-capacity cars, lower total cost of rolling stock and lower operating cost per ton. Autan- 
TAOBB OP NABROW GAOB; lower tifst cost of entries and track, and the uhorter-radiua curves which 
arc. made possible. Gaob on cubvbs must be increased, to prevent binding of wheel flanges. In 
R II practice, for each 2° over 8° of curvature, the gage is l/s in wider, to a max increase, including 
wear, of 1 in. For sharp curves of narrow-gage track, wheels may require all the extra play that 
their width of tread will allow. The increased gage is obtained by starting the curve of inner rail 
before the “ point of curve ” is reached (Sec 17). 

6. LAYING OUT CURVES, SWITCHES, AND CROSSINGS 

(12, 13, 14, 23, 24) 

Track curves. Simple circular curves fill all speed requirements of underground 
track.s, and easement or transition curves are unnecessary. Duubbe of cgbvatcrb D is 
the angle at the center subtended by a chord of lOU ft; but curves of less than 200-ft 
radius are bo.st designated by length of radius R. Trigonometric relations between the 
elements of circular curves, and modes of laying them out, are given in See 17, 

Layout of curves is done by transit methods, or in various ways requiring no instrument 
work, lliey should not ho left, as they often are, to the unguided judgment of trackmen. 
A reasonably accurate curve layout can be 
made without a transit by means of offsets, by 
using a rod ah (h'ig 27) 10 ft long, and with a 
right-angle offset dc at center d, of a length = 

Jlf, as given in Table 4 for curve of required 
radius. The curve is started with the rod 
laid in prolongation of the tangent from the 
I* C (Sec 17, Art 32) in the position af/. Offset 
d'e will then indicate the first point c on the 
curve. Sulisequcnt points will be indicated by 
point h when rod ah is laid inside the curve. 

When the P C and P T are within sight of each 
other, the middle and qxiarter-ordinate method 
is most convenient. When workings are driven 
by directions from tlic engineer’s office, blue¬ 
prints should be furni-shed for placing timbering 
and track as indicated in Fig 28, 29, with a 
minimum of instrument work. 

Minimum-radius curve is limited by length 
of wheel base, diam of W'heels and flange clear¬ 
ance. Fig 30, from an empirical formula 
(Baldw'in Locomotive Wks data), gives safe 
values for curves of same gage as on straight track. With liberal spread for gage on 
curves, 10 to 25% may be added to wheel-base dimensions. 

Bending rails. The ccramon rail bender, the “ Jim Crow ” (Fig 31o), is made in 4 
sizes for different wt of ran, the span lietween claws being 16 to 24 in. Roller liender is 
a convenient modification, and hydraulic or pneumatic benders (Fig 31, b) are made for 
heavy rails. Rails are bent to fit curves of given radius by the middle and quarter- 
ordinate method (see above); or, for short radii, by laying out the curves of both rails in 
chalk on the shop floor, the value of M for same length of rail being greater for the inner 



Fig 27. Laying Out Curve by OITaets 
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rail (Table 4). If bent in the shop, the max length of a curved rail is limited by Size of 
shaft compartment. Difference in length of inner and outer rails, D >■ gage X length of 
curve 4- radius of curve. 



Fik Curve Layout T 


Superelevation of outer rail, to balance centrifugal force, is c = dV® -5- gR, where 
c elevation of outer rail, in; d = di.^tancc betw<*c*n centers of rails, in; V = velocity, 
ft i»er sec; g =* acceleration of gravity, ft per sec per sec = 3U.2; R = radius of curve, ft. 



Fig Layout for Double Turnout 


On grades, these elevations should be reduced. With rope haulage, the cross pull of 
the rope on curves modifies conditions, and may even require that the inner rail be olevated 
(Art ISj. On self-acting planes, track on curves can not satisfy requirements for travel 
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Table i. Middle Ordinatea M, in lacbea, of iO«ft Chorda 


Radius, 

ft 

Center 
line 
ord,in 

Correction, for inner, — for outer rail, in * 

Gage, 15 

18 

24 

30 

42 

561/2 

7 

25.2 

-f-3.8 -2,8 

4-4.8 -3.3 





8 

21.1 

-b2.6 -2.0 

+ 2.9 —2.2 





9 

18.2 

-bl.7 -1.4 

+ 2.0 —1.6 





10 

16.1 

+ 1.2 -1.1 

-i-1.5 -1.3 





12 

13.1 

dbO.7 

+ 1.0 -0.9 

+ 1.2 -1.0 




15 

10.3 

0.5 

+ 0.6 -0.5 





20 

7.6 

0.3 

+0.3 





25 

6.1 

0. i 

0.2 

0.3 

+ 0. 4 -3 



30 

5.0 

0.1 

0.1 

0.2 

+0.2 



35 

4.3 

0.1 

0.1 

0.1 

0.2 

+0.2 


40 

3.8 


0.1 


0 2 

0 2 


45 

3.3 



0.1 

0.1 

0.1 


50 

3.1 




0.1 

0.1 


60 

2.5 





0.1 


75 

2.1 






+0 2 

100 

1.5 




. 


0 1 


* Correctiona are for ordinatea of 10-ft rail chorda, not for chorda taken radially from 10-ft 
center-line chord. 


in both directions, and level tics, guard rails and slow speed are the compromise. Fig 51a 
shows tests. 


Fitting track for temporary work without cutting rails. For headings or track gaps, a loose 
rail is laid on its side along inner side of each track rail, with loose rail head against web of 

track rail. The wheel flanges then run on web 
of loose rail, which need not be fastened or 
match track joints. To put in a curve without 
cutting main rails, spread end rails and fasten 
right and left beveled switch points at required 
P C inside main rails. 




Fig 30. Minimum-radius Curve 


(a) ~ (y 

Fig 31. Rail Benders 


Switches (10). Standard point and stub switches and many other devices are used 
in mines to transfer cars from one track to another. The point or split switch (Fig 32) 
consists of 2 “points" or latches, lead and follower turnout rails, and frog with guard 



rails opporite frog. On blunt switches the toes of the frog and hods of the point rails 
meet, otherwise filler rail lengths are inserted. Facing a switch, it i.-i passed from the 
point end; trailing, from the frog end. Standard formulas for switches and turnouts are 
given by American Mining Congress, May, 1932 (12). 
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Frogs. The rail crossing may be a single casting (Fig 33), preferably of manganese 
steel, or be built up of rails. Fixed-rail frogs may be filled and bolted, for heavy track, or 
riveted on plate for light track (Fig 34). Spring-rail frogs have one wing rail movaUe, 
but held by a spring against the frog point so that wheels on the main track pass over 

no gap. Standard frogs have straight rails, but, for 
narrow-gage blunt turnouts, curved frogs are better, 
though they are not interchangeable for right- and left- 
hand turnouts, and a turnout guard-rail should be pro¬ 
vided. Fboo number is the distance (Fig 34) from the 
point of frog to any point at which the spread between 
gage lines is measured, divided by that spread; or it is 
the total length of frog C divided by total spread A + B. 
For curved frogs the spread is measured to tangents 
from the frog point. Grade frogs may be avoided by raising the lead rail, and carrying 
the wbeel-flango over the unbroken main rail by a latch (Fig 33). The sharp rise of the 
lead rail, and the latch closing the main rail are objections. Some mines use a reversible 
frog block to fill the flangeway of the closed track rail. It is effective, but causes de¬ 
railments if misplaced and should bo unnecessary with proper design. Fig 33a shows 



Fig 33. Cast Frog 
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pln''^' 

Section et Pin-X 



Fig 33a. Froglcss Switch, N J Zinc Co (2) 


an ingenious arrangement of a pin-swivoled piece of rail taking the place of a track frog. 
Fig 49 is a simple station track layout. 

Switch layout (10). In Fig 32, let F be frog angle, N frog number, G track gage in ft, 
R radius of center line of switch curve in ft, and L switch lead in ft. The lead is the dis¬ 
tance parallel to main line from switch point to frog point, and must be known to locate 



the frog properly. Assuming a switch with curved point and frog rails, or a circular curve 
from point of switch to point of frog; 

N « 1/2 cot^liF L -i- 2G ^ R-i- L VJT+Yu 


sin 1/2 F 


4 . 


G 

Iti 4- V 2 C) 


L = 2 GX =• R -i- X 
R - LX - L* + 2 t? 


Vg^ + 2 at 


(approx) 


(R -j- 0.5 G) sin F - V^G/f 
L G.V* - (L ain F) -0.5 G 


Total length of lead rail from point of switch to point of frog ■« wing rail + point 
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rail + filler 
modified: 


trR {F + 180). With straight frog and poiat rails, values of L and R are 


J2 


0 — w ain F — h 
coa a — cos F 


-l/jG 


L * (B + 0.6 O) {sin F — sin a) + w cos F p 

in which a is angle of point rails, w » length of wing rail, h >■ heel distance, and p length 
of point rail. For a doobub tubhout or 3-way switch (Fig 36), let Fm be the center frog; 

then, sera i/a Pm (B + Vt Q " - B + 2 )V«. 

Stub switch (Fig 37) is simpler than the point switch, and cheaper if both are made 
at the mine; if supplied by manufacturers, the stub saves little. If the switch has no 

locking lever, derailments may be caused by the rear wheels 
throwing the switch rails. This danger is reduced by making 
the turnout stub rails parallel to the main rails for a distance 
equal to the car wheel base. Special tie plates or chairs (Fig 38) 
should be used for stubs. A modified form of stub (Fig 30) 
eliminates the frog, and is good even for motor haulage, if there 
is enough room for the rods. 

Automatic switches have their latches or points normally 
held by a spring to clear one track; facing trains must follow 


u u u □ u u 

Fig 36. Double Turnout Fig 37. Stub Switoh 

that track, but trailing trains may pass from either track, the wheel flanges forcing the 
point over against the spring when coming from closed track. These switches may have 
a lever to engage a projection on motor or car for flying-switch work, but head tie bar 
shoxild then have a spring connection to the throwing lever to reduce impact. The auto¬ 
matic switch is especially serviceable for by-passing at tipples, shaft stations and sidings. 
In Fig 40. a is a simple automatic switch; b, combined with lever throw. 

Finger or single-latch switch, a modified point switch, omits one point rail and the frog. 
The turnout is an angle instead of a curve, but it is a cheap and good switch for light, 
narrow-gage work. Fig 41 shows its application to a 3-way switch; F'ig 43 to a crossover. 





Fixed switch (Fig 42) is suitaUe only for hand tramming or animal haulage. All rails 
are fixed, but with liberd flange clearances at the points, and cars are crowded toward the 
turnout or against the unbroken main rail to take or pass the switch. Lowering the outer 
rails slightly at the turnout helps to protect main-line traffic. 

Double crossover or diamond siritch is the standard for tipples and shaft bottoms. 
Fig 42, 46, show cases where distance between tracks is greater than the gage, and Fig 44 
where the distance is lesa 


































































LAYING OUT CURVES, SWITCHES, AND CROSSINGS 11-23 




Fig 43. Cronover Finger Switch Fig 44. Diamond Switch 



Fig 45. Double Crossover or Diamond Switch 


Track crotsing may be an assemblage of frogs, or a built-up riveted plate (Fig 40). A crude 
crossing which avoids cutting for flange-ways is made by running 1 track highe. than the other 
by the depth of the rail, and carrying it across by one long pair or iwo short paim of latches. One 
track is thus always blocked. 

Turnsheets (tarantulas), of 1 / 4 -in or heavier plate, fastened to sills by countersunk 
wood screws or drift bolts, are the simplest switching device; suitable at shaft stations, 
turnouts and crossings, when the gross wt per car 
does not usually exceed 3 OOO lb. Sheets should bo 
hnished on edges and supported by planking or con¬ 
crete unless the sills arc closely spaced, hlarcd tread 
POINTS or rounded guards are riveted to plates to 
guide wheels onto tracks. Fig 47 shows a tumsheet 
shaft station; Fig 45, a track-laid station. 

Turntables are for cars or motors too heavy to handle 
on a turnsheet, where there is not room for a track switch, 
or where ground is too heavy for the long caps over turnout 
curves. Construotioii; a pair of rails on a swivel platform 
of plank or steel, or a circular C-I plate, with ball or roller 
bearings, on a base ring, os furnished by maken of indus¬ 
trial track. 

Transfer carriage, a low-truck car on a sub-grade cross- 
track, carrying rails to fill corresponding gaps in the main Fig 46. Riveted Plate Crossing 
or side tracks by moving the carriage, thus transferring 

COTS from one track to another. It is much used in industrial plants, and sometimes at shaft tope 
for loading into bins. 

Shaft bottom or station track layout (13) must provide for rapid handling and minimum 
interference of empty with loaded cars. Standard colliery shaft bottoms have a wide 
through entry across wsill plates, with double crossover on both sides and grades in favor 
of traffic, so that empties will run to the switch when pushed off the cage by loaded cars. 
A by-pass track returns empties, when production from both sides is not balanced. A 
through station with a blind end should have kick-back and spring switch in place of a 
double crossover. A power lift (Fig 48). to raise empties to top of return grade, makes 
ha pdiln g rapid and automatic. Fig 49 is an end-on shaft station with 8 spring switches 
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Fig 50a. Tramming Level, Miami Copper Mine, Aria (see See 10) 
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(a), and 2 throw switches (b) and (c), making switching of empties automatic to track A 
or D (see also Sec 12). 

Main haulage levels in wide deposits are planned with itarallel loading crosscuts, 
connected in loops or curved into a main return drift. Hence, the locomotive usually 
travels in but one direction, hauling a train of empties from the shaft, dropping the rear 
cars singly at loading chutes, while picking up loaded cars ahead, and pushing them 
around the loop and back through double-track main drift to the shaft (Fig 50, 50a, 51). 

Fig 51 is a shaft-bottom layout in W Va, where 2 cars are dumped by a rotary dumper; 
using battery locomotives, 3 men handle 3 500 ton of coal per shift. Ample storage space 
must be provided for both loaded and empty cars. 

7. MINE TRACK COSTS 

Arizona. 3fl-lb rail, 24-in gage, ties IS in centers; length 7 000 ft, in medium hard ground: 
labor digging bed and laying track, £0^ per ft; ties, 4 by 8 in by 3.5 ft, $27.50 per M bd ft, fob 
mine, including 10% waste, 13^ per ft; rails, 30 lb, at $37 per ton, plus liauiage to mine, 39^ per ft; 
spikes, fish-plates and bolts, 7.5^, shop labor, etc, 1.5^; total cost per ft (prewar), $1.11. Turn¬ 
outs and points, fob factory, $20 per set. 

Miami mine, Ariz (F. W. Macleniian, 1025). 45-lb rail, 24-in gage, ties 24 in oenlors: labor, 
25^ per ft; rails, splice-bars and spikes, $1.17 per ft; tie.s, 4 by 8 in by 3.5 ft, at $35 per M, 16(! per ft; 
total, $l..'i8 per ft. Turnouts, complete, $100 ea. 4.5-lb rails have a life of 6 000 000 tons hauled, 
whereas 70-lb rail, now u.sed for heaviest traffic, may do double that duty and still be serviceable 
(R. W. Hughes, 1936). 

Idaho. 3.5-lb rail, 18-in gage, ties 2.5 ft centers: labor bringing material from surface and 
laying 1 mile of trank, $501.00; 2 112 ties, 4 by 8 in by 3 ft, 11.2)1 ea, $236.54; 55 tons rails, at 
$41.08 (July, 1013), $2 259.40 , 360 splice bars (4 356 lb), at $2.70 per 100 lb, $117.61; 1 440 bolts 
(625 lb), at $2.60 {^r lUO lb, $10.25; 10 .300 spikes, 0.5 by 5 m, 4 140 lb at $2.75 per 100 lb, $113.85; 
total cost 1 mile single track (prewar), $3 334.65 =• $0,031 per ft. 

Mesabi iron range. Main haulage track, 40-lb rail, angle-bar joints, 4-ft round timber ties 
faced to 6 in thick, 2 to 3 ft centers depending on the ground, cost $45 to $50 per 100 ft. riub-level 
drift, 12-lb track, fish-plate joints, 3-ft ties of half-round lagging over 3 in thick, 2 to 3 ft centers, 
$18 to $22 per 100 ft. 

FresniUo, Mez (1923). 50-lb rail, 36-in gage; ties, 6 by 8 in by 6 ft, 24-in centers. Cost per ft: 

labor, $1.60; supplies, $1.76; exclusive of rails and splice bars, which were charged to equipment. 

Oliver Iron Mining Co. Tramming tracks, GO-lb rail, min radius of turnout 25-ft, with No 3 
curved frogs; grade 1/2 to 1% favoring loads; ties, pine or tamarack, 6 by C in by 6 ft, spaced 
2-ft centers. Power, 25()-volt d e, delivered through feeders to 40 overhead copper trolley wires. 
Locomotives 6-ton elec trolley, double-end control, 30 h p; cars, 2.75 to 4-ton, gable or V bottom, 
with 16-in wheels, roller bearings and pocket couplers, loading normally from chutes into oars 
(Fig 9a). Main-level drifting by moohanioiil scrapers into cars dum[>ed by hand into shaft pocket: 
tramming, max speed, 5 miles per hr; 10 to 15 cars per trip. 

Cost of track varie.s widely: approx cost can be computed by figuring that 4 laborers 
and 1 welder cun lay about 1.10 ft of track in 8 hr. To this add delivered cost to place of 
laying of rail, angle bars, bolLs, spikes, ties and cost of special work, as switches and frogs 
(G. K. Diehl, 1938). 

Table B. Track Costs (a), Pittsburgh Coal Co, 1938 (L. E. Young) 



Kail or 

Creosoted 

Aeces- 


Labor 

Total 


turnout 

ties 

Boriea (b) 


Track, 60-lb, per ft.... 

$ 0.7249 

$ 0.6720 

$0.1624 

$0.1125 

$ 0.3117 

$ 1.9835 

“ 40-lb, ■■ “.... 

0.5280 

0.4620 

0.1330 

0.0900 

0.2558 

1.4688 

1 No 4 turnout, 60 lb.. 

no 00 

40.80 

4.44 

3.42 

24.58 

183.24 

1 No 3 turnout, 60 lb.. 

93.50 

39.12 

4.11 

2.61 

21.24 

160.58 

1 No 3 turnout, 40 lb. 

59.50 

23.55 

4.44 

2.02 

14.46 

106.97 


(a) Exclusive of trolley, entry grading, excavating bottom, widening and straightening entry. 
(b) Includes welded U-bunds and crossovers. 


Table 6. Trolley Costs, Pittsburgh Coal Co, 1938 (I< E. Young) 



Trolley 
wire (a) 

Accessories 

Guard board 
and clamiis 

Labor 

Total 

100 ft 6-0 trolley wire. 

100 ft 4-0 trolley “ . 

4-0 butt-entry turnout. 


$13.40 

13.40 

34.79 

II 65 

$1.80 (6) 
1.33 

5.92 

$38.45 

28.38 

60.36 


(a) Prices as of Aug. 2, 19.37. (5) Kstimai,ed. 


Colliery tracks: It eat Va Coal & Coke Cerp. Cost per ft of 20-lb rail track on 3 by 5-in ties 
(1938): \tith wood ties: rail, $0 368; spikes, $0,012; ties, $0,070; bolts, $0,006; splices, $0.(^0. 
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Total |0.47(< par ft. With steal ties: rail, $0,368; splioea, 10.020; ties, $0,200; bolta, $0,006. 
Total $0.fi9'4 par ft. Labor oost of 20-lb room and entry track, about 10^ per ft; for bonding with 
2/0 bonds, 20^ per ft. 

8. TRACK AND CAR RESISTANCES (25-29) 

TractiTe resistances comprise rollinic resistance between rails and wheels, bearing or 
journal friction, inertia or resistances of starting and acceleration, and resistances duo to 
grades, curves, and atmospheric friction. Coefficibntt of tractive resistance is commonly 
measured in terms of lb pull per ton gross load. 

Rolling resistance factors are not well determined. Resistance does not increase proportionately 
to wheel loads; it depends greatly on condition of track and roadbed; perfectly uniform track 
eliminates most impact and oscillating resistances. Jockkal friction per ton is a minimum: 
(a) with heavy wheel loads; (b) with minimum diam axles and max diam wheels; (c) with car 
speeds from 10 to 20 miles per hr for standard R R, and probably half that speed fur mine equip* 
meut; (d) with perfect lubrication; (e) with ball bearings. According to bne-shaft tests by Thomas 
and Maurer (Amer Soo Mech Elngrs), i oiler bearings consume 2.2 to 3 timee the power of ball bear¬ 
ings, and babbitt bearings 3 to 4.5 times. STARtiNo bbustamcb is uinaily 1.5 to 3 times the run¬ 
ning resistance; on dirty track, after long standing, or in cold weather, it may be 5 times as much. 
This peak load may be greatly reduced in train work by firet backing and then picking up the 
care one by one; this is wded by spring couplers. Inbbtia (resistance to acceleration) may be 
computed from 70 (Vj* — Fi* -i- S, or jP =• 95.6 (F* — Fi) + (; where P “ force, lb per 
ton, required to increase veloo from Fi to Fj miles per hr, in i8 ft or t seconds. If starting front rest, 
Fi » 0. A good empirical formula (T. Robson) aUowing for rotary aeoel of wheels is: P — 107 F; 
where F increase per aeo of epoed in miles i>er hr. In R R service, F 0.2 to 0.5. 

Track resistance. Baker’s tests on perfectly dean track gave 19 lb tractive resistance 
per ton; same track, coated with ^/g-in fine dust, 28 lb; with l/g-in powdered stone, 401b. 
Fies (38, p 769) reports coal cars slide with spragged wheels on damp steel rails on 12** 
pitch, so that wood rails are used in rooms of 12'* pitch and over. 

Grade resistance = wt X sine of grade. For grades under 10%, there is no appre¬ 
ciable error in assuming grade resistance at 20 lb per ton of moving wt for each percent of 
grade. At 10%, the error is -f- 1 lb. 

Gradient of equal traction is the grade at which the rosistanoe of an aseending empty oar is equal 
to that of a dcsoending loaded oar. Drifts and adits should be driven at this grade, unless drainage 
or other considerations prevent. Exeeptions: In hand tramming with poor track or oars, it is 
wise to keep the grade 0.1 or 0.2% above that of equal traction, so that the loaded oar will move 
easily, and the trammer can give due attention to preventing derailmeuts. With motor haulage, 
this grade may also prevent overheating motors by light running in one direotion. Formula for 
grade of equal traction is, iin g » fM + U — /') e + (M -f- 2 e), where g »> angle of grade in favor 
of load; M « net wt of mineral, tone; e wt of car, tons; / •• ooeif of tractive resistonoe for the 
loaded oar on level track; /' »> ooeff for empty car. Table 7 shows that the dilference bet men 
/ and /' may be considerable. An approx formula for grade of equal traction, assuming /■■/', is 
% grade (/ilf X 100) + (Af -I- 2 e). Practical determinations of / and f are ecanty. I’re- 
vailiug gradee in important adits are 0.4 — 0.6%. 

Angle of rolling friction, A/ = angle at which ear will continue at rest or in uniform 
motion. Tan A/ — coeff of rolling friction of car «■ % grade of repose, and varies from 
below 1% for large roller-bearing loaded cars on straight heavy rails to over 4% for idain 
bearings on straight wooden rails, and higher on curves. F. E. Brackett reports tests of a 
colliery car with loose 18-in wheels, wheel base 24 in, gage 42 in, wt loaded 6 400 lb. Grade 
of uniform gentle descent: on 4 by 4-in wood rails, 4.23 to 4.35%; on wood rails, 
with 0.5 by 2.5-ia straps, Af 1.83 to 2.03%; on steel T-rails, Af 1.62%. 

Angle of inertia, starting car or train from rest, » Af r 8ia~> (107 V -h IT), where 
V accel in miles per hr per sec and IF » gross moving^ wt, tons. ANOiiS of blidino 
FRICTION »■ angle at which cars with brakes set or wheels spragged will continue to coast. 
On grease-covered roils it may be as low as 6 to 8% for loaded cars, while with clean rails, 
steel-tired wheels may hold al^ve 14%. It is usually unsafe to trust brakes alone on grades 
of over 6% on steel rails; on clean, dry, wooden rails, the coeff of friction is greater. 

Curve resistance for standard-gage track varies from 0.5 to 1.72 lb; gencr^ly taken as 
0.8 lb per ton per deg of curve. On short-radius curves used in narrow-gage tracks, the 
factor is variable and with worn wheel treads is considerably higher. Norri.s's tests 
(Trans A I M E, Vol 18, p 514) showed 21 lb per ton friction due to curve for a single car 
on 85-ft radius curve, and 7 lb per ton for a 20-car train moving at 1 000 ft per min on 
curve of 350-ft radius. For effect of fiat and banked curves, with different oar-wheel 
bearings, see Fig 516, also (26). 

Air resistance varies approx with end area and length of train, and the square of its 
veloc, and is independent of train tonnage. It is usually unimportant in mine haulage, 
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bat because of the piston effect of cars in amall-aeotion gangways, it diould be taken as 
equivalent to a wind veloc double that of the train. With a 20-car train at 10 miles per hr, 
the total air resistance may be 50-100 lb. 

Coefficient of traction (ratio of draw-bar puU to wt of moving load kept in uniform 
motion on a straight level track tan Af) may be obtained from Table 7 and Fig 51a 
These are the best available data, but conditions as to road-bed, track, diam, hardness 
and smoothness of wheel treads and lubrication are factors, so that for any given case the 
data must be applied only as approx, unless all conditions are as speciffed. 

Liebermann's tests (Table 7), on Hyatt-Hockensmitb bearings, showed 48% saving. Cosldale 
Colliery tests were with new equipment, 0-car trains, on pterfect surface track; starting effort 
determined on “ almost level track." Greensburg tests were for 20-oar trains, under working 

conditions. The Virginia Iron, Coal 
& Coke Co’s tests, for 3 trips of 20 
cars with 3.1 tons coal each, haul 3 250 
ft, averaged: for trip with solid-hub 
wheel, 14.0 min, 21.0 kw-hr « 0.55 
kw-hr per coal-ton-mile; for trip with 
Whitney Wonder solid-roller bearings, 
7.5 min, 8.8 kw-hr — 0.23 kw-hr per 
coal-ton-mile » 50% saving in time 
and 58% in haulage power. Makers 
claim resistances as low as 9 lb per 
ton for roller-bearing mine cars; prob¬ 
ably under working conditions IS to 
18 lb per ton on straight level track is 
often realized. It is the practice of 
mine locomotive builders to assume 30 
to 40 lb average resistance in mines 
unless otherwise advised. 


Tests at Pittsburgh Experiment 
Station, U 8 Bur Mines, on mine 
car friction are summarized in 

, T^. Fig 51a and 51b (27). Note that 
Fir 51o. Belative Friction for Different Wheel Diam, j v; -ii, i 

Compared with 18-in Diam (6) ® ^ “ 

each type, under 3.5 ton gross load, 

using light oil lubrication for ball and roller bearings, and semi-fluid grease for plain 
bearings; track, 42-in gage; curve, 16 ft rad; elev of banked rail, 3 in. Differences 
shown are not wholly due to different bearings, but partly to variation in rolling friction. 
Results with truck A are significant in showing effect of rough wheels, as actual bearing 
friction is probably less for ball bearings than for any other. These tests were apparently 
not fair to ball-bearings. Tests reported fnim the Charbonnages de Mariemont, France, 



4 8 12 16 20 24 

Wheel Diam, In 


Table 7. Tractive Resistance of Mine Cars on Straight Level Track 


I'ypc of car 


Coal mine, empty* 

•a 4s SI 4 i 

•• •• loaded* 

" " empty* 

" " loaded* 

" " empty* 

“ “ loaded* 

•• *' empty* 

" “ loaded* 

If 41 44 ^ 

44 41 44 A 


44 44 44 ||||^ 


41 14 44 4i||| 


41 44 M 


44 41 

• 4 14 


14 

14 


tt 

tt 


Wt. 

Bearing 

Speed, 

Resistance, 

Gage, 

ton 

ft per min 

lb per ton 

in 

1.12 

plain open 

starting 

89.20 

42 


• 1 *« 

1 000 

57.801 single 


3,44 

41 41 

44 

66.40) car 


1.07 

3.44 

64 44 

41 41 

II 

It 

44.00K • 
39.00r'"“ 

It 

1.21 

self oiled 

starting 

62.00 

tt 

4.56 

14 i« 

• I 

49.00 

II 

1.21 

11 14 

1 000 

30.40 

44 

4.08 

It II 

II 

38.60 

II 

3.57 

II If 

492 

24.30 train 

40 

IS 

flexible roller 

526 

12.79 " 

II 

7.00 

babbitted 

(starting 
( 380 

129.0 “ 

16.75 " 

It 

41 

41 

brass 

f starting 

1 450 

81.10 " 

7.4 “ 

II 

It 

44 

flexible roUer 

(starting 

1 480 

55.0 

3.9 “ 

44 

• 4 

3.57 

plain 

490 

24.3 “ 

It 

ii 

flexible roller 

530 

12.8 “ 

44 


• Norris, Trons \ I M E, Vol 18, P 514. t Liebermann, March, 1916. *♦ Edwin Ludlow. 

Tests by Hyatt Roller Bearing Co at Coaldale Colliery, ft Edwin Ludlow, Tests at Greensburg 
Cidliery. 
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Table 7a. R«UitiT> Friction of Mine-car Bearinga (35, 27, 29) 


Type 

wt, 

cwt 

Bearings 

Speed, 1 
ft per min 

Resistance 

ratio 

Wooden pit car, empty. 

m 

plain, poor lubrication 

ISO 

I : 30 

«• «« «• <• 

M 

" good " 

ISO 


4« 1* 


“ aver " 

starting 


ATnpty. 





II 11 ' 

MS 

ball bearing 


1 1 : I3S 


Wheels in these testa were 9-12-in diem; axles, 1 Vs-^ in. 


sho-wed the economy of cars with ball-bearings over those with plain bearings, of 85% 
when loaded and 41% when empty. 

At the Big Five mine, Colo, the 
draw-bar pull of trucks, lb per ton, 
were reported by SKF Mfg Co: 
starting, straight track, plain beax- 
ings, 77.80, ball-bearings, 34.33 ; 4 
miles per hr, straight track, plain 
bearings, 31.13, ball-bearings, 15.02; 

4 mUes per hr on switch, plain bear¬ 
ings, 37.75, ball-bearings, 18.43. 

At the Cie de Mines de Courri&rcs 
(29) the tractive resistance of new 
cars with roller-bearings was 13.4 to 
20.2 lb per ton, compared with 27 to 
35.5 lb per ton of old cars with 
journal bearings. General conclu¬ 
sions arc: plain-bearing, loose wheels, 
well worn, have 1.7 times aver fric¬ 
tion of ball and roller bearings, at 

5 miles per hr, and 3 times when 
starting; for all types, 3 times greater 
on banked curves and 5 or 6 times 
on flat curves. Fig 52 gives resis¬ 
tance per ton of R 11 freight cars 
of different gross wt and at various 
speeds; also starting rcsi.stance of 
light, narrow-gage locomotives and 

passenger cars. Starting resistance curves for freight cars should be similar. 



Fig 52. Tractive Resistance of R R Rquipinent (Baldwin Locomotive Works) 

I—84 
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Relative Friction of 6 Mine Can (27) 
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9. HANDLING CARS, CAR DUMPS (31-34) 


Rapid handliag of cara. For siMULTAirBOTrs liOAomo of trains from chutes, spacing 
of chutes must be exact multiple of length of car. For switching cars in headings, 

replace track switch by horiz exten¬ 
sion bar close under roof, carrying 
an air-lift crawl. This lifts empties 
off the track, allowing loaded cars 
to pass; bar is quickly sot and kept 
witliin 100 ft of face. See Sec 6. 

Car stops are usually required 
when dumping. Simplest stop for 
track ends on dumps and at ore 
pockets is a timber clamped across 
the rails. For small cars, a 1 by 
S-in plank, resting on the cross tim¬ 
ber and sloping back to the ties, acts 
as a brake engaging the axle and 
reducing impact. Safety stops are 
advisable at shaft stations, besides 
the usual gates, to prevent cars from 
running into the shaft when cage is 
not at the landing. A simple stop 
is a horn, normally raised to engage 
the car axle or bumper. It is con¬ 
nected by crank arms and a rod to 
a tappet projecting into the cage 
compartment; sxK>tting of the cage 
lowers the horn and allows car to pass 
onto cage. I'here are many more 
elalxiratc mechanisms for spragging 
and feeding cars onto cages or tip¬ 
ples. lig rt2a shows a manual car 
Fig 52a, Car Spragger spragger; Fig 526, an automatic 

eager in continuation with a cross¬ 
over dump, and with a cage, as made by the Car Dumper and Equipment Co. 

Car dumps (.32, Bottoin-tlump and g.able-bottora <-ars require only a projecting 

door latch for dumping at bin, chute or station; they are automatically tripped by an 
iiH'lhiod guide, which lifts the latch as ear pas.ses. C'ar.s with doors, and bodies hinged to 
the truclr, i:irely need a dumping devi.'o; but if the mineral is sticky «)r frozen, an anchor 




rope shoiild ho hooked on at 
the dump to prevent oA’erturn- 
ing. T';i,'id-lH)dy cars rccpiire 
son'c. externa! device to dump. 
1 fiuplo tiack dumps are u.'ied 
with cars like those in Fig 2, 
4, 7, 8, for dumi)ing into pock¬ 
ets and skips. Cradle, horn, 
or kick-hack dumps (Fig 52r) 
are horned track ends, so piv¬ 
oted that loaded car striking the 
horns tilts the track section and 
is thus emptied. Automatic 
forms have springs to assi,st the 
returning dump to kick back 
the empty car. Cross-over 
DUMPS (Fig 626, 52d) are an 



AutunMtic Cvger, with Hunting Cage 
Fig 52b. Automatic Cagers 


improvement, as cars continue 

across the dump after emptying, and are handled quicker. They are essentially see¬ 
saws, heavier than ilie empty car on entering side and lighter than the loaded. Track 
is down grade through the dump, or the empty is bumped on past the dump by the 
following loaded car. Many designs are made; used almost exclusively by collieries. 
Rotary dumps are suited to doorless rigid-body cars and, rotating parallel to the track, 
can dump one car, or, made in multiples, a whole train simultaneously. They are 
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operated by gravity, hand or power. By shields and aprons, the mineral may be chs- 
oharged with sliding oontaot and minimum of dusting a^ breakage, especially attractive 
in coal handling. One to 4-oar dumps are now 
common in coal and metal mining. Fig 52e 
shows a simple type for 1 car. Other de¬ 
signs are available, as that of Pittsburgh 
Coal Washer Co. 

Eniaples. Miami utjta, Tn^s of 25-30 
sable-bottom, 86-cu ft can run over 1 000-ton ore 
pocketa and dump without ^top; train speed, about 
2 miles per hr while dumpiug (R. W. Hughes). 
iNanaATiaN coppbb mimk. Trains of 20 box- 
body, 120-ou ft cars dump in 5-ear rotary tipples, 
at 2 shafts. Tipples are revolved in 15 sec by 
35-hp motor. At Live Oak shaft, a O-oar air- 
operated tipple was replaced by using 3.4-toR 
side-dump care, with a bridge over ore l ooket (42). 
dump, 120 ft long, and H. C. 




I 

Fig 52c. Cradle or Kick-back Dumps 

Smowdkn Coke Co, 1'a, has a 26-cRr rotary 
Fbick Co, one for 35 cars, 400 ft long, weighing 150 tons; dumping 



GMtlMaan' 

BdOnak 


l- LflOP 

Fig 52d. Phillips Cross-over Damp 



Pig 52e. Gravity Rotary Dumper, Hand-operated Car (Car Dumper and Equipment Co) 
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130-1S0 ton of eoal; not wt of 35 oara, 60 ton; both made by Car Ddmper and Eauipment Co. 
Houjmoxr Miming Co uaee 3 types of ear: (a) 3*ton eoUd-body, dumped by rotary air-operated 
tipples of 2 kinds, one dumping 4 oars at once, the other, single oars, self-feeding and operated 
by an air-lift which pushes a train through; (b) 3-ton reotangular side-dump ears, operated by air 
jack (Fig 17b); (e) 26-ou ft V-type, rocker bottom side dump cars. Track is 18-in gage, with 
15 ft min curve, and 36-in gage with 30-ft minimum curve; 3S-lb raile on main hstulage line and 
20-lb in side headings (A. G. Irving, 1938). 

Mechanical mucldng and loading, which have become important in recent yews, ia a 
Bubjvjct related to underground tranaport on the one hand and to methods of mining on 
the other. For details, see Sec 10, 27. 


10. HAND TRAMMING (30-34) 

Strength of trammer. A man pushing a car can readily exert about 20 Ib aver horia 
push; with frequent intervals of rest, about 50 lb; when starting, or on short spurts, over 
150 lb. His useful output will depend on weight and capacity of car, which in turn are 
limited by character of car bearings, track, and gradients, to such amounts that the total 
resistances will not seriously exceed the above figure.s. Tramming doty with 18-ou ft cars, 
on 18-in gage aver mine track, ''arieB from 0.8 to 1.4 min per ton per 1(X) ft; or approx one 
useful ton-mile per hr, minus loading and dumping time. The duty varies directly as the 
unit load and length of tram, and inversely as the time per cycle (Art 1). Assume a 
!K)0-lb car with plain bearings, capacity 1 800 lb, having 1.5% loaded and 2% empty 
tractive resistance, starting factor 3, grade in favor of load 0.625%; then the starting 
resistance will be 104 lb, and running resistance 23.6 lb for the loaded car, as against 
48 lb and 23.6 lb respectively returning empty. When traveling at 2.25 mUes per hr, the 
output per tranuner using this car is at ttie rate of 8.1 useful ton-miles per 8 hr. Using a 
dustproof, roller-bearing car on straight, clean, perfect track with 0.3125% grade, the 
tractive resistance should be about 0.75% loaded and 1% empty. Hence a gross wt of 
5 304 lb, or 3 600 lb of mineral, would be handled with the same exertion, and the tram¬ 
ming output would be at rate of 16.3 useful ton-miles per 8 hr. Buch figures are practicable 
with perfect equipment. Certain southwestern copper mines have installed 30-cu ft cars 
fur partial hand tramming. 

Loading and dumping costs are frequently included in tramming charges, but, to 
compare transport methods, they should be kept separate. For loadinq from chutss 
and delivering to a shaft station, under best conditions, the aver delays at terminals 
through the shift will be nut less than 4 min per round trip. On this basis with an 1 800-lb 
load 1 man can tram 32 cars 1 000 ft, or 00 cars 100 ft in 7.5 hr actual work, and his output 
will be 3.5 and 1.7 useful ton-miles respectively. With chutes stopped by bridging or 
jammed gates, or cars blocked by spill, deraiinkent, ore shortage, or repair work, the output 
may be reduced to the vanishing point. I.oaoing uy shoveling. When loading inter¬ 
mittently, good shovelers working under contract will handle up to 4 tons per hr from 
steel plates into low, open-end cars, or 2 tons from a rough floor into buckets or revolving 
dump cars. Aver performance when tramming 200 to 1 000 ft is from 10 to 20 tons per 
shift. Aver daily duty of contract shoA'elers in the Missouri lead districts is (H. A. Guess) 
18 tons, while Higgins estimates 22 tons. Mucking costs for all kinds of work usually 
run much higher on day's pay basis, or with irregular supply of ore or cars. On basis of 
loading at rate of 3 tons per hr, the duty of a man with the 1 800-lb car load would be: 
loading and tranuning 19 cars 100 ft » 0.32 ore-ton-miles, or 14 cars 1 000 ft >• 2.39 
ore-ton-miles per shift. If trammers or shovelers have to help miners place timbers, or 
lay track or shoveling plates, their tramming output will Ije proportionately reduced. 

Examples. In Micuigam copper mines tramming ia usually done on the task or imnimum- 
wage and bonus systems, and includes loading by shoveling and handling lumps from floor or foot- 
wall into large, low, open-end cars, and tramming by 2 men to shaft station. According to 
J. MacNaughton (1913), the distance trammed at 11 ivopertiee varied from 171 to 900 ft, averagiDg 
609 ft. Output per man-shift was 12.12 to 19.48 tons, averaging 14.76, and the ore-ton-miles per 
man-shift, including load'iig, was 0.47 to 2.38, or 1.676 aver. In loading from chutes into the cars 
shown in Fig 4 (Art 8), the duty of 2 men tramming 600 ft is 6 to 6 ore-ton-mflee; when shovel- 
loading in drifte, 10 oars or 3 ton-miles. The standard in many Butts minxs is 15 oars per shift 
to be shoveMoaded and trammed uot over 100 ft in drifting work, and approx SO ears when loading 
from chutes. Cars aver 1 600 to 1 700 lb rock, or 1 700 to 2 000 lb ore. At the Rat Consol mine, 
Aris, on tramming drifts, the aver duty for a distance of 25 to 30 ft is 75 to 1(X) 1-ton ears per man¬ 
shift, with bonus of 3 to Ai per ear over HO ears. On a motor level in same mine, a gang of men 
loaded from chutes 150 tons per man into 5-ton cars in 8 hr (Trans A I M E, Vol 52) In Portland 
MINN, Cripple Creek, Col, tramming 9 425 tons ore and waste from Lee stope 330 to 530 ft to shaft 
or waste chute cost 15.4^ per ton, or 61.568 per ton-mile; duty was about 2.2 ton-miles per trammer 



ANIMAL HAULAGS 


11-33 


■hut. la iht Ckptiin stopa, 35 385 tou ora and mute wore traauasd an aver of 075 ft. at cost of 
13.48^ par ton, or 08^ per ton-mile, or 8.2 ton-milM per ahift. Utah Copphb (1015, Carnahan). In 
I'ton oara from ohutea and tranuniag 90 ft aver to a raiae, 2 men handled 65 ton per ahift. 


11. ANIMAL HAULAGE (35 to 38} 

Duty. Miilea and horaes at underground work travel 3 to 15 miles per shift. With 
enough cars, and grades not over 2% against the empties, they often average 7 to 12 miles 
on main haulage lines, and usuaUy below 9 miles on gathering work. Many records show 
duties from 50 to 1(X) gross ton-miles (total loaded and empty haul) per animal, or 25 to 
56 mineral-ton-miles per shift. To justify animal haulage as against tramming, a mini¬ 
mum of about 15 mineral-ton-miles should be done on a given level or entry per shift, 
unless there are adverse grades. The econonvy of animal haulage increases with tonnage. 
Using tandem or spike teams, and longer trains, increases efiic of both animals tuid drivers, 
though more cars and longer siding'i are required. For duties below 200-mineral-ton<- 
miles per day on grades less than 1.25%, it has been claimed that no mechanical system 
can oompete in economy with animal haulage using a string team of four. The exact 
dividing line depends upon local conditions, and costs of labor, power, and feed. 

Coat of animala. Good mules cost 1150-8300 (pre-war), depending on wt, age, and general 
condition. Their underground working life in the U B ia 3-7 yr. 

Horaes and ponies used in English collieries average 7 to 10 yr. It is false economy to keep an 
animal in the mine after it has begun to deteriorate. It should still be worth $40 to $75 for surface 
use. An annual depree of 20 % of Orst cost should prove conservative. 

Coot of food per day for mules varies from 18^ in farming regions to 50t in cities, and correspond¬ 
ingly more in isolated mining districts. Shoeing and medicine average $1 to $2 per month, intereet 
and depree on mule and harncM $35 to $80 per year; hence, when stable attendanoe and full time 
maintenanee are charged against working time, mule service per working da 3 rs costs 60^ to $1.25, 
exdueive of driver and stable rental, when working 6 days per week; except for reduced uee of feed 
when idle, the coet will be proportionately higher when time is lost by illness or shut-down. 

Feeding (35-38). Horaes will dangerously overfeed if permitted, especially when 
idle. Feed them no more than they will finish at a meal, as damp grain left in fe^ boxes 
ferments, causing illness. For same reason, and because of fire haaard, not more than 
3-days' feed supply should bo taken underground at one '*me. Allowance of hay for 
work horses should generally be not over 1 to 1.5 lb per 100 lb live wt. Horses of 1 200- 
1 300 lb, have worked hard for 8 months on 8 lb hay per hoad per day, plus sufficient 
allowance of grain (Morrison). 

Ration should vary with the condition, weight, and work of the animal. Table 8 gives the 
ratio of protein to other food fuels for the important U S feed stuffs. Table 9 gives quantities of 
the various digestibles required, per 100 lb live wt of animal when idle, and at different kinds of work. 
With these tables and local prioes of feed, the most eoonomio balanced ration can be oaioulated, 
just os metallurgioal furnace charges are determined. To provide the proper bulk, about 10 to 18 lb 
of the doily feed should be eonoentratee, the remainder roughage, the proportion and quantity of 
roughage decreasing and of concentrates increasing with the severity of work. Most of the roughage 
should be fed at night, and 1/2 to I /3 of the concentrates in the morning. The mineral requirements 
take care of themselves for animals not in foal, except that about 0.25 lb salt should be suppUsd 
weekly. On Saturday nights, or when the animal is to be laid off, replace grain by bran and rough- 
age. Regularity in dbin’kinq is more important than the time. A thirsty animal will not feed 
wdi, and it is better to allow it to drink moderately before fsedfhg and again after. 

Care (36). Most animals will respond to good treatment, and will make the best average if not 
over-pushed. A " bad ” mule is often made so by abuse. 

Some animals are not intelligent or quick-footed enough, or ar$ too nervous or high-«trung for 
mine work, and purchases should be made with a trial option clause. Stable boss, not the drivers, 
should do the feeding; he should inspect animals coming off shift, report cases of abuse, and see 
that hsirnsss fits well and is kept clean. Especial care should bs taken of the feet, and outs and 
sores should be given antiseptic dressing (21). Underground stables are always drafty, and sweaty 
animals should be blanketed until dry. For bedding, 100 lb straw or 350 lb sawdust per month 
per aniasal are reasonable allowances. 

Undergrotind atmblaa (36) must be well ventilated; a separate split with direct return 
to the upcast ia required ty law in most coal mining states. Stalls should be dry, not less 
^an 5 by 10 ft, with not more than 2 in grade to the rear for drainage, and little or no 
cross grade. There should be a passageway both behind and in front of stalls for handling 
supplies and refuse, and a raised platform for feed storage. Roof over stalls and feed 
storage should be watertight. There riiould be a pressure water supply; tracks should 
bs flush with floor, and partitions raised above it. so that the whole floor may be hosed out 
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Table 8. Average Digestible Hatrienta ia 100 Lb of Ty^cal Feeding Stolli * 


Feeding stuff 

Total 

dry 

matter, 

lb 

Digestible 

crude 

protein, 

lb 

Total 

digestible 

nutrients, 

lb 

Nutritive 

ratio, 

1: — 

Wt 

perbuabd, 

lb 

ConeentrateM 






Dent corn. 

89.5 

7.5 

85.7 

10.4 

56 

Oats. 

90.8 

9.7 

70.4 

6.3 

32 

Wheat. 

89.8 

9.2 

80.1 

7,7 

60 

Barley. 

90.7 

9.0 

79.4 

7.8 

48 

Kafir. 

88.2 

9 0 

80.0 

7.9 

56 

Linseed meal. 

90.9 

30.2 

77.9 

1.6 

35 

Cottonseed meal, choice. 

92.5 

37.0 

78.2 

l.l 

48 

Wheat bran. 

89.9 

12.5 

60.9 

3.9 

16 

Dried brewers' grains. 

92.5 

21.5 

65 7 

2.1 

19 

‘ F5eki peas. 

90.8 

19.0 

76.2 

3.0 

67 

RoughageB 






Corn fodder, medium dried. 

81.7 

3.0 

53.7 

16.9 


Onm fktover. medium. 

81.0 

2.1 

46. 1 

21.0 


Timothy hay. 

88 4 

3.0 

48.5 

15.2 


PriLtrin hiky .. 

93.5 

4.0 

47.9 

II.0 



91 4 

le 6 

51.6 

3.9 


Red clover hey. 

87.1 

7.6 

50.9 

5.7 



88.5 

1 0 

45.6 

44.6 


Green dent corn fodder, glased. 

26.2 

1.1 

17.8 

15.2 



25 3 

3 3 

14.6 

3.4 


Corn silage, well-matured. 

26 3 

1.1 

17,7 

15.1 



* Abridged from Henry and Morrison, "Feeds and Feeding,” 1919. 


Table 9. Modified Wolff-Lehmann Standards for Work Horses or Mules 

(Henry and Morrison) 



Daily per 100 lb live weight 

Nutritive 

ratio 


Dry matter, 
lb 

Digestible crude 
protein, lb 

Total digestible 
nutrients, lb 

Idle. 

mmmmm 

0 8-1.0 

7.0- 9.0 

1 : 8.0 to 1: 9.0 



1. 1-1.4 

to. 0-13 .1 

1 : 8.0 to 1 : 8 5 



1.4-1.7 

12.8-15.6 

1 : 7.8 to 1 : 8.3 

Heavy work. 

1 18-26 1 

2 0-2 2 

15.9-19.5 

1 : 7.0 to 1: 8.0 


Horses vs mules. Mules average smaller, require less headroom, endure heat and 
neglect better, and are less liable to foot lameness than horses. They will eat roughages 
which horses refuse, but are less apt to overeat, and hence less subject to colic or founder. 
Horses are heavier, better built draft animals than mules, average more reliable, haul 
larger loads, and reqviire little or no more feed per 100 lb live wt than mules on similar 
work. They are more spirited than mules, and a nervous horse is apt to rear and injure 
his head against roof. Mules are more generally used underground than horses, but, 
where haulage ways are large enough and the duty sufficient for heavy horses, the advan¬ 
tages of mules are debatable, and where there is headroom many coal operators now use 
large horses in preference to mules. 

Examples. According to the Illinois Ktate Co-operative Reports for 1914,1 100-lb mtiles costing 
$175 to $275, lued for gathering colliery cars for locomotive haulage, are worked at high speed, and 
the underground working life has been reduced to 3 years, the mutes then selling at about $40. 
Cost of feed, shoeing and harness repair is 75^ to $1 per day. In the Ust managed mines, cost of 
feeding mules with corn @ 60^ per 100 lb and hay @ $15 per ton averages $10 per monta, some 
exceeding $14 per mont*- At one mine, 1 300-tb mules haul 75 loaded trips 700 ft on 2% grade in 
favor of the load. Cach trip consists of 4 1 000-lb cars, with 3 .500 lb coal each, or IS 0(K) lb gross. 
Gross daily ton-mileage per mule is 54.67, or 34.80 coal-ton-miles, equivalent to about 10^ per ooal- 
ton-mile. At another mine, 1 r-ulc on gathering work on 0.5% favorable grades, hauls a trip of 
3 cars 1 000 ft, with a duty of 24.43 coal-toii-miles, total cost being 17.6^ per coal-ton-mile. At 
another mine, with 2% favorable grade, a .S-mule spike-team handles a trip of 17 1 800-lb cars, each 
bolding 2 100 lb coal, or 22 100 lb gross per mule, corresponding to a tractive effort .on the return 
trip of at least 300 lb per mule. 

In Alabama-Tennessee mines, aver for 500 mules in 6 mines; feed and care, 34.9^ per mule' 
int on cost, 3.3^; deprec, 7.0^; total, 45.2^ per day; working 276 days » 50.8^ per working day 
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Shoeini and harnwa 3 to (avar 4.3^) and driven 91.762 per working day. Aver duty 8.9 to 88.3 
net ton-mike per mule, ae follows: 


Haul, 

mile 

Ton-milca per mule 

Cost per net 
ton-mile, 
cents 

Conditions 

Qroes 

Net 

0.32 

12.4 

6.9 

35.7 

Unfavorable 

0.37 

24.6 

13.8 

17.9 

Aver 

0.76 

41.6 

23.0 

10.7 

Best 

0.64 

35.5 

21.4 

11.5 

Aver 


In a Somerset Co, Pa, colliery, following haulage coats were reported: feed, harness, and shomng 
for 10 mules, 86 per day; deprec, 20% per annum, 24 days per month, on 8200, 81.38 ; 8 driven at 
83.25, 818; int on investment at 6%, 80.41; total, 825.70. The haul was 2 640 ft down a max 
gi^e of 2.6% and against empties 5%; aver duty, 400 tons per working day or 12.0^ per ooal-ton- 
^e. Total daily cost per mule on gathering work, 83.17 to 83.28, or 2.2 to 2.6|i per ton. 

In West Va, for 211 000 ton handled in 1 year, on 0.75 to 2% grades, aver haul 1 300 ft, aver 
travel 6 miles per day; driven, 88 169; keep of 16 muiee, 82 302; deprec, 8392.50; killed, 8400; 
int 6% on 83 020 value of 16 mules, 8181.20; aver cost per too, 5.496^, or 22.324^ per coal-ton-mile. 

At Butte, Mont (1922), a good mine horse costs 8100-8150, harness 835, collar 88, and should be 
shod monthly if worked daily. Cost per day; shoeing at 83 per month, 10^; stable boss for 12 
horses, 5()f; feed, 60^; total, 81.10 per horse. 

Feeding mules at metal mines (35, 38): aver for 14 mules, pulling 2 16-cu ft care, 11 mile per 
shift; aver tram, 1 000 ft. Per mule per mo: hay, 440 lb; oats, 5 bu; corn, 2 bu. Aver for 22 
mules, aver tram, 1 450 ft, with grades and curves, 643 lb hay, 9.1 bu oats, 3 bu corn per mule 
per mo. 

At an Idaho silver-lead mine, mule haulage with 1 8n0-lbcars; 2 500 lb ore, grade 5 in per 100 ft 
in favor of load, and aver dutance 1 400 ft, cost 16.5^ per ton for labor, and 1^ for euppliea, feed 
and liarness, or 66^ per ore-tou-mile, exclusive of int and deprec. 


12. LOCOMOTIVE HAULAGE (39-49) 

Motive power. Steanri and internal-combustion locomotives arc independent; com¬ 
pressed air and storage-battery types require intermittent, and trolley, constant connection 
to outside sources of power. For special serviiKi, trolley and storage-battery, or adhesion 
and rack-rail drives, are combined in a single locomotive. Conditions. Locomotive 
haulage is justified at mines with easy track grades and large output. Compared with 
hand tramming or animal haulage, the high speed, large tonnage per trip and few men 
required, may balance the larger interest and deprec charge on installation. Compared 
with rope haulage, esficcially if there are branches or many curves, it is more flexible, and 
easier to extend and maintain. It requires less headroom, but heavier reuls and easier 
curves (Art 6). than animal haulage and can not compete with it in thick seams on daily 
output of less than about 175 net ton-miles on grades below 1.25%, or with rope haulage 
on grades averaging over 4% against or 5% in favor of loads. Short grades, that can be 
taken by momentum, may be 1 to 3% steeper. Geared locomotives ran work up to 
12% grades in gathering cars. 

Hauling capacity of a locomotive is determined by its draw-bar pull, speed, and the 
resistance per ton of loaded cars. If it has enough power to make its driving wheels slip. 

Table 10. Approx Coeff of Adhesion (Baldwin Locomotive Works, 43) 


Condition of roils 

Chilled C-I wheels 

8 

Steel-tired wheels 

Without sand 

With sand 

Without sand 

With sand 


0.10 

0 15 

■BEH 

0.15 


0. 15 

0.20 


0.20 


0.15 

0.25 


0.25 


0. 18 

0.22 

0.18 1 

0.22 



0.25 


0.31 



0.25 to 0.30 


0.31 toO 37 

Best condition, max values. 


0.38 to 0.42 


0 47 to 0.52 


its max drawbar pull is limited by the adhesion of driving wheels to the rails. Coxrr 
ov ADHESION is the tractive force required to slip drivers + wt on drivers. Table 10 gives 
approx values for mine locomotives. Makers’ tables are 'isually based on 20 and 25% 
adhesion, and 20 to 40 lb per ton resistance for train on the level. 
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General formulas applicable to all tsrpes of adhesion locomotives: Let A « coeff ot 
adhesion; C » force required to move complete train, including locomotive, lb; 2> ■■ 
drawbar pull, lb; fric resistance of locomotive, lb; P fric resistance of train, lb 
per ton; G » grade resistance; lb per ton; ff ■> dynamometer or drawbar hp of loco¬ 
motive; If » wt of locomotive on drivers, tons; •« speed, miles per hr; T » gross wt 
of train, tons. Then; 

O'- T(F±G) . (1) C - JD + B =fc (L X (?). (3) 

L - D + (2 000 A - (?). (2) H ~ DXS+ 375 . (4) 

Total dynamometer hp-hr for M miles, @ aver drawbar pull D, m DM + 375 (5) 

From (1) and (2), r • L (2 000 A - (?) + (F + (?). (6) 

Effect of grade on locomotive capacity. Assuming a max tractive effort on the level of 
26% of wt on drivers in Eq (6), then locomotives can move per ton wt on drivers the gross 
train tons given in Table 11. Multiply these weights by tonnage on drivers for the loco¬ 
motive under consideration, and for satisfactory running deduct approx 25% from the total 
to allow for acceleration and contingencies. For greatest effic in power haulage, the 
grade should be that of equal traction (4, 5) (Art 8). The rapid loss in effic with increasing 
grades makes the economic grade limit for locomotives usually below 3%. There is also 
liability of runaway acddents on steeper grades. 


Table 11. Tons Hauled per Ton on Drivers, Besides Wt of Locomotive, when Drawbar 

Pull on Level = S6% of Wt on Drivers 


Resistance of trip, lb per ton 

10 

15 

20 

25 

30 

40 

Factor for 
D-0.2L 


50.0 

33.0 

25.0 

20.0 

16.6 

12.5 

0.80 

Up 0 5% grade. 

24.5 

19.6 

16.3 

14.0 

12.2 

9.8 

0.79 

•• 1% •• . 

16.0 

13.7 

12.0 

10.7 

9.6 

8.0 

0.79 

“ 2% *• . 

9,2 

8.4 

7 6 

7.1 

6.6 


0.78 

•• 3% “ . 

6.3 

5 9 

5.5 

5.2 

4.9 

mwm 

0.77 

•• 4% " . 

4.6 

4.4 

4.2 

4.0 

3.8 

mwm 

0.76 

5% " . 

3.6 

3.4 

3.3 

3.2 

3.1 

2.8 

0.75 

••6% •• . 

2 9 

2.8 

2 7 

2 6 

2.5 

2.3 

0.74 


Rack-rail locomotives have much better effic on xradea than others, because the draw-bar pull 
with ordinary drivers can not exceed the adhesion, and while the power output of a locomotive, 
D X <S, IS not constant for varying speeds, the raok-rail type, being geared to the track, can, by 
decreasing 8, increase D above the adhesion limit, or for a given value of D can decrease locomotive 
wt below the adhesion requirement. Rack rail is advantageous on long moderate grades, or in 
rolling seams; it is the only practical type on grades over about 6%, and can be safely but not 
economically used up to 16 or 16%. Those locomotives are little used. Rope haulage is their 
altwnative. 

13. STEAM LOCOMOTIVES (43) 

Steam locomotlvea are luually impossible underground because of their exhaust gases and vapor, 
but may be used in adit mines having large entries and abundant ventilation. Oil burners are 
preferred to coal burners, because of better control of combustion. Theoretical max TBAcnva 
POBCE of a steam locomotive is C (<f* XlXpXB)+ W ... (7); where, d «• diam cyls, in; 
I » stroke, in; B «• boiler press, lb; ^ » diam driving wheels, in; p - 0.85 for simple, 0.6 for 
cross-compound, or 1.2 for Mallet compound engines, d being for high-press cyls. Substitute for C 
its value from Eq (3) in Eq (7), Art 12, to determine sizes of cyls and drivers. Machine vbicviom 
JS s loss between cyls and draw-bar; it increases with the ibp, but its ratio decreases with inoreaning 
load. Tests on a consolidation locomotive show £ =» 10% of ihp with heavy load and 22% with 
light (Bull 82, Ill Exp Sta). 

Fuel and rtaam consumption of simple R R locomotives aver approx 4.5 to 8 lb coal, or 2 to 5 lb 
fuel oil and 27 to 32 lb water per hi>-hr. Superheaters save approx 5 or 6% for every 110® super¬ 
heat. Compounding saves 10 to 20% over simple engine, if in good condition, but ^vantage may 
be more than balanced by poor repair. The overall consumption of locomotives, including s«ops 
and roundhouse delays, is approx 50 to 100% more than above figures. 

Examples. State Coal Keports of Pa (1012) showed 45 steam locomotives underground in 
anthracite and 5 in bituminous mines. Many were oil burning and some were being converted 
from coat to oil. 

On Mesabi iron range, 25 6-whe«l switch locomotives, with 62 tons on drivers, were used in 
stripping ore. Following are avei results for 3 yr: round trip, 4.5 miles; grade against loads, 
2.25%; trains, 4 16-eu yd 49 0<JO-lb oars » 00 tons material per trip: 18 trips per double shift 
b andlwl 12 563 gross or 3 645 net ton-miles. Daily cost of operation per engine: coal, 6 tons; 
water, 48 tons; oil, 5.32 pints; grease, 4 os; waste, 1 lb; wages (engineer, fireman, and brakeman), 
89.95 per shift; loeopiotive maintenance, 850 to 870 per month, and $000 per year for tires, boileri 
Bsaebinery, and painting. 
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14. GASOLENE LOCOMOTIVES 

GiaalMM locomotiTea have the flexibility of steam locomotives in radius of travel, 
and for milling work are geared for speeds of 3 to 12 wiles per hr. They have no open 
fire, consume no fuel when idle, and are less dangerous than steam engines in gaseous 
mines. The exhaust gases and cost of gasolene are the limiting factors in competing with 
other types. The max volume of CO produced when feeding gasolene to the explodibic- 
limit is 6.75% of the piston displacement, and, under the worst conditions of carburation, 
13.6% of the exhaust gases are C/0 as against 4 to 6 % normally. CO should be diluted 
by 2 000 volumes air for continued breathing and should never exceed 0 . 01 %. Hood 
therefore concludes that gasolene locomotives require from 7 840 cu ft of air per min for 
4-cyl, 5 by 5-in. motors, to 35 140 ou ft per min for 6 -cyl, 8 by 7-in motors, to maintain the 
0.01% dilution. Stopping in dead air, or traveling with the air current or behind a motor, 
may dangerous. The exhaust should l>e washed and cooled by passing through a spray 
deodoriser before discharging, wlv,ch does not, however, eliminate any of the CO. Size of 
motor should be limited by the available air current. Precautions should be taken against 
leakage at the carburetor and when charging tanks. 

Rating of the Assoc Licensed Automobile Manfrs for gasolene motors is: brake 
hp d^n + 2.5, where d •= diam cyl, in; 74 ™ number of cyls, with piston speed assumed 
at 1 000 ft per min. This formula is conservative for automobile motors, but the simple 
carburetor unfortunately used in many mine looomotivoa makes them less eflicient than 

Table 12. Gasolene Locomotives * 


Wt. 

ton 

Cylinders 

Draw-bar 
pull, lb 

Wheels, in 

Speed, 
miles per hr 

Overall dimen, in 

Price, 

factwy 

Diam 

Base 

Length 

Width 

Height 

2.5 


. 1 





■■■ 


$1 250 (1914) 

1.5 

41 / 4 X 51/2 


24 

36 

1 4 and 8 

113 


62 

4 



16 

36 

[ 4 “ 8 


K9 

40 


5 

5X6 


18 

42 

3.5 ■■ 7 

Kfl 


i 

3 500 (1916) 

6 



18 


4 ■* 8 

132 


46 


7 

51/2X7 

2 600 

30 

48 

4 “ 8 

146 

54 

72 

3 500 (1915) 

3 

7X6 

3 200 

20 

50 

14.3 “ 8.5 

180 



5 000 (1916) 

10 


4 000 

22 

48 

1 5 •• 10 

150 

56 

50 


12 

8X7 

4 800 

24 

51 

5 “ 10 

156 

56 

52 

4 500 (1915) 

15 

. . . 

6 000 

25 

54 

6 “ 12 

171 

60 

54 



* Baldwin, Milwaukee, Vulcnii and Whitcomb, 4-cyl, 4-cycle engines. 


good automobile motors. The uncertainty of the products of combustion of lower distil¬ 
lates or fuel oils i>rohibits their use for underground locomotives. Makers claim fuel 
consiunption to bo 0.1 gal gasolene per hp-hr. Hood's tests (Bureau of Mines, Bull 74) 
show 0.73 to 1.2 lb gasolene per brake hp-hr for full load and full speed, 1.2 to 2.2 at half 
load and half speed, and 3.5 to over 6.0 lb at onc-eighth load and half speed. 

Examples. Righter Coal & Coke Co, Lost Creek, W Va. 6-ton Vulcan locomotive; 2.5-lb 
rails; undulating grades of 1 to 2.5%; sharp curves; trains/12 cars, each 0.5 ton empty, 3 tons 
loaded; haul, 1 800 ft one w'ay; output, 2:i trains 6H7 tons per 9-hr day. Operating cost: 

1 motorman, $2.50; coupler, $2.00; 10 gal gasolene, $1.60; oil, $0.30; total, $6.40 per day •• 0.63|! 
per ton or 2.72^ per coal-ton mile, to w'hich add repairs, deprec, and int. 

Herbert mine, Pa (Coal Age, Vol 8, p 415). 5-ton Milwaukee locomotive, 44-in gage; 400 cars, 
wt 2 000 lb, coal 4 000 lb; daily output -= 2 X car capacity. Operating cost per motor per day: 

2 men, $5.35; 11 gal gasolene, $1.32; oil and waste, ^.11; total, $6.78 for 500 tons ooal hauled 

2 700 to 3 000 ft, showing saving of $8.64 per day over horse haulage. 

Shinuston, W Va. 6-ton Whitcomb locomotives; 25-lb rails; 36-in gage; 20 trips of 17 cars 
each, gross 52.6 tons; haul 3 100 ft. Cost per month of 10-hr days: gasolene, 629 gal; oil and 
waste, $10.99. Aver cost per ton for year 1914; labor, 1.44^; gasolene, 0.66^; oil, 0.08^; repairs, 
0.40^; total, 2.58)i per ton 4.92^ per noal-ton-mile. 

Shade Coal Co, Pa. 7-ton, 4 4-in cyls, 4'Cycle Milwaukee locomotive, 3e-in gage; 30-lb rails; haul, 

3 400 ft one way; max grade, 6% in favor of loads, 5% against empties, aver 2% and 2.2% respec¬ 
tively; daily output, 375 tons. Cost: motorman and trip tender @ $2.75, $5.50; 16 gal gasolene 
& 15.54, $2.48; oil, grease, and waste, $0.41; repairs @ $35.81 per month, ll.-IO; int and depree 
@ 16% per annum, $1.94; total cost per day, $11.83; cost per ton, 3.154. or per ton-mile, 3.794. 
Under similar conditions, but hauling only 145 tons per day, so that equipment was idle about 40% 
of total working time, cost was 11.734 per ton-mile. 

Eagle Mining Co, Canton, TIL 5-ton Milwaukee locomotive, 36-in gage, hauls 20 to 22 cars; 
loaded wt, 3 500 lb each; train is split at a 3% grade against loads near shaft; duty, 500 tons per 
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8 -hr day; round trip, 6 000 ft or 284 ooal-ton-mileg. Operating ooet, including runner, trip rider, 
gaaolene, oil, and grease « 17.25 per day ~ 2.6^ per ton-mile. 

Shiloh, 111. 6-tott Whitcomb locomotives; 42-in gage; 20-lb rails; 0.6% grade in favor of load. 
Duty per motor per 8-hr day, 36 trips of 16 cars • 42.4 tons gross, 8 tons empty, haul, 2 436 ft. 
Cost per motor per mo of 110 working hr; gasolene, 194 gal, $25.05; oil, waste, and repairs, $11.46; 

2 men, $85.52; total, $122.03 » 1.5^ per coal-ton mile (approx). 

Cleveland Co, Wis, sine mine. 4-ton Whitcomb locomotive; tonnage (1913), 123 150; total 
distance traveled, 6 070 miles; cost, labor, supplies, and maintenance, 2.0(! per ton. 

Trojan Co, S D. 7-ton Milwaukee locomotive; IS-in gage, wet track; 4% grade in favor of 
loade; bad curves limiting return to 8-car trips. Cost for 25 days; engineer, $106..50; gasolene, 
382 gal; engine oil, 16 gal; lubricating oil, 10 gal; total, $76.97. Total miles, 612; ton-miles, 

3 516; cost per ton-mile, 2.2^ not including int or repairs. 

Huerfanp Co, Colo. 6-ton locomotive; 15-car trips, of 41.25 tons gross; 3 000-ft haul; max 
grade, 5.5%, using engine plane to pull locomotive and train. Cost, 4.94|i per coal-ton-mile. 

Joplin, Mo. 0-ton gasolene loco was most popular for long hauls. Cost, 4 mo, 1917, for 1 750 ft, 
7i per ton; against mule haulage, 700 ft, 4.58^. 

Ill coal mines, 1921, xised 18 gasolene locos on main haulage. 


16. COMPRESSED-AIR LOCOMOTIVES (44, 45) 

CharacteristicB. They carry their own power supply, are flexible in operation within 
the radius of travel from charging stations for which they are designed, require no fire, 
do not spark nor emit noxious exhaust, but aid ventilation, and are the safest type for 
gaseous, dry timbered, or poorly ventilated workings, inflammable buildings, or maga- 
xines. (For data on air pressure, tank capacity, reheating air, tractive force, storage, 
pipe lines, charging stations, see Sec 15 and Bib (4.5). 

Operating requirements: (a) a multi-stage compressor to furnish air at the aver rate 
of consumption and at approx 200 lb greater press than the locomotive recpiires; (6) sta¬ 
tionary storage tanks, or a transmission line large enough to act as storage, near charging 
station; (c) one or more charging stations so located that the locomotive can always 
return to a station before its charge is exhau.sted; (d) a locomotive heavy and powerful 
enough to exert the max required drawbar pull and with sufficient tank capacity and press 
to make a round trip at full load to the [>oint most distant from the station. Because of 
the high press, the ordinary mine compressor can not be used, except that it would be 
economic for the multi-stage compressor to takes its supply from a cool receiver at the 
mine press, rather than from the atmos. 

Required wt of locomotive is determined as in Art 1, and size of cyl by Eq (7) Art 13, 
substituting the auxiliary tank press for B and 0.95 to 0.98 for p, because the air at full 
stroke does not lose heat by radiation as steam does. Required tank capacity of loco¬ 
motive is determined by the total work done per max load and longest round trip. Radius 
OF TRAVED can be mcrea.sed by adding on air-tank tender, together with corresponding 
increase in vol of stationary storage (45). 


Table 13. Compressed-air Haulage Plants 


Compressor, 

A-stage 

1 Air line 

Locomotives 

Total 

cost 

1 

.1 

1 

Hound 

Train, 

tons 

Cost, 4 per 
net 

Cu ft 
free air 
per min 

Press, 
lb per 
sq in 

Length, 

ft 

1 

Diam, 

in 

No 

cj-1 



trip, 

ft 

groae 

! 

net ' 

ton 

ton- 

mile 

(a) 375 

(b'i.... 

700 

mtm 

4 

2 

7X14 

8 



62.4 

42 


1.875 

4 210 

5 

2 


li 


3.6 










fc'. . 

700 

4 100 


1 

9X14 

7X14 


! 

9 000 




1 25* 

(</) 296 

600 

7 500 

5& » 

1 

2 

8 

15 156 

( 8 0001 

1 4 2001 




1.39 

3.05 

(f) 450 

1 000 

5 000 

1 

2 



15 800 I 




2. 17 


•Gross. («) Aftne* <(• Afin, Vol IS F 538. (5) Baldwin Locomotive Wks. (c) Peele,Coinp'-essed 
Air Plant, (d) .Morns, Trana A I M E, Vol 30, p 566. (e) Two-atage locomotive, operatmi; coit, 
int and deprec, 2.174 tier ton-mile, as against 2.564 for sinKle-stage, with coal @ $3 per ton (esti¬ 
mates by U. K. Porter Co). 

Coal mines of western Pa and West Va were using 150 com,)re8sed air locos in 1921 (38). In U S 
metal mines, the only important compressed air haulage plants now operating are at Homestake 
mine, S D, and Inspiration mine, Aria (42). 
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le. STORAGE-BATTERY LOCOMOTIVES (39, 41, 46, 48, 49) 

(See also Sec 16) 

Chartcteristics. They are flexible prime movera, cheaper to install than trolley or air 
looomotives, simple to operate and safer than any type except compressed air. Suitable 
for short hauls in temporary workings, as in gathering, or for infrequent long hauls where 
trolley lines are not warranted or low-roofed wet workings make them dangerous. Grades 
must be easy; max speed per hr, 5 miles. They require 1 man on gathering work, while 
cable-reel locomotives (Art 17) need 2. Wt of locomotive is greater than D -i- A (Art 12), 
because of the necessary battery wt; hence it has lower useful load capacity on grades 
other types, and is limited to low speed by battery output rate. 

Battery capacity depends on: (a) max rate of current discharge required; (b) the kw-hr 
required to operate on 1 charge. For details, see Sec 16. Storage-battery locomotives 
usually develop 4 hp max per toi. of wt, and 3.5 mile per hr at rated drawbar pull; as 
against 10 hp per ton and 6 mile iMr hr for trolley type. With recent improvements in 
batteries, they are being more widely adopted, replacing the trolley system in heavy ground, 
where maintenance of track-bonds and trolley wire and its dangers are excessive. 

Examples. In Copveb Queen tests (Trans A I M E, Vol 48, p 295) a storage-battery loco¬ 
motive required 1.6 kw-hr at power station per useful ton-mile, or 1.28 at locomotive, as against 
1.1 and 0.875 for trolley looomutive. Uio five ti/nnei.. Col, two 17-hp, 4-ton locomotivee and 
tenders; full-load speed, 4.5 miles per hr; train, 20 to 30 oars, each 2.5 tons gross; 20 and 12-lb 
rails; grade, U.25%. Storage battery was used underground and trolley on surface. Operating 
costs for 6 months: labor, $1 098; material, $113; rep.<tirs, $33; power at 1.2 to 5.5^ per kw-hr, 
$.306; total, $1 551; duty, 18 914 ton-miles, at 6.5 to 12.2|i; aver, 8.2^ per ton-mile. Stebunq 
CoAi, Co, O. 11 2.5-toa storage-battery locomotives are used for gathering cars from 12 to IS 
rooms, each handhag 96 cans per 8 hr. 4 trolley locomotives are detailed to serve 11 entriee, requir¬ 
ing 19 men. 11 reel locomotives (Sec 16) could do the work, saving 4 locomotives (approx 
cost $7 200) but requiring 22 men to operate. Grant mine, Ind. A 5-ton locomotive, with 
63 Edison cells, averages 75 volts @ 60 amp normal diaoborge; train of 16 cars of 1 600 lb each, 
carrying 3 600 lb coal, used 90 amp on level, 160 up 1% grade and 220 on curve up 1.5%. Soma 
C(ecb-t>’Ai.£NB mines, and others with conditions favorable to trolley haulage, have adopted 
Btorage-battery haulage, because of casualties from trolley current. Hecla mine, Idaho. Cars 
weigh 4 040 lb, 8 wheels, 5.2 ton capac; trains of 8 cars make 7 trips per 8-hr, but can make 10; 
grade against empties, 0.75% speed 4 mile per hr; loaded trains, 6 mile per hr; using Baldwin- 
Westinghouse storage-battery locomotive, 7 000-lb chassis, 2 000-3 000 drawbar pull; track, 24-in 
gage, 3.5-lb rail. Alaska Gabtineau mine (1919). Six-ton storage-battery locomotives haiil 8-10 
4-ton ears, aver 590 ft. Operating cost per ton-mile; maintenance locomotive, 3.19^; charging 
atation, 0.22^; power, 0.89 kw-hr, or 0.132^; total, 3.54^. Cripple Creek, Colo. Three-ton 
Btorage-battery locomotives have long been used satisfactorily; crew of 2 men haul 125 16-cu ft ears 
per shift 2 500 ft and dump at shaft pocket for 7-8^ per car for labor. Eureka Standard, Utah 
(E. D. Gardner, 193.5). Storagc»-battery locomotive on main haulage levels; aver train, 10-12 oars 
of O.S ton (18 cu ft); dump with turntable; traok, 18 in, 12-lb rails, steel ties 4 to 5 ft centers; 
tramming labor, 17^ per ton. 


17. ELECTRIC TROLLEY LOCOMOTIVES (40-42,46,48,49) 

(See also Sec 16) 

9 

Cbaracteristics. These are the prevalent type in mines. They are compact, simide 
to operate, have high effic and usually the lowest power cost of all typos. Disadvantages: 
cost and danger of the tiolley circuit; danger from sparking at commutator or troUey 
wheel; necessity for wired and bonded track. 

About 80% of all mining trolleys use 250-volt d o, which is slightly more economic in 
design of motors and control and less dangerous than same nominal a-c voltage. A few 
600-volt circuits are used, and there is at least 1 S-phase 2-wire underground installation 
in U S. Motobb are of approx 10 hp per ton wt of locomotive. Main haulage loco¬ 
motives weigh 3 to 30 tons. Gatbebino locomotives arc 2 to 8 ton (approx), and can 
enter rooms 200 to 400 ft off trolley line by using a reel of single or double cable to hook 
on trolley and track. For rapid work and to prevent overrunning the cable, reel should 
have a gear to feed out and rewind cable as the locomotive moves. Crab locomotive 
has a flexible wire rope on a geared drum, and hauls cars from rooms without entering. 
Combination oatberinq i ocomotives have' both cable-reel and crab attachments, to 
serve rooms driven on either dip or rise. 

Power plant and transmission requirements for a number of locomotives are found 
by correction factors similar to those used for compressors, but each case demands special 
study. Fig 53 gives Oliver Iron Mining Co practice under conditions stated. 
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XzampiM. Duty of dootrio loeoiuotivea on main haulage in 18 IiiUHOIB cOai< Miras (oondena^ 
from State Beps) is given in Table 14. Most can have wood body, with plain bearings. Dif¬ 
ferences in length of haul, grades, curves, coal or car supply, and in ratio of empty to loaded ear 
from 20% to 46%, account for varying results. Bonkbb Hill &Suluvak MiiB, Idaho. Haulage 

through Kellogg Mill adit 11 000 ft 
(1937), of 386 576 ton ore by trolley 
locomotives; total cost, $40 015, or 
10.4^ per ton, principal items being, 
trammers 817 343, repairs 87 550, 
supplies 86 061 (Stanly A. Easton). 
Zinc mines of Tbnn (66). Main 
haulage at Mascot and Newmarket 
mines: 4- and 6-ton trolley locomo¬ 
tives, powered by 250-volt de double 
unit motors; trolley wire of figure 8 
type supported by insulated hangers 
spaced 10 ft. Track 24-in gage, 40-lb 
rails, 0.5% grade in favor of load, 
min radius curve, 50 ft; electric 
welded track bonds replacing flexible 
bonds; Mascot box cars are 40-cu ft, 
of extra heavy steel with railway 
type journals, 14-in wheels, steel 
incased oak bumpers, hook couplings 
with spring cushioned draw-bars. 
Newmarket cars are 80-cu ft, Qranby 
2 • 1 * 3 * t <1 7 * u lu II 13 13 U IS I# type. Mokbnci, Aril (67). 10-ton 

NomWofLocomoUYMliiUw: cam are hauled on a 20-m track, in 

Fig 53. Power and Transmission Line for Trolley Haulage 300-ton trains by Jeffrey 12-ton 

tandem locomotives. Cars are 200 
cu ft eapao, with 24-in wheels; empty wt, 9 700 lb; M C B journals; rail, 60 lb; 100-ft radius 
lurves; grade, 0.4% with load. Alaska.-June.vu. 10-ton cars are assembled in trains of 40 cars 
And hauled to the mill 2 miles distant by 18-ton articulated trolley locomotives, on 30-in track of 
76-lb rails (P. A. Bradley, 1938). Homestakb. A new waste haulage system baa 30-in track, 
50-cu ft Granby oars and lO-ton Goodman trolley locomotive (E. G. Boss, 1938). 

Table 14. Trolley-motor Main Haulage (Illinois Mines) 



Locomotivs 
wt, tuns 

Miles 
traveled 
per shift 

Ton-mileage 

Locomotive 
wt, tons 

MilciS 
traveled 
per shift 

Ton-mileage 

Coal 

CrrnsB 

(excluding 

loco) 

Coal 

Gross 

(excluding 

loco) 

4 (rack rail) 

55 

690 

1 556 

10 

22.7 

568 

IIRQII 

5 " “ 


823 

1 593 

10 

32.5 

683 


6 

21 8 

319 

575 

12 

36.0 

2 203 


7.5 

41.7 

835 

1 337 

12 

15 9 

444 


7.5 

47.4 

629 

1 598 

12 

23.0 

667 


8 

42.3 

475 

886 

12.5 

26.5 

716 


10 



875 

13 

20.3 

908 


10 

14.2 


1 167 

15 

29.8 

848 


10 

18.0 


675 

15 

34 1 

1 107 

■BERjII 

10 

IS. 1 

534 

920 

Aver 10 

28.3 

743 

I 3 >8 


Power consumption tests: Ohveb Ikon Mining Co, for 1 week of 17 8-hr shifts, witli 
4-ton, 250-voIt electric locomotives. Cars, 53 cu ft, gable-bottom, weigh 3 560 lb (Fig 
13); aver net wt ore per car, 5 600 lb; prevailing grade, 1% in favor of load; total, 890 
trips, 5 544 cars, 15 523 tons of ore; aver haul, 1 488 ft = 4 375 ore-ton-miles “ 10 943 
gross ton-miles, including locomotive. Total tramming enorg>', 2 423 kw-hr, aver ■■ 
0..'>54 kw-hr per ore-ton-milo, including empty return haulage. At a BOOTHWBsrEBN 
COPPER MINE, the curr'-Lt per useful ton-mile was 0.875 kw-hr at the motor. Copper 
MINE IN Abiz. 10-ton trolley locomotives, making 10 trips per 8-hr day, hauled 18 cars, 
each of 101 cu ft, or gross load of 108 tons (empty, 30.6 tons including motor); aver haul 
one way, 2 900 ft; power, 3 OCiS kw-hr per locomotive per month of 240 working hr, at 
0.97^ per kw-hr: total operating cost per motor per month, $212; aver repair cost, $20 
per motor per month; avviv total opex'ting and repair cost, 4.5^ per ore-ton-roile, not 
including troWey line maintenance and repairs, (.'.oppeh mine in Abiz: 3.5,6, and 7.5-ton 
electric locomotives hauled aver distance of 3 000 ft (max, 8 475 ft) at cost, for 67 700 
ore-ton-milefl, 0 / 13.9(f per ton of ore, or 21.78^ per orc-ton-mile, mcludil^ttepaita ouVoco- 
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inoiiT« track and ditch. At Bubxb, Amz (1012), cost for 406 000 uaeful ton-milea, in 
cents per ton-mile, was: for maintenance of locomotives, 2.95^; cars, 1.64^; track, 5.24^; 
troUeyi 3.60fi; power, @ 1.1 kw-br, l.Ofi; total, 20.03^. Coppxb min* in Miou. 4-ton 
locomotives hauled 15.4 tons gross, 2 000 ft one way, 7.8 ton return round trip in about 
30 min; 420 working hr per month, 1 040 kw-hr per locomotive, repair costs, aver $6. 
Ibon uinb on Gogbbic ^nge; track gage, 24-in; 30-lb rail; 1% grade; 5-ton loco¬ 
motive; gross trip, 42 tons; empty, 20 tons; aver haul one way, 1 450 ft; 12 trips in 8 hr; 
monthly cost per locomotive, 200 working hr, 1 854 kw-hr at 1.5(1; oil and waste, $2.25; 
motorman and trip tender, $122.50; aver repairs (approx) per locomotive, $12.^; per 
car, $0.91. Aver total cost, 81 .S|ll per ore-ton-mile. Mine operating on half time for period 
reported. Iron mine in Mich. 4 and 6-ton locomotives; track gage, 24-in; 30-lb rail; 
grade, 1% aver in favor; reverse, 4%. 8 trips of 8 cars, weighing gross 37.3, empty, 11.3 
tons; haul, 000 ft one way; 3 7^ kw-hr per locomotive per month of 200 hr; operating 
and repair cost, $124.75 » 14.06(1 per ton-mile. Motor haulage costs in anthbacitb 
OOLUXBIEB (Gen Electric Co) are given as follows, deprec @ 6% for 200 working days: 


Company 

Cost per day 

Duty, 

tons 

Cost per 
ton, 4 



Glen Ridge, Scranton, Pa... 

$7.96 

$1.90 

288 

WBM 

N Y dc Scranton (Sturgea).. 

5.05 

1.52 

250 


“ " (Tunnel).. 

4.67 

1.75 


■iS 

Hillside, No 2 shaft. 

16.47 

5.20 

989 

2.19* 

" F C elope. 

9.37 

2.60 

541 

2 .21* 


* Actual operating costs (140 days, approx) were 4.56 and 4.654 per ton. 


Butte, Mont. About 200 trolley locomotives are in use, 4-ton size being standard. 
Since about 1920, use of storage-battery locomotives has increased. U 8 Coan and 
Coke Co's mine No 6, Pa. Usually, a 13-ton trolley locomotive gathers from mouth 
of working places and delivers 6(X)-700 ton coal per day; round trip not over 4 mile; 
5-7 men and 7-10 mules gather coal hauled by 1 locomotive. Rahn Coeuert, Pa. 
Aver, 6 mo; 2.474 kw-hr per ton are used for transport of coal. United Verde mine. 
Ariz (1919). Six-ton trolley locomotive, hauling 35-ton trailing load of 20 18-cu ft cars, 
18-in gage, a distance of 850 ft to skip pockets, costs 10.79f per ton, against hand-tram¬ 
ming 200 ft @ 12.7^ per ton, and storage-battery locomotive, 9.6^. Ilunois. In 1921, 
280 shipping coal mines used 1 424 trolley locomotives on main haulage lines, handlin g 
over 71 million ton. 


18. ROPE HAULAGE (50-52) 

Systems: (a) self-acting or gravity plane; (h) engine plane; (c) tail-rope; (d) endless- 
rope. Of these, (b) and (c) are commonest, (d) being obsolescent. Conditions: large 
tonnage, and grades which make locomotive haulage inefficient (Art 12, Table 9). Straight 
haulways and uniform grades are desirable, but not necessary. 

Ropes, sheaves, and rollers. Ropes on flat grades, or wherever especially subjected 
to abrasion, as in dragging on the ground or over track ties, should have 7 or 12-wire 
strands. The small-gage wires of standard 19-wire hoisting rope wear too fast (Sec 12). 
A short length of chain at the coupling protects rope fyom damage by sharp bending, if 
the cars overrun. Horiz sheaves or vert rouleus on curves should be properly alined, 
and of large diam, to reduce bending stresses; 1 large sheave is better than several small 
ones. Where rope crosses the rail on curves, guide strips should be provided, to minimize 
friction (Fig 56, b). Track rollers aver 5 in diam by 12 to 18 in long, spaced 15 to 25 ft 
on straight track; closer on curves. .\t points of special wear, C-I rollers are used (often 
made of a pair of car wheels, bolted together with flanges outside). 

Self-acting or gravity plane. Descending loaded cars raise the empties. It is often 
used on the surface, is effective in slopes or long rooms on pitches too flat for mineral to 
run in chutes by gravity, and in general serves to transfer cars to a lower level, on main 
haulage lines, or from a blind level to main level. 

Angle of flattest self-acting slope. iS>in a ■■ (total friction F, lb) + (wt of mineral 
— wt of unbalanced portion of rope R, lb), in which F ~ [(wt loaded snd empty cars -|- wt 
rope on both tracks, lb) X cosot-tf' (wt rollers + drums, lb)] X /; where / «■ 0.1 approx, 
/ >■ ooeff rolting friction >■ 0.012 to 0.025. Friction is often figured on basis of ears and 
rope only, in which case / should be larger. This equation shows tiiat profile of iflane 
should be oouesve, sod that besvieet trip, higbeat ratio oI uooMload, abortest diatauoe, sod 
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lowest ooeff of frietion, give flattest workable slope. Use of a tail-rope oaaeels unbidanoed 
R, but increases F. Flat slopes are steepened at top, or *' knuckle,*' so that the grade 
exceeds angle of inertia (Art 8) for starting trip promptly. Acceleration a (7*1 — 7V)g 
sin a -i- 7*1 + r, + R ■■ approx {Pd — io) « + 7*1 + 7** + R, where a « acoel,ftpersec 
per sec; Pd “ descending pull, lb »= Ti {sin a — f cos a); Pa ^ ascending pull, lb " 
(7*, 4* R) a + / cos a); 7*1 and 7** -• wt loaded and empty trips, lb; a ■« slope angle. If 
dope changes, take value for a at top for Ti, at bottom for Tg, and aver for R. Length of 
slope I (ft) required to attain veloc v ft per sec is Z » r* 2 a. Max tension Rg in rope 
will occur when starting or stopping with a jerk, otherwise Rg » (7*1 + R) {sin a — / cos a). 
Nxunber of cars irer trip to operate a self-acting plane is 

+ b] + w, - + IT.] , 

where a =■ slope angle R wt rope, lb; TFi and Wi -> wt of 1 loaded and 1 empty car 
respectively; / » coeff of rolling friction. 

Arrangement of tracks (Fig 54, a to s). It is best to avoid switches on planes by 
double tracks as in (5) and (e). In (d) a simple automatic switch is used at L, as shown in 
detail at (i); steel-faced timbers pivoted at KK are thrown by the descending car for 
dther track. At (e) is shown a track plan for narrow slopes, avoiding switches and saving 



Fig 54. Track System for Self-acting Hanes (Hildenbrand, except e) 


room below turnout. Fig 64 {/, g, h) illustrate a single main track, with inner counter-wt 
track, the counter wt being heavy enough to haul up the empty car and unbalanced rope. 
The balance car {h) has a bell-crank “growler” or safety pin P, to stop car if rope breaks. 

Engine plane. Loads are raised or lowered on a slope by a stationary engine and wire 
rope, as in an inclined shaft. Simple engine planes require single track, with 1 rope » 
inng t.li of plane, and use power only for raising load. The plane may have curves, 
and varying grade (if all are against the load), provided minimum grade is greater than 
the «"gle of rolling friction; it may serve different levels or entries by switches from 
Tnftin slope, with rollers or sheaves to guide rope around turns (Fig 55). On a straight 
surface plane, 5 000 ft long, under aver conditions, trains of 25 to 30 loaded cars ran at 
satisfactory speed on 1.75% grade, while empty cars required 2.25% (22). Small British 
colliery cars (tubs) require 3.5%. A double enpne plane has double track, or 3 rails and 
turnout; the descending trip assists engine to raise ascending triji, thus eliminating dead 
load, except rope. With engine at head of plane, the max rope pull at drum is: (a) for 
mnglft track, D - (7*1 R) {sin a +/cos a + P). where P ooeff of acoel » 0.1 to 0.25; 
(fe) for double-track plane, D — (I'l — Tg R) sin a -1- (7*/ + 7** -|- 7?) (/ cos a -f- F). 
With engine at foot of plane, D is tiie same as in (a), but rope is balanced and engine puli 
is D • 7*1 atn a 4- (7*1 + 2R) \Jcosa-^ P). For signification of factors, see tmder Gravity 
Plane, above. 

Tail rope, the commonest rope haulage system, is applicable on straight, curved, 
indined, level or undulating tracks, to a single main line, or including branches (50, 52). 
Main bopb hauls loaded trip of 1 to 75 cars, with attached TAin bopb, to shaft bottom or 
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■urfaoet and tail rope, pasnng around a large bbtvbn bbbavs, returns empties. The 
engine should be revoeible, Tvith separate drums, clutches and brakes, and may be placed 
anywhere on the line, or on the surface with ropes run through a shaft, slope, adit, or bore^ 


hole. If main and tail-rope drums and engines 
are at opposite ends of run, each rope 
length of run; or, with a double-drum engine 
at one end, the tkil rope -■ 2 X length, and 
both ropes ■> 3 X length of run. Trips are 
run 8 to 16 miles per hr. When main rope is 
hauling a loaded trip, the tail-rope drum clutch 
is loose, and with li^t braking the train can 
be kept in tension, to prevent cars from 
bumping or over-running on grades. The 
return run of tail rope, from tail sheave to 
drum, is carried on small sheaves, 10 to 16-in 
diam, spaced 25 to 60 ft apart, and attached 
to roof or timbering. Max tbksion on haul¬ 
age rope is: D ^ Tl (ain a + f cos a) r (h + 
/ X 2 1) -f- (T/ -1- 2 ri) P, where a =* max slope 
angle; h » total drop of line, ft; I — length 
of line, ft; r =■ wt of rope per ft, lb; Ti » wt 
of loaded trip, lb; P = coeff of accel. Fig 50 
(a) shows the Sherrard mine tail-rope system; 
sheaves and rollers for curves in detml (b). 
Branch roads have separate tail ropes => 2 X 
length of branch, with tail sheaves at ends, 
and couplings to connect to trip and to main 
tail rope (Fig 57), 

Endless-rope system. Rope is driven by 
a grip wheel or pair of multiple-groove sheaves 
at engine, posses around a return sheave at end 
of line, and may be over or under the cars. 
Cars are attached singly, or in short trains, 
by grips or lashings. On double track, this is 



Fig 55. Engine Plane (Lesohen) 


done without stopping rope, which is in constant motion. Aver speed, 4-5 miles per 


hr; max, 10 miles. Length of rope is l/g less than for tail rope. Chain, instead of rope. 


occasionally used for short hauls (catalogs Jeffrey Mfg Co, Robins Conveying Belt Co, 
and Link Belt Co). This system has almost disappeared in the U S. 



Fig 50. Tail-rope System, Sherrard Mine, 111 (part) 


Rope-haulage costs. All types of rope haulage are obsolescent, as indicated by the 
fact that, in 111 in 1608, 32 mines used rope for main haulage, as against only 1 mine in 1921. 

At Sherrard colliery. III (Fig 56), when hauling by tail ropes 700-800 ton per day, 
aver haul 4 000 ft, max 2.25 ^es, the cost, including maintenance of track, wear of ropes 
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and sheaves for rope and auxiliary mule haulage, was 14^ per ton; rope speed, 10-10 aiila 
per hr. 



19. MISCELLANEOUS HAULAGE METHODS 

Gravity roads must have sufficient grade in favor of loaded cars to keep cars in 
motion, the empties being returned by hand, animal haulage, or power. 

Grade at the top or “ knuckle " must be greater than angle of inertia (Art 8), or the car 
must have a starting push; aver slope must exceed the angle of rolling friction. Grades 
required vary with quality and condition of rolling stock and track; for safety, unless the 
slope is short, max grade should bo less than the probable minimum angle of sliding fric¬ 
tion. In rooms or slopes on flat rising pitch, cars con be delivered to loading point by 
trammer, animal, or locomotive, and returned to the drift or entry by gravity. On 
steeper pitches, ropes should be used. 

Telphers or monorails with buckets are used occasionally where tracks or cars are 
impracticable. Conveyer hauIiAOe in recent years has developed rapidly, and is suitable 
for large tonnages. See Sec 27 for details. 

Composite methods. It is seldom practicable entirely to eliminate hand tr ammin g 
underground, but development and exploitation should be planned to minimize use of 
manual labor. In metal mines, tramming is usually the only possible method of handling 
ore, waste, and timber in flat-back or slice stopes, sub-levels, and short, temporary work¬ 
ings (Sec 10). 

Chutes, raises, and trackage should be so placed that all material will reach its destina¬ 
tion with minimum handling between working places and main-haulage system. Thus, at 
Homestake mine, hand tramming averages about 300 ft for ore and 500 ft for rock from 
development; at the Copper Queen ming, less than 200 ft; at the Miami, Ray, and other 
systematic copper developments, 23 to 100 ft for normal slopes; on the Mesabi iron range 
top-slice mines, 50 ft for regular work and seldom over 150 ft in irregular bodies (see 
also Sec 10). Modderfontein B Gold mine, Rand (39); hand tramming on slope tracks: 
aver 200 ft, max 400 ft, by contract to central or branch track; lowered by single rope to 
level below. Cars, 20 cu ft, with low fixed truck, loose Rowanbothom self-oiling l&4n 
wheels, 30-in gage, 30-lb rails. Carspershift varyupto20per "boy"; avBr,7.45; contract 
price for lashing, loading and tramming, 2.5d-3d per l-ton car in 1915. Horses take 
cars fmm the single rope to the main (and tail) rope, by which trains of 60-100 cars 
are hauled. In coal mining, the miners' contract commonly includes tramming between 
the face and room neck or breast road. Mules or gathering locomotives then haul cars 
to the nearest make-up siding on the main haulage and return the empties. Crab, storage- 
battery, or compressed-air locomotive often hauls to the working face; but, where there 
is headroom for animals, the necessary delays and small tonnages handled in gathering 
work require careful aiialysis of cost of gathering and returning cars, to prove whether 
such extension of locomotive service is profltable. The proper limits for rope haulage 
systems arc more definitely determined by the gradients, tonnage, and layout of workings, 
than when the mure flexible prime movers are used. In undulating coal seams, frequent 
examples are found of alternating animal and rope haulage, and there ore unusual cases 
where locomotives with their trains are taken up grades by rope haulage. 
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20. TRAMMING COSTS 

Table IS. Truaming Coets 


Company 


AUaka-Qaatineau. 

Alaake-Juneau. 

Alasku-Treadwell. 

Bawd win. 

Britannia; Ea«t Bluff mine... 

Victoria mine. 

Fairview mine. 

Bunker Hill St Sullivan. 

Cold Springe. 

Crewm. 


£1 Potoei. 

Eureka Standard.. 

FVeanillo:. 

HiU Top 
Otbere.. 
Qrand Republie... 

Hartley. 

HoUinger. 

Homeetake. 

Meintyre. 

Miami. 

Mt Hope. 

New Cornelia. 

Teeuitlan. 



Year 

Tonnage 

Alaska... 

1915-18 

6 523 873 

• • 

( 1923 

2 476 240 


1 1937 

4 442 760 

SI 

1914 

910 000 

Burma. 

1924 

175 000 

B C. 

Before 1933 

396 664 

41 


133 195 

SI 


I 268 234 

Colo. 

1937 

386 576 

41 

1931 

1 125 

as 

1931 

54 747 

■ 4 

1932 

61 914 

Chihuahua. 

1932 

441 094 

Nev. 

1933 


^um.fjwfaa. 

1930 




3 858 688 



5 111 414 

Colo. 

1935 

28 515 

Kan. 

1930 

ISO 212 

Out. 


2 998 240 

S D. 


4 000 daily 

Ont. 


557 104 

Aria. 

1931 

4 438 808 

NJ. 

1930 

176 474 

Ariz. 

1930 

3 417 374 

Zacatecas. 

1930-1 

66 764 


Centa per ton 


6.661 (o) 

(c) 

<c) 

(d) 

(e) 

CO 

(f) 

(« 
(0 
0 ) 


8 

11.6 

72.9 

.S:a 

7.71 

10.4 

71. 

63.1 

52.1 
2.3 

17. 


4.32 

13.95 

87.9 
15.17 
8.97 
18. 
13.5 

3.515 

45.9 

6.6 

26.9 


(*) 

<l) 

(») 

(») 

(•) 

(p) 

(9) 

(r) 

(*) 


Abbreviations in following notes are same as in tbe Bibliography. 

(a) (A) Vol 63, p 483. (b) including loading and tramming, P. R. Bradley, (r) includes pro¬ 
portion of general onarges and hoisting, (d) I C 6815. (e) Haulage 11 000 ft, through Kellogg 

mill adit with trolley locomotives. Stanly A. Easton. (/) high grade ferberite. I C 6673. it) I C 
6806. (A)/0 6804. (0/06851. O') I* H. Ashley. (£) 1931, p 279. (k) / O 8976. (1)/0 6656. 
(m) tonnage includes ore, waste and sand, coat pw ton millea, 12.9^; track labor and material, 
3.46 pnr ton hauled, or 5.936 per ton milled, (n; includes motormen, trackmen, motor, ear and 
track repairs, lubricants and power. E. O. Boss. 1037. (o) I C 6741. (p) figures for 1931 are not 
Miami's lowest, but are more representative, as they cover the last year of nearly normal production. 
R. W. Hughes, 1037. (g) / 0 6601. (r) I C 6666. (s) I 0 6735. 


21. HAULAGE ACCIDENTS (72-80; also Sec 23) 

Underground haulage accidents in all kinds of mines and underground quarries in 
1035 and in 1936 were as follows in accompanjnng table. 


See also Sec 23 

Fatalities j 

Non-fatal injuriea 

1935 

1936 

1935 

1936 

AnthraottG miiiea..... 


26 

I 909 

1 914 

Bituminous mines.. 

198 

202 


12 097 

Metal non-metal mln^, except coal... 

! 9 

13 

897 

1 445 



. 2 

29 

35 





237 

243 

13 785 

15 491 


Haulage accounted for 20.7% of all fatal and 23.36% of all non-fatal underground 
accidents in 1935, and 17.12% of fatal and 20.8% of no^-fatal accidents in 1936. 

To reduce accidents, (a) illuminate haulage ways, so that men will not need individual 
lights on motor tracks; (5) have head light on motor and on rear car of train; (c) stand¬ 
ardize equipment, so that bumpers, couplings, etc, are alike on all cars, with handles 
so that the hand can not be caught; id) have safe clearance between cars on one or prefer¬ 
ably both libe of entry (a dose nb is better than one with unsafe clearance) ; Bull 75, U S 
Bureau of Mines, reoommpudB refuge bays with 2.5 ft clearance at not less than 3(X)-ft 
intervals; (e) keep track tamped and dean, to prevent derailment; (/) timber and sup¬ 
plies, stored alongside, should be at least 2 ft from rail; ig) transport long tools and 
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material only on apecial trucks, not on locomotive or ore cars; (h) use block fillers to top 
of rail-web in fiangeways and wedge spaces in frogs and switches; (t) use low-voltage 
trolley current; support wire at short distances, so that sag will not exceed 3 in, and, 
when less than 8.5 ft above rails, guard with boxing Sin lower than wire; donotrunwire 
over footway ride of track; avoid trolley system for low-roofed, wet worldngB; O') bave 
gong on ail motors, and start locomotive only on signal from trip rider and aftes giving 
warning bell, and sound bell before all junctions; {k) keep car doors and latches in repair 
and inspect recloring; an open side door is especially dangerous; (1) keep record of haulage 
delays, and offer bonus to driver having minimum derailments and locomotive repairs. 
In mines of large output, where many trains operate on main levels, a dispatching and 
block-signal system are essential (75, 77-80). 
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HOISTING PLANT, SHAFT POCKETS AND ORE BINS 

1. HOISTING SYSTEMS 

Unbalanced hoisting is done in one-compartment shafts, where there is no descending 
wt of empty car and cage to help lift the ascending cage, car and contents. It is the 
simplest form of hoist, and is used for prospecting, handling men and supplies, and for 
mines with small outputs. 

Balanced hoisting is doiie in two-compartment shafts, where the wt of ascending skip, 
or cage and car, and material is offset by empty skip, or cage and car, descending in the 
other compartment. It may be used with all shapes of drum or reels, and is the commonest 
method. With cylindrical drums it is very flexible. For hoisting from one level, 1 or 2 
drums are keyed to the shaft. For hoisting from several levels, 2 drums are necessary, 
one of them clutched and the other keyed or clutched. Advantages: simplicity, low first 
cost, and adaptability to variation in hoisting conditions. Disadvantage is the large 
variation in rope load in deep shafts. 

Slack-rope hoisting (3), practiced in a few coal mines for self-dumping cages, consists in operating 
with a certain amount of slack rope, so that one cage strikes bottom and its empty car is uncaged, 
and a loaded ear is caged while the cage in the other compartment is dumping its load, the hoist 
being at rest only momentarily. The motor must therefore start the loaded cage witliout the 
counterbalancing effect of the empty cage and car after landing at the bottom, thus requiring a 
larger motor and greater power. Its purpose, to increase the tonnage output per unit time, is 
questionable, since time for retardation is longer. It is not recommended. 

Static hoisting moment is the product of load on rope in lb and the drum radius in ft, 
at the iwint where the rope leaves the drum. Resultant static momenta for balanced 
hoisting are equal to the difference of the moments for each rope. Static momknt dia- 
QBAMS show resultant static hoisting moments for definite positions of cage or skip in a 
shaft (see Fig 1^). Serving to compare hoisting systems from standpoint of balance, 
they are not always indicative of relative power requirements, because equalization of 
hoisting load may be obtained by using additional weights in drums and tail-rope, requiring 
large h p for acceleration. If FF wt of skip or cage and car; tc » wt of load; wr wt 
of rope; and B radius of cylindricad drum; then for balanced hoisting with cylindrical 
drums: 

Static moment, load at bottom »■ (FT-j-w-l-iw — W) i2 = (w> -|- wt) R 
Static moment, load at top (FT w — wr — W) R ^ {w — wr)R 

Toil rope, used with cylindrical drum, gives perfect equalization tliroughout the hoist. 
It hangs in a loop in the shaft, its ends being attached to bottoms of cages. The cages 
can not move independently, as for hoisting from different levels, whence its chief use is in 
shafts where hoisting is from one level only (2). A large sheave, resting in the bight of 
the tail rope, and supported in sliding bearings below bottom landing, steadies the rope. 

While theoretically sood, the tail rope has been rarely used in the U S. There are a few in 
South Africa (1), but they are not favored, due to difficulties of inspection, cost (due to short life), 
laehing and vibration, and extra weight and space required for bottom sheaves (Fig 1, 2, 4). 

Coonterweight hoisting. The skip, or cage and car, in a one-compartment shaft is 
counterbalanced by a weight sliding in guides at one side of the shaft. Advantages: it 
eliminates one compartm'*nt, increases efficiency, decreases size of engine required, but 
requires a reversible engine, since power is necessary to lift the counterweight. 

Design. As ordinarily designed, the static hoisting moment diagrams for lowering 
empty and raising loads are the same. Hence, the resultant static moment with load at 
bottom must equal that with counterweight at bottom. If C equals wt of counterweight 
and other symbols are as for static momenta, then 

Static-moment, load at bottom ™ {W la -f- wr) R — CR (1) 

Static-moment, counterweight at bottom » (C -|- w) R — FF^R (2) 

Equating Eq 1 and 2 gives C ■■ TF ^. which means that if the wt of counterweight 

2 
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equals wt of skip (W) plus 1/2 wt of load , then the hoisting and lowering diagrams 
will be equal. Countbbweiobt plus tail bope give perfect equalization of roi>e load. 
If the counterweight is equal to IT 4* then the unbalanced load, whether hoisting load 

40 

or counterweight and, in all positions of hoist, is ~ or one half the weight of the ore. This 

<£ 

therefore is an economical hoisting method from the power standpoint and has application 
for small capacities. Countehweight plus chain hoisting is intended to do away with 
tail>rope. A cliain, attached to the counterweight, piles up on the shaft bottom as counter¬ 
weight is lowered. It has merit in reducing hoisting power required, but adds to stress in 
hoisting rope, and is not used at present. 

Koepe system of hoisting (Fig 1). In thio old Ehiropean system, which has not been 
used in America, the drum is replaced J!jy a large, single-groove driving sheave. A single 
rope posses around 190° to 200° of sheave circumference, with cages attached to the ends. 







B 



The system is suited only to mines of one level, and a tail-rope is essential. Head sheaves are 
placed tandem, so that both parts of hoisting rope arc in same vertical plane. To prevent slippage 
of rope on d''iving sheave, the wt on loaded side plus its acceleratiiiK force must not exceed wt on 
empty side niinus its acceieiating force by more than a certain .percentage, depending on arc of 
contact on driving sheave and coef of friction. Ratio of the greater to the smaller pull must not 
exceed «/«, in which e is the base of Nap log (2.71828), a the angle of contact on driving sheave, and / 
the coef of friction (0.18 to 0.2.'i). Advantages; since in the sheave there is less mass to be acoelerated 
and retarded than in a drum, more rapid acctl and retardation are possible, smaller foundations and 
buildings are required, and wear on rope due to bending is minimized. Disadvantages: cages can not 
move independently; if rope breaks both cages fall, and drag of rope over the head sheaves is likely to 
prevent operation of safety catches. The system is best suited to electric hoists, which have con¬ 
stant torque (4). 

Whiting system (Fig 2), demgned to overcome the disadvantages of the Koepe system, 
has two 3 to 5-grooved driving sheaves, placed tandem and coupled to engine by connect¬ 
ing and parallel rods. The rope has ample frictional grip by passing several times around 
both sheaves. To adjust or change distance between cages, or let otit rope as shaft is 
deepened, a slow-motion geared fleeting engine is used. Abnormal stresses, due to creep 
of rope on sheaves and to unequal wear of grooves, are compensated by steel rings in the 
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grooves of one eheave. The rings slip under unusual stress, but are tight enouidt to resist 
the ordinary rope pull. Advantages: tail-rope is unnecessary to prevent slippii^; can be 
used for sinking and for shafts that are periodically deepened. 




Fig 2. Whiting System 

Writiko ststkm with TAit-BOTB requires rope of uniform section: hence is not applicable 
when the depth is such that the useful strength of the rope is too small for a load required to give 
the output. With rope of high tensile strength the system has advantages to a depth of 6 000 ft, 
especially if hoisting ia from the bottom only. A tail-rope is necessary to give constant load 
throughout the hoist. Advantages: lower first cost, smaller engines, and less energy for accelerat¬ 
ing the comparatively light driving eheaves. The system is rarely used. 



Fig 3. Ohnesorge Driving Sheave with Endless Shoe Chain. (E A M Jour) 


Koepe hoist with Ohnesorge sheave (Fig 3) (5). This recent modification provides 
for a number of rope wraps on the driving sheave; the rope is kept in the center line of the 
sheave, and travels in a veitical plane over the head sheaves. There is a set of indepen¬ 
dent, semicircular grooves :n the form of an endless shoe-chain, set spirally in a number of 
turns on the sheave face. For 1 Vi rope turns, there are 3 chain turns on the sheave; 
for 2 l/s rope turns, 4 chain turns. Inside projections A (Fig 3) of the chain links fit in 
threads of worm-screws, and rectangular recesses fit on a rectangular cleat on sheave 
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face, wbiok keep the chain from slipping. A number of wonnHScraws on sheave periph¬ 
ery enflMS inUde the face with certain links of the chain. Pitch of worm equals width 
of chain link, and one side of each worm-shadt ends in a crank of radius r. A sin^e 
eccentric steering wheel, hanging freely from the ends of this crank, revdves with main 
sheave about its own axis, and is kept in position by small rollers, revolving in bearings c, 
which are integral parts of main sheave bearings. As the worm-screws thus make one 
complete revolution in a direction opposite to that in which the rope would tend to travel, 
due to direction of rotation of main sheave, there is no fleet angle. 



AdvantsRM. Since the friotionai pip of rope on the Ohnesorge sheave may be varied at will by 
eontrollinK the number of rope turns, it permits; (1) high-speed hoisting; (2) greater acceleration; 
(3) elimination of tail-rope, if desirable; (4) hoisting of light or heavy loads; (S) perfect rope lubrica¬ 
tion; (6) a smaller sheave than the regular Koepe; (7) hoisting from different levels, as in lig 4, 
where 2 Ohnesorge sheaves are clutched on the same shaft. [Skip 1 is at the bottom, skip 2, at top. 
Counterclockwise sheave rotation causes skip 1 to rise and 2 to descend. To hoist in balance from 
an intermediate level, place skip 2 on rope of sheave 2 and unolutch sheave; then pull skip 1 to 
levd desired. Clutch sheave 2 and proceed to hoist in balance]; (8) permits occasioniJ cutting off a 
piece of rope near cage or skip, for testing; (8) may be operated with 2 or more ropes, making 
it also suitable for elevators. Costs in Germany, 1932; for 40-in diam driving sheave and l-in 
rope, with 3 turns of shoe chain, $700; for 8.2 ft sheave and 1.%-in rope, with 3 turns of shoe chain, 
32 000. An extra shoe-chain turn on 40-in sheave adds 350 to cost; an extra shoe-chain turn on 
8.2-ft sheave adds 3150. 

Taadem system of hoisting in deep shafts (Fig 6) consists in having 2 skips in the same 
compartment, the upper skip with a rope equal to half the depth of shaft, the lower with 
its rope attached to bottom of upper skip. Upper skip receives its load from pockets at 
middle point of shaft, into which the lower skip dumps. Both are loaded and dumped 
simultaneously. The upper rope carries its own wei^t and that of both skips. Both 
ropes may be tapered. The drums need be only large enough to hold rope equal to half 
the total depth. With conical drums, the ratio of small to large diam is leas than with a 
aineJe lift, and the moment of inertia of drums is thus reduced. There is a theoretical 
economy in steam consumption of about 9% over hoisting in a single lift, and the hoist is 
■nailer, with consequent lower first cost. Offsetting this is the coat of extra loading 
pockets, shaft arrangements and labor attendance. 

Two-stage hoisting tFig 6) requires 2 engines, one hoisting from the bottom and 
dumping into a bin at an intermediate station, from which the other engine hoists to the 
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surface. The engiaes may be duplicates, by which first cost is materially reduced. With 
ooDioal drums (Art 2) this condition may make it necessary to sacrifice equality of static 
moments. The two lifts must overlap by about 65 ft. Thia system gives better steam 
economy than the single lift, by about 10.5%, but against this is increased cost of shaft 
construction and extra attendance St surface and intermediate station. 

This is the commonest system for deep hoisting, especially where the shaft changes 
from vert to inclined. Engine for the lower lift is usually placed in an underground station, 
and driven by elec, sometimes by compressed air, steam being out of the question. Even 
with elec hoists special ventilation is necessary, due to the heat generated. 




Single-Uft, tandem, and two-stage systems compared. Single i.ift. Advantages: sim¬ 
plicity, flexibility, absence of attendance at intermediate station and elimination of co^t of 
this station. Disadvant.>Kes: liigh first cost, on account of large engines and drums; exces¬ 
sive ratio of cud dianketers; danger of whipping of the ropes; increase in cost of headfiame; 
engines'are proportionately less economical when handling men, tools, and supplies. 
Tandem system. Advantages. ankaller size of engines and very much better ratio of end 
diameters of drum, thus reducing first cost; engines more economical; no whipping of 
ropes; may be used for greater depths than single-lift system; steam demands on boilers 
are more equally distributed tlian in single-lift system. Disadvantages: extra first cost of, 
and attendance at, intermediate station; high cost and size of headframe; lack of flexi- 
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bility, m that the system is not suited to sinking, or hoisting from different levels. Two* 
BTjLon STSTBM. Advantages: greater flexibility than the single lift; favorable drum 
proportions (equal to the tandem system); tail ropes could be used in both upim and 
lower stages; use of brakes is attended with less loss of energy; is suitable for sinking; 
hoisting may be done by either stage from intermediate levels, without interfering with 
operation of other stage; first cost of 2 small engines is probably not much greater than 1 
large engine, for a single lift; engine for upper stage could be installed first, and second 
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_ with spiral cone 

drums for counter.welgbt 


engine not purchased until needed; steam demand on boilers is more uniform, requiring 
smaller boiler plant. ^ 

Other hoisting sysiema (37), the Schitko, Despritz, Monopol, Gerhard and Tillson, are modi¬ 
fications of the preceding; ^agrammutically shown in Fig 7. 


2. HOISTING DRUMS 

Drums (3) may be cylindrical, conical, cylindro-coni'-al, or reel (Fig 8). 

Cylindricsd-drum hoists may have: (a) one drum, keyed to driving ahtnt; (o) two 
drums, both keyed to shaft: (c) two drums, 1 clutched and 1 keyed; (d) two drums, both 
clutched. Keyed drums are used for single-level mines; clutched drums, for hoisting 
from more than one level and for adjusting rope stretch. (A novel design is shown in 
h'ig 9 (6). The drums are bi-cylindro-<«3ni<«l, mounted on parallel shafts geared together 
and driven by motors coupled to the gear pinions.) Drums have flanges to prevent rope 
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numing off end. Winding surface may be smooth, grooved, or lagged with wood. A 
smooth surface causes rope to chafe and wear. With wood lagging, there is less wear, as 
rope makes its own groove. Grooved metal drums are best. The winding of rope on itself 
(in more than one layer) is poor practice, and rarely admissible. Bbakx sobtaox forms part 
of the drum, and is of a diam and width sufficient for the hoisting load. Munuuic dbum 






Fig 8. Common Forms of Hoist Drums 

A—Single cylindrical. A'--Double cylindrical. B—Conical. C—Cylindro-oonical; ro^ starting 
on different diams. C'—Cylinclro-conical; ropes starring on same diama. D—Reels 


DIAUBTEB, D, is at least 60 times rope diatn r (in); general ratios are: 70 in coal mines and 
SS in metal mines. If L » length of rope, and N the number of turns of rope on drum, 


N 


L 

+ r) 


(3) 


Allow 2 extm turns to protect rope fastenings, and 2 turns against overwinding; then, 
length (W) of a smooth-face drum between flanges =» (AT -|- .^) X r (4) 

For a grooved drum, allow 1/4 in between adjacent coils of rope; then. 


W- (iV-l-4) X (r+l/4in) (5) 

Conical drum. In theory, the '>’arying radius of a conical drum should be such that 
the static hoisting moment is con.,tant. But this is true only when the element of the 
oonoidal surface is a curved Hue. Curve-faced drums are costly and difficult to make, 
and are not used. A single, :4traight-faccd cone gives perfect equalisation only at begin¬ 
ning and end of hoist (Fig 10>; momenta at all intermediate points exceed the end 
tnoments. A pair of cone drums (in double compartment shaft) equalise also at passing 
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point of cages (Fig 11); at all other points, equaliaation is only approximate. To de¬ 
sign a cr<nieal drum, depth of shaft, weight of cage, oar, ore, and sue and weight of rope 



-56 ft approx- 

Fig 9. Motor-driven Double-drum Geared Hoist (Gen Elec Co) 


must be known, and the resulting cone is suitable only for the given depth of shaft 
Hence, economically, conical drums lack the range of service of cylindrical drums. 




Fig 11. Passing Point of Cages 


Design. Assume small diam of drum, which should generally he not less than 60 
tixnea diam of rope (.\rt 5 and 7). Let R ■■ radius large end of dnim, ft; r ~ radius small 
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end of drum, ft; Wr ■■ wt of one rope between top and bottom landings, lb; TT ■■ wt of 
cage and oar, or skip, lb; tv wt of ore, lb. From Fig 10, to fulfill the conditions, the 
algebraic smn of the static moments in the two positions of loaded and ejapty cages at top 
and bottom of shaft must be equal; 

{Wr + W + w)r -WR’- {W + w)R- (W + lFr)r (6) 


whence. 


R 


r(2Wr + 2W + w) 
2W -f- w 


(7) 


in which R is the only unknown quantity. Since rope weight appears in only two terms 
of Eq (6), the drum as designed equalizes only for the assumed depth of shaft. Width 
of drum depends upon depth of shaft, size of rope, and angle of drum face. For angles 
under say 30°, the horiz pitch of grooves need not be more than to in greater than 
rope diam; for large angles, pitch may be 2 to 2.5 times rope diam, to make grooves deep 
enough to prevent displacement of rope. . Number of grooves >=> rope length divided by 
mean oircumference of drum. 


Passing point of cages. Let S — distance of passing point below surface, ft; I distance 
between top and bottom landings, ft; d and D =- respectively small and large diam of drum at 
bottom of groove, ft; a » rope diam, ft; n » number coils of rope on one drum with cage at top 
(2 or 3 extra coils at each end being usually allowed). 


Then (Fig 11) 


n 


_i_ 

( D +d 
V 2 



21 

»(£» + d + 2u) 


(7a) 


At passing point (which is below middle of shaft) the number of rope coils on abrs — number 
of coils on bfgc, since passing point is reached when drum has nude half the revolutions required 
for a complete hoist, and both ropes are winding on mean Jiam. Length of rope unwound from 
hfgc » iS, whence: 


d + Z> 


8 - 


r(bc + fg) 


X ~ and 


he + /g 


+ D 


+ 


3/) 4- d 


Substituting, S •> 

If D and d be taken as diam of rope coils, 

2/ 


(3f) + d) 


r(l> + d) 


,.hence. S - « 

4 (/) i- d) 


( 8 ) 

( 9 ) 


Cylindro-conical drum (P'ig 8, 9, 12) is a modification of the conical type and used for 
the same general purpose. Advantage: it is cheaper and lighter than the simple conical 
drum, because both ropes may use any and all portions of drum surface. This is accom¬ 
plished, however, at the expense of true equalization of hoisting load. 


To increase rate of acceleration, and attain max speed sooner, drums are sometimes coned 
steeply for a few rev, remainder of drum lieiiig cylindrical. This is more useful for electric than 

steam hoLsts, as it reduces the heavy starting current 
required, especially witli induction motors. Common prac¬ 
tice with electric hoists is to make the first few turns, at 
the. small diam, cylindrical in form; then a steeply-inclined 
portion, and ending with a few turns on a cylindrical sur¬ 
face at the large diam. Each drum must be designed to 
suit conditions of load, speed and electric current factors, 
f'lg 12 shows a steam-driven cylindro-eonical drum at 
No 5 shaft. Tamarack Mining Co, Mich. Drum weitdhs 
300 000 lb. Each cone holds 2 123 ft of 1.5-in rope; the 
renter, 3 87.3 ft. Total length of each rope, 6 000 ft. At Na 2 
shaft, Quincy mine, Hancock, Mich (23), the drum is 
cylindro-conical, small diam, 16 ft; large diam, 30 ft: 
length, about 30 ft. Each cone hns 42.5 turns; the com¬ 
mon cylindrical part, 76 turns. One cone, plus cylindrical 
surface, holds 10 000 ft of 1 S/g-in , ope. 



Fleet angle is the angle through which the rope 
travels across the drum face, measured in a plane 
through the drum and sheave c.onters, between sheave 
center and extreme position of rope at ends of drum 
face. The angle generally varies between 1.5° and 4°; 
when excessive, it increases wear on rope and makes even winding on drum difficult. Meth¬ 
ods of decreasing fleet angle: (a) increase drum diam, with consequent decrease in length; 
(6) increase horiz distance between drum and head-sheave; (c) wind rope on drum in more 
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than one layer, or nae reels; (d) increase height of headframe; (e) use Koepe hoisting 
system, erith or without Ohnesorge wheel (Art 1); (/) end-lift sheave and drum arrange¬ 
ment (Fig 13). Mpat common methods are a and b-, e,d, and / are used only under severe 
topographic conditions; e, with Ohnesorge sheave, is used in Europe, but not in U S. 
Fleet-angle determination. If d b: horiz distance between sheave and drum-shaft cen¬ 
ters (ft), h »* vert distance between sheave and drum-shaft centers (ft), w »» width of drum 
covered by rope (ft), and F » fleet angle, then 


( 10 ) 

Drum and head-sheave arrangements. Fig 13, are referred to as front and end lift. 
End lift (drum in line with shaft compartments) is used to reduce the fleet angle when 
required by topograpliic conditions around collar of shaft. 

Reels for flat rope have same effect as conical drums in tending to equalize static 
hoisting moment. Advantages; small space occupied; smaller cost; due to absence of 



Fig 13. Diagram of Two Arrangements of Hoist with Reference to Headframe 


fleet angle, hoist may be placed close to shaft; weighing loss than drums, le.sa power 
is required for acceleration. Disadvantages: flat rope costs more, is heavier and has 
shorter life than round rope of same strength. A few reel hoists are still used, but no new 
installations are being made. 

I'lat rope (Art 6, 7) increases winding radius at each gev by an increment equal to rope 
thickness; hence, the result is Uieoretically the same, and same calculations apply, as for 
round rope and conicail drum. But in nmking flat rope, practical considerations flx its 
thickness tor a given width, thus modifying the winding increment, so that equalization 
is even more imperfeet than with eonical drum. Disadvantage: lack of steadying effect 
on engine produced by hcaviei drum (4). Also, rope troubles arc serious (Art 7). 

Design. Diam of reel hub d should be at least 60 times the rope ttiickness. Having selected 
rope of proper strength, following are the relations between small and large winding diam d and Z>, 
length of rope I, and its thickness (, all in in. Annular area between inner and outer surlaoe of 
coiled rope •» It; whence. 

It - 0.25 ir (D® - d®) (11) 

D - zd, It - 0.25 v d® (z» - 1) 

'* “ Vo.26 ir (z® -1) 

in which z Z> -t- d, found from £q 8. Knowing d, D > xd. 


and, if 
whence. 
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Bnnflc. Bope, 2 000 ft 24 000 in of 4 by s/s in, 2.66 lb per ft ■■ 5 820 lb. 
akip, 3 000 lb. Then x«<(2 X 3 000 + 2 X 6 320 + e 000) •<- 2 X 3 000 + 6 000} 
atitttting in Eq 13: 


Hence, 


d 

D 


■ 4 . 


24 000 X S/g _ 


0.7854 (1.88» - 1) 


« AO -> 




67.2 in - 5.6 ft 
- 10.62 ft 


Ore, 6 000 lb; 

« 1.88. 8ub- 


( 18 ) 


Comparison of systems of oQualisation. Fig 14 shows static moments for different 
depths, based on calculations for a 3 000-ft riiaft, skip 3 000 lb, ore 8 000 lb; hoisting in 
balance. Working stress in rope, including bending stresses, is taken at 50 000 Ib per sq 
in of steel section, as near as standard sise can be selected. Conditions: Cylindrical 



Depth of load below Snrface, Foct 
Fig 14. Static Hoisting Moments 

drums, 9 ft diam, rope 1.25 in @ 2.45 lb per ft. Conical drums, 9 by 18.45 ft, rope 1.21 
in, 69.6 coils. Keels, small diam 60 in, large diam 144 in, rope by 5 in @ 3.25 lb per ft, 
112.4 coils. Whiting sheaves, 12 ft diam, rope 1 i/g in @ 2 lb per ft. Koepe sheave, 
24 ft diam, rope 1 in @ 1.58 lb per ft, with l-in tail rope. Thus the Koepe sheave, because 
of its large diam, requres largest engine; its static moment is greatest, but is uni/'orm. 
Curves for conical drums and reels show good equalization when hoisting from shaft 
bottom; but the dotted lines, giving moments when hoisting in balance from half the 
depth, riiow that larger engineo are necessary for hoisting from intermediate levels in 
balance than for hoisting from bottom only. 

Drum construction. Small drums are cast in one piece, with brake ring and clutch* 
surfaces. Large drums are cast in parts, to prevent shrinkage stresses and for convenience 
of transport. The shell and flanges may be cast in one piece and each spider separately, 
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or dull itadf cast in segments. To reduce wt, the shell may bo of steel plate (Fig 14a). 
and large drums (especially when conical) may be of cast steel instead of iron. If drums 
aiw loose on shaft and controlled by clutches the hubs are bushed with brass or bronze. 



Fig 14a. Drum, 8 ft Diam X 4 ft Face 


Main drum may have a small internal drum, on which is wound extra rope to be let out as 
shaft is deepened. Hope life is increased by grooving the drum. 

Drunie at Belmont Mine, Butte, Mont (0) are steel plated oylindrical, 12 tt diam by 03 in face. 
The shells are grooved, fitted on the inside with 3 expandable wedge rings and bulled to (;i spiders 
provided with removable bushings. Drum shell, end rings and spider are made in halves and split 



Plain, ft 

Fig 15. ESeotive Weight of Drums (Single-cylinder) and Head .Sheaves, for Estimating Purposes 
Only (Gen Elec Co). Fur gears, add 10%: for doable drums, add 100% 

parallel to drum-shaft axis. The iron brake and clutch rings are cast integral and bolted to drum 
end flanges, which are of oast steel. The drum holds 5 500 ft of 1 VS'in rope in 3 layers. 

Inertia effect (3) of the drum, important in calculating duty cycles, is influenced by 
design and varies with different makers. Hence, fur final oaloulations, the inertia effect 
1—85 
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is determined by the maker. For estimating purposes, Fig 15, 16 are included here, hut 
it should be remembered that the accuracy may not be better than 1 to 2. G. Bright (8) 
suggests obtaining the inertia of a cylindrical drum by allowing 200 lb per sq ft of drum 
surface with a radius of gyration assumed 3 inches inside the drum surface. 



Fig 16. WR2 of Conical Drums (double faced). For estimatinK purposea only. For gears, add 10%. 

(Gen Elec Co) 


3. BRAKES AND CLUTCHES 

Brakes are of band or post type (Fig 17, IS), applied for small hoists by hand or foot, 
through systems of simple levers. Brakes of large hoists are power-operated; applied by 
a weighted lever and released by lifting the weight with an tur, oil or hydraulic cylinder. 
Band brakes are used for both large and small hoists, post brakes only for the larger sis.es. 
The levers of band brakes are sometimes designed to increase the brake pressure by a 
constant application of braking force; more desirable for hand than for power brakes. 
Hand emergency brakes, on hoists equipped with power brakes, may have a differential 
motion tending to tighten the brake automatically after being applied. Their instan¬ 
taneous action is objectionable. 

Band brake. Assuming diam of brake surface is same as that of drum, the band and 
anchorage must stand greatm* tension than that of the rope (Eq 14, 15). 

Let W ~ friction between band and brake surface pull on rope, 

Ti and Tj — tension respectively at anchorage and at end of brake band, 
e “> base of Na^crian system of logs »■ 2.71828, 

/ ■* coefficient of friction, wood on iron « 0.30, 
e ratio o^ length of arc of contact of brake to radius of brake surface, 

a ■■ angle of arc of contact, deg. 

TF » Ti - r* 


Then 


(M) 
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But 

r« - Ti + or -I-* « s'® - sViiii") 


and 

logio / lio ® (2.71828) - ^ (0.4343) /o 


or 

Ti —(•.4i4«/a 

. 10 . 100.0OTM/a 

T% 


When 

a - 270" and / - 0.30, — - 10i>.»>»» - 4.11 

Ti 

(15) 


Substituting in Eg (14)i W 0.757 Ti\ whence, Ti is about 1.3 time.« the rope pull under beat 
eonilitions and with drums nearly at rest. If braking surfaces are in poor condition, / is reduced 
and Ti increased. If brakes are applied 

suddenly, with hoist in motion, Ti may be ^ ^ 

doubled or tripled, if tension Tt be sufficient. 

Hence, with heavy loads, the limit band 
braking with practical leverage rai.os is 

soon reached. If hoisting in balance, with ^ 

over and under ropes on one drum, brake Ijff W 

band should be in halves (Fig 17), so that ^ W 

the anchorage will always take the load due ^ H 1 O irE 

to either rope, otherwise one ro]^ will pull yv tt / jW L 

against the brake lever. _ ^ m 

Post brake requires a smaller move- I u ' IT ^I 

ment for necessary clearance from | 11 '■ 

brake ring. Also, the load is always | l3t |!! | 

carried by the anchorage, regardless of ^ ^ 

direction in which the rope winds upon Pig 17 , Band Brake 

drum. Frames of post brakes should 

have FA.RALL£L MOTION, to secure uniform pressure over entire surface of brake shoe. 
This is done by supporting the frames on swinging links (Fig 18, in which the weighted 
lever for applying the brake is not shown). Post brakes increase first cost of hoist 4-8%, 
but are now used on nearly ail large hoists. 

Clutches are of jaw or friction type. Jaw clutch is simple and safe, but, because 
of its positive action, both drum and engine must be at rest, or nearly so, when clutch is 

thrown in gear, and the two 
parts of clutch must bo in 
certain relative positions be¬ 
fore they will mesh. It is 
suitable where hoisting is gen¬ 
erally in balance and from 
one level. Simple jaw clutch 
is used only on ^e pinion 
shaft of geared hoists. Mul¬ 
tiple-tooth clutch, with large 
number of teeth in a circle 
near periphery of drum, and 
a sliding member on shaft, is 
sometimes used. Nearly as 
close adjustment can be had 
as with friction clutch. Fbic- 
TioN CLUTCH is preferable 
where relative positions of 

Tig 18. ParalUl-motion Post Brake, Operated by Comp^air cages are changed frequently. 
Cylinder (Nordbwg) or a nice adjustment of dis¬ 

tance between them is neces¬ 



Vlg 18. 




Parallel-motion Poet Brake, Operated by Comp-air 
Cylinder (Nordbwg) 


sary. It is beat suited to general mining purposes. Cons friction clutch is satisfactory 
for drums up to 48 in diam, and may be us^ on larger drums. But, with large drums, 
heavy loads, or high speeds, the end thrust on drum-shaft bearings and friction on thrust 
pin cause trouble. Cone friction is always operated by hand power. Band friction 
CLUTCH costs more, but is otherwise preferable. It is readily inspected and adjusted 
for wear. Fig 19 shows the Lane tyi^. It comprises a cast-iron spider a, keyed to 
drum shaft, and fitted with fixed arm b, and movable arm c, pivoted at d. The 
aims carry steel band e, lined with wooden blocks. Inner end of c is connected to 
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sliding deeve / by toggle g. When the deeve is moved toward dnun the band tightens 
on the friction ring j. Wheo. released the band is prevented from fggi^g by the liftm k. 
On drums 8 ft diam and over, the band is usuaOy made 


in halves. As toggle levers g approach the normal die 
tensile strain in the band becomes very great, with risk 
of excessive stresses if dutch is set too early. Since dutch 
path may be greasy, coefT of friction is assumed at 0.2. 
With the rope pull reduced to its equivalent at periphery 
of dutch path, the tension at ends of band may be cal¬ 
culated as for band brakes. The rope should be so 
wound on drum that the greatest pull is on fixed end of 
band; less tension is then required in the dutch. It is 



Fig 19. Lane Band Friction Clutch 



Fig 20. Auxiliary for Hoisting 
Engine Control 


recommended that the leverage between end of band and the sliding sleeve be 20 to 1. 
Assuming elfic of 50% for the clutch gear, when the band tension and force required on 

the sliding sleeve are knoem, the size of dutch-engine cyl- 
ENO VIEW sj I iiidcr is determined by working back through the lever- 

iTAffq Multiple-arm disk clutch is often used on large hoista. A 

I r 1 I / ® driver, keyed to drum shaft, carries two ribbed lings supporting 

~ I between which works the steel clutch-ring of 

/if ^ I fitmf drum. The ribbed rings ore actuated thiough toggles, moved by 
/ ^ yi 2 a sleeve sliding on the driver 

• > T liub. Clutch is self-looking 

if S when thrown in, and stresses 

do not tend to disengage it; it 
I r// "A S is superior to the Lane type, 

fc-f ' ^ ] It JtI equally well 

/ ; I whether the hoisting rope is 

! Ill . a wound under or over. 

* , J ■■■ - -.jljn i Weight J 

I ^ II iHiHl I. —>,1_- _Lj - Auxiliary engines (Fig 

I ^1? [ri\ ~ ^ 20) for brakes, dutches and 

5 7 T ^ } .. V . reverse are operated by 

I / \ A steam, «ur or oil under pres¬ 
to '5=4=^ f Bure. Brakes should'alwaya 

^ J_[__L, nJ '■ applied by a weight and 

^—jJ - 11 ; released by power, so that 

—« - - -^ automatically 

I if power fails. In steam 

Fig 21, Oa-oporated Brake Endue, with Automatic Stop, for boista the same fom of 
Electii'. Hoist engine often operates brake, 

clutch and reverse. 

Steam and air operate expansively Because of cylinder condensation of steam, operator can 
not deSnitely control motion of piston of auxiliary engine; hence, a cataract cylinder (See 40) is 


Oil-operated Brake Engine, with Automatic Stop, for 
Electii'. Hoist 
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ten^m with stsKn. oylindsr. V^vm of both oylindoni oro ooatrollod by ono bond lover 
with o "floOtinc lover" iDotion. Opened by hondi the ordinery volvee are outomoticolly cloeed by 
motion of the piatone. Fig 20 ahowe valve motion of auxiliary engine; a is ateam cylinder and 6, oil 
cataract cylinder. Hand lever opens steam and cataract valves, and motion of piston rod, acting 
through / and i, dcees them after a movement proportional to that of hand lever has taken place. 

Auxiliary engines operated by oil (Pig 21), under pressure from an accumulator or oil-pressure 
reservoir, do not reQuire a cataract cylinder, as the liquid is non-expansive and only one cylinder 
needed. Control is by a floating lever, to make motion of piston coincident with that of operator's 
lever, so that any pressure can be applied and held. Recent types have Auxiliary valves for apifly- 
ing brakes automatically, in connection with safety devices against overwinding (Art 34), or failure 
of steam pressure, or current in case of electric hoists. 


4. MOTOR AND HOIST CONNECTIONS (3) 

Flrst>motloii or direct-acting hoiata have the engine or armature shaft directly con- 
neoted to drum shaft, through rigid flanged couplings keyed to or forged on the shafts, 
or the armature is pressed on an e\ tension of drum shaft. First-motion steam hoists are 
used for large outputs, or depths requiring high hoisting speeds. First-motion electric 
hoists always use D C motors, because of the poor electrical characteristics and high costs 
of induction motors for these purposes. In the dual-motor dbivs, sometimes used for 
large hoists, half the motor capacity is coupled at each end of drum shaft. This better 
distributes the shaft stresses, lessens rotor inertia effects, and insures against complete 
interruption of service. 

Second-motion hoists have one gear reduction. With herringbone gears, which permit 
high tooth speeds and large gear reduction (15 to 1), double reduction is rarely needed ex¬ 
cept for small capacities. This type is well adapted to an A C high-speed motor or 
a steam engine. The motor has two bearings, and the armature shaft is connected to pinion 
by a flexible coupling. 

Cottveraiea of steam hoists to eleo drive may be made by bolting a gear to the crank disk, 
and coupling the motor to the shaft of a pinion meshing with the gear. The drag-link connection 
haa been used in So Africa. The link connecta the e.igine crank to a eimilar crank on the motor 
or to an intermediate gear abaft. 


6. HOISTING SHEAVES 

Sheaveg are generally of the bicycle spoke type; of C I in one piece, a C I-rim with 
W I spokes, or of a welded structural-steel skeleton tsrpe (10). Tread or bottom of groove 
must be true, with a radius slightly larger than the rope. Voigtlander (11) recommends: 


Diam of rope 

Tolerance of groove diameters 

Vs ia and emallcr 

9/j$ in to 1 in 

1 Vis in to 2 in 

Over 2 in 

+1/82 >n minimum to +V82 in max 
+Vie in minimum to -fVs ia auix 
+1/32 ia aiinitnum to -j-l/ie ia max 
+1/8 in minimum to +1/4 in max 



Fig 22. Wroughtriron Spoke Sheave 

Sheave grooves may be lined with wood blooka, grain on end, or ateel liners. Depth of 
groove and width at rim are 3.5 to 4 times rope diam. Sheaves of minimum wt should 
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be used to reduce the inertia effect on rope when engine etope, which eauaes a serublmig 
action and wear on Ibe rope. Si>okes of W-I sheaves are cast into rim and hub (Fig 22 
and 23), making an angle of about 7” with plane of sheave. Sheave diaft or arbor is sdddly 
keyed in the hub, and supported in heavy bearings. Hub is sometimes held between 
2 coUars on the arbor, one being turned solid on arbor, the other split, fitting in an MinnUy 
groove in arbor, and bolted to hub (11). 

Besriags are of the post type (Fig 24), with the cap at 46* to plane of base, or of the ordinary 
horia type, depending on design of headframe (Art 23). Poet bearings may be used in either vert 
or horis position, having the advantage that the resultant of the rope pull always falls approx in 
bottom of bearing. Journals should be so proportioned that the unit preas does not exoeed 200 lb 
per sq in, to permit proper lubrication. 


Table 1. Sheaves for Round Rope 


wt. 

, ^ complete, 
sheave 

shaft and 
boxes, lb 


Coats of sheaves may be computed at 10 to 12^ per lb for weights in Table 1. 

_ Diameter of sheave, mea- 

Table 1. Sheaves for Round Rope _ sured at bottom of tread, de- 

' J TT pends'upon diam and tjrpe of 

„ Max Wt, rope. It should be as large as 

Typt diam of sheave conditions will permit, conadep. 

rope, in Diam, Length, shaft and ing economy of first cost with 

in in boxes, lb respect to life of rope. Makers’ 

---—:---— -—-lists advise a minimum ratio of 

16 Cast uron /g I Vs . 58 92 j.pp^ ^ aheave 

!o “ 6/J Ti/a ■.!!;!!! 85 139 ?^ 

!4 « 6/8 115 190 for o X 7 cast- and plow-steel 

i4 “ 8/4 i s/i'.115 165 rop«* With these ratios, bend- 

E4 6/8 . 150 220 ing stresses are approx 10% 

►0 “ 6/8 165 315 of ultimate strengths of rope 

“ ^8 2 . 150 200 for crucible cast steel, and 8 % 

° .. iV/' ■ 'a' 807 for plow steel. For economical 


Cast iron 


W-I arms 
Cost iron 
W-I arms 
W-I arms 
Cost iron 
W-I arms 
Cast iron 
W-I arms 
Cast iron 
W-I arms 


Journals 

Dianig 

in 

Length, 

in 

1 Vs 


11/2 


18/4 




2 




51/2 

8 



2 





B 


4 






41/2 

8 

3 8/8 


41/2 

33/8 

10 

51/2 

10 

4 




6 

4 

12 

7 

4 

13 

8 

5 

15 



Fig 23. Wrought-iron 
Spoke Sheave. Hub 
and Rim Ends of Spoke 



Fig 24. Sheave Bear¬ 
ing, 45° Type 


wear, the ratios should not be less than 1 : 75 for 6 X 19 rope and 1 : 125 for 6X7 rope; 
equivalent to a ratio of 1 :1125 between individual wires and aheave diam. For fiat ropes, 
diam of reel hub should be at least 80, and of sheave 150, times rope thickness. 

U S Bur of Standards (13) recommends sheave diam for sted rope as follows: for 
6X7 rope, 85 times diam of rope ,6X19 rope, 50 times diam of rope, and never less than 
20; 6 X 37 or 8 X 19 rope, 30 xamos diam of rope. 
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6. VEGETABLE-FIBEIl ROPE 


Mfttwiaiif i& order of etrength: manila hemp, or fiber from abaca plant (sometimes 
erroneously oalled aloe), Baden split hemp, Ruastan and Italian hemp, American hemp, 
sisal, and cotton. Many grades of each material are used, price depending upon strength, 
length of fiber, and care in cleaning. 


Constmction. Hemp rope ie of 3, sometimes 4 or more, strands, each composed of many fibers; 
whieh may be individual fibers, for very small rope, or yarn spun from a number of fibers. O^tsmal 
fibers rardy average over 3 ft long, so that strength of rope depends upon the binding action of the 
twisted fibm under tension, and friotion between them. For same diam, 4-Btrand rope has greater 
wearing surface and strength than S-strand. Manila rope is 25% stronger than sisal. 

Strength. Following formulas (C. W. Hunt) give the relations between strength, sine, and 
weight of rope: 

r - 720 C* - 7 106 i® - 22 500 TT - 9 048 A 
W - 0.032 C® - 0.316 d® <■ 0.000044 T - 0.402 A 

T M ultimate strength, lb; C « circumference, in; A » nominal area, sq in; d » diam, in; 
W “ wt, lb per ft. 

C. Bach gives modulus of elasticity of rope as follows: 


New manila, Lfi7 to 2.17 in diam, loosely twisted, 113 806 lb per sq in 

. •• hard “ 135 145 

New Baden split hemp 1.07 to 2.17 in diam, loosely twisted 140 371 “ 

“ •• . hard •• 177 822 “ “ 


Table 2. Ultimate Strength and Weight of Best Manila Rope (av of different makere) 


Diam, 

in 

Wtper 

1 000 ft, 
lb 

No of ft 
and in 
in 1 Ib 

Ultimate 
strength, lb 

Diam, 

in 

Wt per 

1 000 ft, 
lb 

No of ft 
and in 
in 1 Ib 

Ultimate 
strength, ib 

| V 4 

23 

48-0 

450 to 

620 

i Vs 

746 

1-6 

17 000 to 17 600 

*/8 

42 

25-0 

1 000 “ 

1 600 

• 6/8 

826 

1-2 


V * 

74 

12-0 

1 760 “ 

7 400 

18/4 

1 000 

1-0 

23 700 " 25 000 

B /8 

132 

7-3 

3 140 " 

4 000 

2 

1 291 

0-10 

30 000 “ 33 000 

V 4 

167 

6-0 

3 970 “ 

4 700 

21/4 

1 620 

0-7.5 

37 000 “ 44 000 

Vt 

250 

4-3 

5 900 “ 

6 500 

21/2 

2 000 

0-6 

43 000 " 55 000 

1 

297 

3-7 

7 000 " 

7 500 

28/4 

2 380 

0-5 

53 000 " 63 000 

11/8 

405 

2-6 

9 600 " 

10 500 

3 

2 983 

0-4 

62 000 " 70 000 

11/4 

465 

2-2 

11 000 " 

12 500 

31/4 

3 300 

0-36/8 

75 000 " 78 000 

I »/8 

597 

1-9 

14 000 " 

15 400 






Uses. For mining in America fiber rope is need chiefly for windlasses, whims, and light crane 
end derriok work. Chief advantage for prospecting is that the rope is uninjured by kinks, which 
would destroy wire rope, and there are no projecting broken wires to injure workmen's hands. 
For aame strength a 6-8trand, 10-wire cast-steel rope is as flexible and weighs less than manila. 
The only advantage of tarring a rope is prevention of contraction and expansion in wet and dry 
weather. Tarring increases wt 20 to 25%, and decreases strength. Some makers apply a dressing 
of graphite and tallow or fish oil to the fibers, as the rope is made, to act as lubricant and prevent 
exoeasive internid wear, when rope runs over sheaves. In Belgium, fiat vegetable fiber ropes are used 
for hoisting from deep colliery shafte. These taper in both width and thickness; ratio of width to 
thickness is constant, and is from 6.4 : 1 to 8 : 1. Manila r^pe is now rarely used, except for 
{ffoepecting, winae hoisting, etc. Steel rope is always employed in shafts. 


7. WIRE ROPES (14, 22, 2^29) 

Mateflgli are charcoal iron, Swedish iron, and various grades of cast steel. Iron ropes 
are still used for special purposes, but steel is practically universal for mining. General 
trade names are: "iron” (commonly meaning low-carbon steel), "cast steel," "extra 
strong cast steel,” "plow steel," and "extra plow steel.” Makers have various trade 
names for their extra plow-steel quality. Different tenmle strengths are due to methods 
of manufacture and treatment of wire. Plow steel is lower in P and S, and higher in C 
and Mn, than crucible steel. Toughness of wire is obtained by tempering, and tensile 
strength is increased by repeated drawings, so that from same grade of steel the finer wires 
are sb-onger than the larger. 

Modulus of elasticity in tension is 28 500 000 to 30 000 000 lb per sq in. Experiments 
with nickd and vanadium steel and other alloys for rope wire have not been successful. 
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Tabls 8. Ult&Bate Tanaile Strengtli of Rope Wire, lb per eq in 


Size of wire 

Charcoal iron 

Crucible steel 

Plow steel 

No 6 to No 8 

80 000 to 

85 000 

120 000 to 160 000 

200 000 to 240 000 

No 9 to No 16 

85 000 “ 

95 000 

130 000 " 180 000 

220 000 “ 280000 

No 16 to No 18 

95 000 •• 

98 000 

150 000 “ 190 000 

240 000 '* 300 000 

No 18 and finer 

98 000 " 

IIS 000 

180 000 " 200 000 

260 000 " 320 000 


Stmctore, or number and arrangement of wirea in a rope, depends upon use for which 
it is intended. It is usually, designated numerically by stating ntimbw of strands and 
number of wires per strand. Thus, 6-strand rope with 19 wires per strand is called a 
6 X 19 rope, and one with 6 strands of 7 wires per strand, a 6 X 7 rope. Except for 
special purposes, the strands of all hoisting and running ropes are laid around a hemp cobb, 
which absorbs and holds lubricant, and acts as a yielding cushion in which the strands may 
embed, thus preventing frictionai wear when bending on sheaves and drums. The hemp 
center adds no appreciable strength. Ropes with a wire center are suitable only for 
standing ropes, lacking the flexibility necessary for hoisting or running ropes. Wire 

core adds about 10% to wt-and cost, but 
■g fc less than 10% to strength. Obdxhabt 
TYPE comprises 6 strands of either 7 or 19 
wires, with hemp center. In 6 X 7 rope 
strand has 6 wires twisted around 1 
wire (Fig 26). In 6 X 19 rope each struid 
Pig 27 has 12 wires around 6 wires around 1 wire 
(Fig 25). A modiflcation known as "three- 
size wire," or Wabrinoton btrano, has the 7 inside wires of one size, the outer 12 being 
alternately larger and smaller (Fig 27). This increases area of metal and strength about 
10%. For same diain of rope, the 6X7 has wires of about 64% greater diam than the 
6 X 19, and hence better withstands surface wear; but is less flexible, requiring larger 
sheaves and drums. Thus, 6X7 rope is used for slopes and inclined planes, where 
surface wear is great; 6 X 19 is best for vert shafts, and wherever flexibility is 
important. A 6 X 16 two-size wire rope is often used on slopes, as it wears better 
than a 6 X 19 and is more flexible than a 6 X 7. Twist or lay of the strands in 
a rope may be either right- or left-hand, right-hand lay being standard (Fig 28); Fig 29 
shows left-hand lay. Ordinary lay rope has the strand wires twisted in opposite 



Fig 25 Fig 26 



Fig 28 Fig 29 Fig 30 


direction to twist of strands in the rope. In a Lang i.ay (sometimes called "Albert" lay) 
the strand wires are twisted in same direction as the strands (Fig 30), giving larger area 
to resist wear than ordinary lay rope. The latter is more elastic and resists shocks better, 
does not tend to imtwist so much as Lang lay, and is preferable for hoisting with buckets, 
where sphoning is objectionable. (A rope which no longer spins is termed "drad.") With 
Lang lay a broken wire may project farther and do more damage than in ordinary lay, but 



(a) (6) (e) ((f) (e> 

Fig 31. Special F(ri&s of Wire Rope 


the rope is more easily inspected for internal wear and corrosion. Length of lay (pitch 
of helix) of wires in a strand is 8 to 12 times the diam of strand; lay of strands is 7 to 9 
times the rope diam. Long-lay rope wears better than short-lay, but short-lay is more 
flexible and elastic, and broken wires can not project so far. In 6 X 7 rope the diam of 
Individual wires is 1/9 diam of rope; in 6 X 12 and 6 X 19 rope the diam of individual 













WIRE ROPES 


12-21 


wires sverage Vli and */«, teapectivdy, of rope diam. This is for new rope; after use. 
the tope wears smaller, and strands pack into the core, so that the ratio is increased. 

Special ropes. Extba fuixibub, 8 atrsnda of 10 wires, with hemp eore (Fig 31, a). Spbcial 
njBXiBU, 6 strands of 37 wires, with hemp core, for use on small drums and sheaves (Fig 31, b); 
also 6 strands of 12 wires (Fig 31, e). Tuxaa aopx, 6 strands, each being a complete 6X7 hemp- 
oenter rope; for use where extreme fleiibility is neoessary and where there is but little abrasion. 
SrxBi, HAWSBB. 6 strands, of 12 wires in a single layer about a hemp center (Fig 81, d); ueually 
galvanised, and suitable only for standing rope or tow lines, 

Saau VA\ rope (Fig 31, «), 0 or 8 strands of 10 wires, each hav 
ing an outer layer of 0 wires, about an inner layer of 0 smaller 
wires, about 1 oentral wire; wears well, and is intermediate in 
flexibility between 6X7 and 6 X 10 standard rope. Fi.attxnxo- 
btBamo ropes are of two forms: one has 6 strands about a hemp 
core, each strand having 1 oval center wire, surroimded by 8 
wires (Fig 32, c), or 2 layers aggregating 27 wires (Fig 32, a), the 
outer wires b^ng the larger; the oval wire is sometimes replaced 
by 3 small wires. The other forma in Fig 32 have 6 strands, 
each oompceed of a central triangular wire, surrounded by 7 
wires (d), or an outer layer of 12 wires, on an inner layer of 12 
smaller wires (6). These ropes are as flexible as 6 X 7 and 6 X 10 
standard rope of same diam. The center or “form” wires in the 
strands are of soft metal, and no account is taken of their 
strength. The shape of these strands exposes a larger wearing 
surface than the ordinary lay, with probable increase in dura¬ 
bility. Flattened-strand ropes are always Lang lay, and about 
equal in strength to standard rope of same quality of wire. 

Flat ropei have been used to some extent for equalising load in deep shafts (Art 2), but few are 
now in service. They consist of a number of 4-strand, 7-wire round ropes, without cores, side by 
side, and sewed together with soft iron wire. Ratio of width to thickness depends ohiefly on number 
of component round ropes. The latter are alternately right and left lay, to counteract tendency to 
twist. The lay of their strand wires, and of the strands themselves, is longer than in standard 
round rope. Flat ropes are usually ripped apart, cleaned, and re-sewed 1 to 4 tiroes before being 
discarded; records at a mine in Montana show 3 to 4 re-sewings in a total life of 2 years. 



(a) (« 



(c) id) 

Fig 32, Flattened-strand 
Wire Ropes 






Fig 33. Looked Coil Track Cable 


Fig 34. Locked Cm] HoisUng Rope 


Locked-coil rope (Fig 33, 34) has no strands, the specially shaped wires being in layers, having 
alternately opposite lays, about a wire core. The rope in Fig 34 has the larger number of wires, 
of smaller gage; hence more flexible than that in Fig 33. The surface wires interlock, so that if 
one breaks its ends can not project. But, when outer wires are worn slightly smaller by abrasion, 
broken ends begin to project, and the rope is rapidly destroyed. Entire surface of the rope is avail¬ 
able for resisting wear. Inspection of condition of interior wires is practically impossible. These 
ropes are not suitable where exposed to action of acid mine water, and have rarely been employed 
for shaft hoisting in the U 8; chief use is for track cables of aerial tramways (Sec 26). In So African 
shafts they sometimes serve ns guide ropes. 

Taper ropea, formerly used to some extent in Europe and ^o Africa, are now rare. In the U S 
a few have been employed in drilling deep bore holes: none for shaft hoisting. There are two forms: 
in one the rope has same number of wires throughout, the taper being effected by brasing on wires 
of smaller diam, no two brases coming at same point; in the other, one or more wires at a time are 
cut off, at regular distanoes. , 


Preformed wire rope (16,16) consists of preformed strands. Advantages claimed are; resisianct 
to kinking, no spinning, broken wires lie flat, ease of splicing (as it will not untwist), and use ol 
orocessed fittings, small initial stresses in the rope. John A. Roebling’s Sons claim no material 
increase in strength for their preformed rope. 

Teats of rope wire are for tensile strength, per cent of elongation at rupture, torsion 

and flexure. Bending of a wire 
through 90°, and back to original 
position, around a radius equal to 
diam of the wire is considered one 
flexure. U S Govt specifications 
give following test for torsion (13): 
Steel wire when uncoated shaK 


Material 

Min number 360° turns 

Cast steel. 

2.6i 

Z. 4 i ( diam of 

2.21 X wire, in 

2.0> 

strong steel. 

Plow steel... 

Extra plow steel. 
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not break when one end ia held and the other rotated the number of complete 360** 
turns stated in table. Distance between jaws of testing machine, 8 in. For impor¬ 
tance of fatigue and wearing teste see (12), and Boomsliter (14) states that the ability 
of steel to withstand repeated stress decreases greatly when stress exceeds elastic limit. 
Adams (22) states that a high fatigue limit is not the most important property of hoist¬ 
ing rope wires, because they are destroyed by overstressing and wear. 

Strength of wire rope can not be taken as the sum of strengths of individusil wires, 
because of their angular position with respect to rope’s axis, and difficulty of making 
*be rope and attaching fastenings so that each wire will take its proportionate load. In 
standard round rope each wire at some point m4kes an angle of about 28° with the rope’s 
axis, so that the useful strength of the wire is its actual strength multiplied by cos 28°, or 
0.883. Strength of the rope is therefore about 88% of aggregate strength of the wires. 
Tests by U S Govt indicate that ultimate strength of 6 X 7 rope is 90 to 92%, and of 6 X 19 
rope 80 to 85%, of ultimate strength of the wires. Tables 4 and 5 (American Cable Co) 
give wt, approx breaking strength, list price and minimum sheave diam for 6X7 and 
6 X 19 standard ropes (1932). Data from John A. Roebling’s Sons are approx the same, 
with tiigbt difierences in prices. 


Table 4. List Prices per Foot of Hoisting Rope with 6 Strands of 19 Wires, 
American Cable Co, 1932 


Diam 

Coat 

steel 

Mild 

plow 

eteel 

Plow 

steel 

Improved 

plow 

steel 

Approx 
wt per 
ft, lb 

Approx strength, ton of 2 000 lb 

Cast 

steel 

Mild 

plow 

steel 

Plow 

steel 

Improved 

plow 

steel 

mm 

82 10 

82 55 

83.00 

83.45 

12.10 

212. 

234. 

256. 

294. 

m >S 

1.75 

2.10 

2.50 

2.80 

10. 

176. 

195. 

214. 

246. 


1.44 

I 70 

2.00 

2.50 

8.10 

144. 

160. 

176. 

202. 

m n 

1.30 

1.52 

1.79 

2 15 


128. 

143. 

157. 

181. 

2 

1.16 

1.34 

1.58 

1.85 

■3C1 

114. 

127. 

140. 

161. 

17/8 

1.02 

1.25 

1.46 

1.75 

5.63 

100. 

112. 

123. 

142. 

18/4 

.90 

1.10 

1.30 

1.60 

4.90 

88. 

98. 

108. 

124. 

16/8 

.77 

.94 

1.08 

1.30 

4.23 

76. 

85. 

94. 

108. 

11/2 

.66 

.80 

.93 

I.IO 

3.60 

65. 

72.5 

80.5 

92.5 

18/8 

.56 

.68 

.79 

.90 

3.03 

55. 

61.5 

68. 

78.5 

1 V4 

.46 

.56 

.65 

.75 

2.50 

46. 

51. 

56.5 

65. 

11/8 

.38 

.46 

.54 

.62 

2.03 

37. 

41.5 

46. 

53. 

1 

.31 

.37 

.43 

.50 

1.60 

29 5 

33. 

36.5 

42. 

7/8 

.25 

.29 

.341/2 

.39 

1.23 

22.8 

25.4 

28. 

32.2 

3/4 

. 201/2 

.24 

.28 

.31 

.90 

16.8 

18.7 


23.7 

6/8 

.15 3/4 

.18 

.21 

.221/2 

.63 

11.8 

13.1 

14.4 

16.6 

*/l6 

. 13 3/4 

.153/4 

.181/4 

. 19 

.51 

9.6 

10.6 

11.7 

13.5 

1/2 

.12 

.133/4 

.16 

.17 

.40 

7.7 

8.5 

9.4 

10.8 

7/16 

. 10 1/2 

.12 

. 14 

.151/2 

.31 

6. 

6.6 

7.3 

8.4 

8/8 

.09 J/2 

.11 

.13 

.141/2 

.23 

4.5 

5. 

5.5 

6.3 

6/16 


.103/4 

.121/4 

.131/2 

. 16 

3 2 

3.5 

3.9 

4.5 

1/4 


.•101/2 

. 12 

13 

. 10 

2 1 

2 3 

2.5 

2 9 


Note—For ralvanised rope, add 25% to list price; for rope with wire-strand center, add 10%; 
for independent wire center (.any construction), add 15%. 


Stresses in hoisting rope are due to dead load, accelerating force, starting factor for 
slack rope, friction and liending stresses, depending on sheave diam, kind of constructicn, 
kind and sise of wire. 

Dead-load stresses. Let W *= wt of 1 cage and empty car or 1 skip; w * wt of ore; 
Wr = wtof Irope; a » acceleration, ft per see per sec; F\ « accelerating force in ascend¬ 
ing rope; Ft » accelerating force in descending rope; g » acceleration due to gravity; 
then 

Dead-load stress W + W + Wr (16) 


Accelerating stress in ascending rope, Fi 
Accelerating str^-ss in descending rope. Ft 


(PT -f w -f W-r) 

-o 

g 

Wa 

g 


(17) 

(18) 


Boomsliter (14), Perry & Smith (23), Hogan (24), and others show that acceleration 
stresses in hoisting arc much larger than usually assumed, because the elastic properties 
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TaU« S. liKt Prices per Foot of HetiUge RopM erith 6 Strands of 7 Rllres, 

American Cable Co, 193S 


Diam, in 

Iron 

Caetateei 

Mild 

plow ateel 

Plow steel 

Improved 
plow ateel 

11/2 

$0.51 

$0.60 

$0.75 

$0.90 

$1.05 

18/8 

.43 

' .51 

.64 

.76 

.88 

11/4 

.36 

.43 

.53 

.62 

,72 

11/8 

.30 

.36 

.44 

.51 

.58 

1 

.24 

.29 

.35 

.41 

.48 

Vs 

.1«V2 

.23 

.27 

.321/2 

.37 

3/4 

.14 

.181/8 

.22 

.26 

. 281/2 

6/8 

.10 

.131/3 

.16 

. 19 

.20 Vs 

»/W 

.081/4 

.111/8 

.138/4 

.161/4 

.17 

1/8 

.061/2 

.09 


. 12 1/2 

M3 1/2 

Vl6 

,051/2 

.07 

.081/2 

.101/2 

.111/8 

8/8 

.041/2 

.05 8/4 

.063/4 

.08 

.083/4 

6/18 

.033/4 

.«41/2 

.051/2 

. 06 1/2 

.081/4 

9/32 

.031/4 

,041/4 

.051/4 

.061/4 

.071/2 

1/4 

... 

.04 

.05 

.06 

.07 


Approx StronRth, iti tons of 2 000 Ib 


Diam, in 

Approx wt 
per ft, lb 

Iron 

Cast steel 

Mild 

plow steel 

Plow ateel 

Improved 
plow steel 

1 1/2 

3.36 

29.7 

62.5 

68,7 

75. 

66.5 

13/8 

2.84 

25.2 

53. 

58.2 

63.5 

73.5 

11/4 

2.34 

21. 

44 5 

48.7 

53. 

61. 

1 1/8 

1.90 

17.2 

36.4 

40. 

43.6 

50. 

I 

1.50 

13.7 

29. 

31.9 

34.6 

40. 

Vi 

1.15 

10 5 

22.4 

24.6 

26.8 

30.8 

8/4 

.64 

7.86 

16.5 

18.1 

19.8 

22.8 

6/8 

.59 

5.52 

11.5 

12.6 

13.8 

16. 

8/16 

.48 

4.49 

9.4 

10.3 

11.3 

13. 

1/2 

.38 

3.57 

7.5 

8.2 

9. 

10.3 

Via 

.29 

2.76 

5.8 

6.3 

6.9 

7.9 

8/8 

,21 

2.05 

4.3 

4.7 

5.15 

5.9 

6/10 

. 15 

1.43 

3.1 

3.35 

3.65 

4.2 

8/32 

.12 

1.17 

2.52 

2.72 

2.95 

3.4 

1/4 

.094 


2. 

2.15 

2.35 

2 7 


Note—See under Table 4. 


of rope introduce considerable periodic acceleration stresses. Boomsliter gives followiitg 
formulas; _ 

^ (.n.,) - W [l +1 + t <>“ +Jj] (IB, 

S (max) greatest stress in rope when upper part is uniformly accelerated; m « ratio 
of slack or stretch in rope to its stretch under wt of cage; W, a and g, as aix>ve. If no 
stretch or slack is assumed, then 

S max (20) 


Compensation for slack rope by the use of springs is of little value. Following dynamometer 
tests show effect of slack; total length of rope below sheave not stated. 


(n 

Aver 

(2) Cage and 

Aver 

(3) Cage and 

Aver 

Empty cage, 4 000 Ib 

lb ■ 

4 empty cars, 6 375 lb 

lb 

loaded care, 11 300 lb 

lb 

Lifted gently. 

4 030 

Lifted gently. 

6 725 

Lifted gently. 

II 400 

" with 2.5 in slack 

5 600 

“ with 3 in slack 

II 200 

“ with 3 in slack 

19 025 

“ “ 6in “ 

8 950 

•• 6 m " 

12 250 

“ “ 6 in '• 

24 600 

.. .. ,2in “ 

17 300 

.. .. ,2in •• 

15 675 

“ “ 9 in “ 

26 850 


Banding atreas. Its effect and amount is a controversial question, on which authorities 
differ (12, 17). Practice tends to ae large sheaves and drums sts possible. With ample 
safety factor, the computed bending stresses and other more or loss indeterminate factors 



































12-24 HOISTING PLANT, SHAFT POCKETS AND OKE BINS 

are often disregarded. Beaaons for unoertunty respecting bending stresses are: differ* 
enoes of opinion as to whetber modulus of elasticity of the rope or of the wire diould be 
used (alAough that of the rope is generally couched to be correct): and doubt as to 
correctness of published data on moduli. Assuming that the moduliu of elasticity of the 
rope should be used, and that published values are correct, then bending stress is expressed 
by: S "• Esid i>), in whi^ S » stress in wires due to bending, lb per sq in; Eb ■■ 
modulus of elasticity of rope; d ■> diam of largest wire, in; D ■> diam of bend over sheave 
or drum on center line of rope, in. If A be aggri«ate area ot wires (sq in), and Sg bending 
stress in rope (lb), then for any rope the total bending stress is: 

Sa~EBX(.dA+ D). (21) 

TaUe 6 gives values of A for standard 6X7 and 6 X 10 rope. American Steel uid Wire 
Co give Er as 12 000 000 maximum for new 6-strand rope. Various authorities give 
Eg » 36% of the modulus of elasticity of steel wire » 10 150 000. According to A. W. 
Brown (18), 11 180 000 is a good aver of Eg for the entire rope, after it has been in use 
long enough for the strands to bed into the core; 19 000 OOO being modulus for old rope. 
Boomsliter (14) states that stressing wire rope to 2/3 of the ultimate strength results in 
modulus reaching values between 14 000 000 and 18 000 000. 

Table 6 . Approximate Diameters and Areas of Wht in '^re Rope 


Diun of 
rope* in 

6X19 hoisting rope 

6x7 haulage rope 

Diam of 
wire « 

15.52**" 
of rope, in 

Ares of 

1 wire, 
sq in 

Aggregate 
area of 
wires, sq in 

Diam of 

1 

wire «■- 
9 

diam of 
rope, in 

Area of 

1 wire, 
sq in 

Aggregate 
area of 
wiree, sq in 

</8 

0.0241 

0 00045 

0.0513 

■m 

0.00132 

0.0554 

V* 

0.0320 

0.00080 

0.0912 


0.00237 

0.0995 

*/W 

0.0360 

0.00102 



0.00302 

0.1268 

Vs 


0.00128 



0.00374 

0.1571 

V4 


0.00181 



0.00541 

0.2272 

Vs 

0.0564 

0.00250 



0.00739 


1 

0.0644 

0.00325 

0.3705 

0. Ill 

0.00968 


■ Vs 


0.00407 

0.4640 

0. 125 

0 01227 


1 V4 

0.0805 

0.00509 

0.5802 

0.139 

0.01517 


13/8 


0 00622 

0.7090 

0.153 

0.01838 


11/8 

0.0970 

0.00739 

0.8400 

0.167 

0.02190 

0.9198 

1 3/S 


0.00857 

0.9769 

. 



1 3/4 

0.1130 

0.01003 

1.1434 




2 

0.1290 

0.01307 

1.4900 

hhhh 

mHmHM 

NmhHI 


In Eq 21, A •= 42 X 0 2.'i wd*, and if dg *» diam of rope, then d dg + 9 for 6X7 
rope. Substituting, and taking Eg » 12 000 000 for 6 X 7 rope, Sg » 542 880 (jd^g + D). 

For 6 X 19 rope, A - 114 X 0.25 rd*, d - dg -i- 15.50 and Sg ■= 288 000 (d»g + D). 

For 6 X 37 rope, A - 222 X 0.25 vd», d - d/* + 21.7 and -Si* - 204 000 (d*j* + Z>). 

For 8 X 19 rope, Sg « 172 500 (d^g + D). 

Fig 35 (American Steel and Wire Co) shows bending stresses in 6 X 19 rope, as calcu¬ 
lated by above formulas. 

Frictional stresses F may be assumed as 1% of sum of dead load and acceleration 
stresses and are often neglected. 

Total rope stresses may now be expressed as follows, wl being wt of rope: 

P- -Sr-f [w+Tol + aX (22) 

Factor of safety. Past practice has been to use safety factor of 3.5 to 4 for hoisting 
ore and 6 for men, when stresses are determined as in £q 22. U S Bur of Mines (19) 
recommends a factor d6p.:inding on ixiNaTB of rope (Table 7). Mining Regulations of 
Transvaal require factor of 6, bending and accel stresses being disregarded, but Vaughan 
(1) recommends making exception to this for deep shafts, especially if “capacity factor" 
(breaking load of rope -r load at lower end of rope) is above 12. R. B. Greer (20) recom¬ 
mends a sliding-scale factor of .safety for depths exceeding 2 500 ft, since the elastiei^’ of a 
long rope in part compensates the stresses due to starting with slack rope, the wt of cage 
and contents and bending stresses being practically constant for all depths. Conference 
cm Wire Rope (21) brought out the fact that rope with a safety factor of 2.1 had a 6-month 
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life M agaimit 7 years with s 10.7 factor. It ie evident that the relation of safety factor 
to life of rope should be eeriouely conmdered. 

Rope design. Present praotioe is to determine values of W, a, and L for woricing 
conditions. Assume a rope size mid drum diam. Then from makers’ tables (or Tables 
4, 5) and Eq 21 determine wl and Sr. Apply 
these in Eq 22, and determine P, total stress 
in rope. Multiply by safet:^ factor required, 
and compare with ultimate strengths in tables, 
selecting rope of a strength nearest that cal¬ 
culated. With this size rope, recalculate bend¬ 
ing stress and wt of rope, and check result. 

There is no fixed economical ratio between 
bending stress and load. In shallow shafts, 
the bending stress may economically be 0.33 
to 0.40 of total rope stress; but in deep shafts 
such a ratio leaves too little of the rope's 
stoength for net load, after wt of rope is de¬ 
ducted. Boomsliter (14) recommends rope design based on the empirical formxila: 

S (max) - W (1.5 + 0.1 o) (23) 

Sxample. Assume wt of load W 21 600 lb; wt of 1 3/4-in rope wl ■■ 2 160 lb; acceleration 
a V 8 ft per sec per sec. Then, from Eq 23, S (max) • 21 600 (1.5 -f- 0.1 X 8) ~ 40 700 lb 

Friction (approx). 500 

Bending strees, 1 3/4.in rope on 8-ft sheave. 14 960 

Total strees. 65160 lb 

' 4 . 

With safety factor of 4, 260 640 lb is the ultimate strength of rope required; satisfied with a 13/4do 
extra strong plow-steel rope. Using Eq 22 and the same values: 

P - 14 960 + [21 600 -I- 2 160 + 8 J « 44 6601b. 

With safety factor of 4, the ultimate strength of rope required is 188 600 lb, a smaller figure than 
obtained from Eq 23. In view of evidence as to increased life of rope with large safety factor 
formula 23 should be seriously considered. 


Table 7. H<fiatisg Rope Safety Faeton 
for VatiouB Depths of Shaft 


Length of rope, 
ft 

Minimum 
factor, 
new rope 

Min factor 
when rope 
ie discarded 

500 or less. 

8 

6.4 

500 to 1 000. 

7 

5.8 

1 000 to 2 000 .... 

6 

5.0 

2 000 to 3 000.... 

5 

4.3 

3 000 and more... 

4 

3.6 



Cboico of rope requires knowledge of the working conditions. Sted is always better 
than wrought iron, and plow or extra crucible steel preferable to ordinary steel. For same 
strength, a plow-steei rope may be used on smaller sheaves than wrought-iron rope, and 
on sheaves of same diam as for ordinary steel rope. For the same ultimate strength, plow- 
steel rope costs 10 to 12% more than cast steel; while, for same wt, plow steel is stronger 
by from 10% for small sizes to 35% for the larger. Hence, for heavy loads and deep 
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■hafts, where rope wi is ■ largo part of total load, plow- or extra plow-sted rope should 
be used, bending stresses being the same for cast- and plow-steel rope of the same diam. 

For slopes, inclines, and rope haulage, 6X7 rope wears better than 6 X 19, and Lang 
lay is preferable for endless-rope haulage where oar grips are used. For vertical shafts, 
6 X 19 ordinary lay is standard U S practice. In shafts where men are hoisted it is 
psyohologicaliy desirable to use rope not smaller than hi, regardless of the actual 
strength required. ^ 

Ropes of special construction (Fig 31,32) are rarely used for mine hoisting in the U 8, thouidi 
present practice seems to tend toward round, preformed rope. Fiat rope is obeoiescent here, 
although retained where original reel hoists are in operation. In Butte District, Mont, 9 out of 24 
hoists listed (34) use flat rope. Present tendency in the Transvaal is towards ordinary round rope 
(30). In England the tendency in 1922 was to replace Lang-lay rope by flattened-strand or 
looked-coil (32). 

Wear and durabilit; of rope depend upon diam of sheaves and drums, sjieed, conditions 
causing wear or abrasion of the outside wires, and conditions causing corrosion. These 
qualities are practically independent of the load, so long as it is within elastic limit of the 
wires. Large diam of drum and sheave increases life of rope; when too small, the rope's 
outer wires break sooner. High speed causes rapid wear; excessive vibration causes 
fatigue and crystallization of the steel. If sheaves have rough grooves, and if fleet angle 
is large, wear on surface wires is severe, due to chafing of the rope on sheave flanges and 
between the rope coils on ungrooved drums. Internal wear and corrosion depend upon 
efficiency of lubrication, and whether the mine water is acid. In dry shafts, if rope is well 
lubricated, and sheaves and drum are of proper size, corrosion and wear of interior wires is 
negligible. In wet shafts, where water is acid, corrosion of wires determines the rope’s life. 

Rope life may also be increased (24, 30) by: (a> using electric hoisting engines, with 
Ward-Leonard control (Art 13), to insure smooth acceleration and retardation with conse¬ 
quent small increase in kinetic stress; (b) having braking electrically controlled and 
mechanically governed, to minimize stresses. 

Precautions should be taken to prevent abrasion and reverse bonds. Plow steel resists abrasion, 
fatigus and severe shocks better than the lower grades of cast steel, and is always best for heavy 
service or where great strength is necessary, as in deep shafts. Deflecting sheaves and rollers on 
slopes and haulage ways should be properly alined, free running and as light in wt as is consistent 
with strength. Soft rubber makes good wearing surface for rollers. Diam of turn-sheaves and 
rollers should be at least: 0.8 X deflection angle X diam of rope (19). 

Summary of work of 22 hoisting ropes, each 1 3/g-in diam, at Robinson Deep Gold mine, 
Transvaal; 19 of the 22 ropes were 6 X 10 Lang lay. Diam of wires, from 0.072 to 0.125 in; aggre¬ 
gate area, 0.6807 to 0.735 sq in; tensile strength of wires, 235 200 to 280 000 lb per sq in, average 
259 500 lb. Average aggregate strength of wires was in all cases greater than makers' guarantee, 
average excess being 7.2%. Initial sMety factors ranged from 6.35 to 11.2, aver 8.15. Ropes were 
discarded when factor fell below 6. Weights, from 2.84 to 3.16 lb per ft. After 6 months’ use 
reduction in breaking strength, from initial aggregate strength of wires, varied from 9.3 to 33.5%. 
WoBKiKO Liru ranged from 139 to 706 days; work in ft-tons, from 341 058 780 to 1 551 805 722; 
distance run, 13 702 to 80 860 miles. Lowest cost per ft-ton, 0.(K)008244, was with a medium priced 
rope. The 2 ropes showing bbortsst ufx were identical, each Lang lay, 6 X 19; 2 diams of wire 
were used in the strands, 0.114 and 0.076 in; tensile strength of wires, 257 600 lb per sq in; safety 
factor, 11.2. Work done by eaoh rope was 479 297 244 ft-tons; distance run, 21 700 miles; cost 
per ft-ton, 0.0001708^. Dxst rzKroRMANcx was by a rope not included in the above. This was a 
6 X 19 Lang lay, all wires being 0.004 in diam, with total area of 0.7912 sq in. Tensile strength of 
wires, 274 000 lb per sq in; reduction of initial strength after 6 months was 35%. Initial safety 
factor, 7.08. At end of 357 days the work done was 1 669 935 634 ft-tons; distance traveled, 57 4.88 
miles; east per ft-ton, 0.000073^. Low«t cost per ft-ton is apparently obtained from a high-eLua 
heavy rope, carrying a heavy load and working steadily (25). 

Hoisting rope practice and care. Much information regarding care and use of ropes is 
given by Kudlich, Hood, and others (17, 19, 25). Avoid kinking or nicking the wires dur¬ 
ing installation and use. Frequent inspection is essential. Where men are hoisted, a brief 
inspection should be made duly, and a thorough inspection weekly. If the rope socket or 
capping is attached directly to cage, and landing chairs are used, the rope close to the socket 
will often first show wear • < broken wires, because slack rope may cause sharp bends at that 
point. When this occurs, a few feet of rope should be cut off at regular periods, and a new 
socket joint made. If there is enough headroom, a few feet of chain between rope socket 
and cage draw-bar is advantage<'>us, and in some cases required by law. Changing the rope 
end for end, at the expiration of half its useful life, is also recommended, so that if wear 
occurs at any particular point, it will be distributed over a greater length of rope. 

Lubrication must be efficient, to prevent wear and corrosion of wires and to minimize 
surface abrasion. In severe service proper hibrioation will lengthen a rope life's 75 to 
100% (26, 27, 28, 29). The oore should never be allowed to become dry enough to absorb 
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nuHBture. A good lubricant should be ohemically neutral, and of such character and 
oonststeney that it will penetrate the strands to the core; it should not run nor drip off, 
nor be so thick and sticky as to form lumps on the rope or in sheave grooves. Some lubri¬ 
cants, apparently good at first, soon harden and flake off, especially in cold climates. Raw 
linseed oil is good, but runs off easily. More body is given by adding lampUack or fino 
flake graphite. Mixtures of pine tar and tallow, or coal tar with slaked lime to neutralise 
add, are sometimes used. But all tar mixtures are objectionable, because in cold climates 
they do not penetrate the rope for lubricating interior wires, and tend to form a hard, 
gummy coating, likely to strip off. Petroleum jelly or vaseline mixed with fine flake 
graphite and applied hot is good. Rope makers have rope dressings for different condi¬ 
tions. Lubricant should be applied at intervals of say 1 to 3 weeks, depending on oon- 
ditions; the rope being first cleaned of dirt and gummed lubricant, by pmwing it through a 
bath of hot kerosene and scrubbing with stiff-wire brushes (Fig 35a). 




Automatic oiler for hoisting rope Oiler for endless rope haulage 

Armour No. 2 Mine, Crosby, Minn Transvaal, So Africa 

Fig 36a. Lubricating Devices for Wire Rope (37) 

Splices are not permitted in hoisting ropes used for raising or lowering men; but for 
haulage, aerial tramway, and power transmission rope, splices may be made practically 
as strong as the rest of the rope (Fig 36). 

For running rope, the splice should be at least 20 ft long for 0.6'in rope, inereasing to 30 or 40 ft 
for 1.25 and 1.6-in rope. Tools required are: hammer and sharp cold-chisel, pair of strong nippers, 
steel marlin spike, 2 rope clamps (or small hemp rope slings with sticks. Fig 30, e), a knife and a pair of 
2-lb copper or lead mallets. A bench vise is convenient. To splice (Fig 30): 1. Overlap the rope 
20 ft or more, and mark center of lap on each end with string or chalk (a). 2. Unlay each end to 

center mark, and cut oil hemp core (6). 3. Interlock the 0 unlaid strands of each end alternately, 

and draw together until omter marks meet (e). 4. Unlay a strand A from one end, and follow it 
oloeely with opposite etrand 1 of other end, laying it into the groove left open by A, and proceeding 
thus until all but 12 in of strand t are laid in (c); then cut off A an equal length and tie the etrands 
temporarily in place. 6. Treat similarly strand 4 and D, and so on for each pair of opposite strands, 
stopping each pair about 1/5 of the length of splice short of the preceding pair (ri). 6. llend the rope 

Imck and forth until all strands are set in place and have equal tension. 7. Wrap ends of strands 
with friction tape, or stripe of sheet lead, and straighten them. 8. With the vise and clampe, un- 
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twiat and open the rope at one atrand of the end pair; eat the hemp core at the oent^t draw 
it out slowly and follow it up with the strand until the latter oeoupiee the center (/). Cut off eore 
at end of thia strand. Tuek in the other strand of the pair, being careful that their ends do not 



Fig 30. Splicing Wire Rope 


cross each other. 9. Twist the clamps back to dose up the rope, and hammer the strands with 
the mallet to fix them firmly in place. 10. Shift the clamps and repeat operation at the other S 
pairs of ends, and the splice is complete. 

Rope futeaings to cage or skip should develop as nearly as possible the rope's full 
strength. The attachment is by means of a coned socket (Fig 38, 39), or the rope may 

bo bent back on itself to form an eye containing a 
thimble, the loose end being fastened by clips or 
clamps (Fig 37). The coned socket, when properly 
made, develops full strength of rope, but has 4 
disadvantages: considerable skill is required, poor 
Osp^nglnps workmanship is concealed, condition of wires in 

socket can not be inspected, and bending due to 
slack rope is concentrated just above the socket. 


Fig 37. Correct Method of Capping Wire 38. Closed Fig 39. 

Ropos (.Trant A I M El Coned Socket Open Coned Sooket 





Fastening by clips can always be inspected and requires little sldll in making, but gives at most 
only 85% of strength of rope, and often damagee'Tope at points where clips are applied. Rope maken 
recommend socket fastening; if properly made it never fails. Special forged or cast-steel thimbles 
or eyM, instead of usual pressed steel, should always be used for clip attachment of hoisting ropes. 

Coned socket is of 2 typee, closed (Fig 38) and open (Fig 39). They should be of bestW-'*. or 
eted forgings, without wclda, and accurately bored. 

Details of attaching ropes. Bureau of Mines recommends following methods (23). Comm 
sockbt: The rope is securely seised at end with soft iron wire, before end of rope is out square; with 
another seising a distance back equal to length of socket from the end. After rope is trimmed off, 
the end seising is removed, the rope opened down to second seisiifg, hemp center cut out and wirea 

broomed out; that is, they should be untwisted but 
not straightened. Then the wires are thoroughly 
cleaned in bensene or gasolene, as far as they are to be 
inserted in socket, and dipped in commeroial H^SOi for 
30-60 see, to dean the wires. Next, the rope end 
is dipped in boiling water, containing a little soda to 
neutratise the acid. Rope end is then inserted in sooket 
and warmed, if temp is below 65" F, to prevent coding 
the sine-filling too rapidly. Finally, the socket is placed 
with its axis vert and coinciding with axis of rope, the 
bottom is sealed with day or putty, and mdten sine or 
epdter, heated to a temp that will just ohar wood, is 













DATA FOR CALCULATING HOISTING-DUTY CYCLE 12-29 


pound into tlwaoolwt until full. Ci,A.ur ATtAcauwmTi The rope k bent book over the thimble, 
nud looee end elnmped with proper number of elipe. Croeby type of U-bolt>end<drop4orginc 
<dip ia meet entisfeotory. Clipe ve spneed a dietanoe equal to 6 times the rope diam, tiie forgins 
beinK against long end and the U-b<dt against loose end of rope. Num¬ 
ber of dips to develop approa 80% efiSo of the rope, and proper length 
«f wrench to tighten bolts, are given in above taUe. Clips must be 
carefully inspected each day, and tightened if they show signs loosen¬ 
ing by stretching of the rope. 

Wka rope clamps, for attaching bridle or safety chains to rope, abovu 
socket, are mon commonly used at coal than at metal mines: laws of 
most coal districts nquire them. Vulcan Iron Works makes the damps 
shown in Fig 40. They are usually of oast steel, but forgings are better. 

They are grooved to fit the rope doseiy, and the bolts should be finally 
tightened after the rope is under tension. Tests on such damps show 
the ultimate strength against slipping to be about 10 000 Ib per sq in 
of area of the bolts. 


8. DATA FOR CALCULATING HOISTING-DUTY 
CYCLE (3, 33, 35) 

(1) Weight and kind of material per trip. 40 . Rope Clamps for 

(2) Wt. of cage or skip (plus man-cage if used), cam hoisted Bridle Chains 
per trip and weight of car. 

(3) Diam and wt of rope (Art 7). 

(4) Max tonnage per hr and per shift; number of hr per hoisting shift and number of 
shifts per day. Approx distribution of tonnage between levels. 

(5) To select rope speed, determine the max number of trips per hr required from stated 
level, also time for loading and dumping. If a cage hoist, statd whether the cage is landed 
at collar and car run off, or car is dumped by a self-dumping platform cage. 

( 6 ) Is the "dack-rope system” of hoisting used (Art 1)? If so, give length of slack and 
working details. 

(7) Present and ultimate length of travel from loading levels to the dump or to uncaging 
position. Estimated time before shaft will be sunk deeper. 

( 8 ) Shallowest and deepest levels, that is, length of travel as in (7), from which hoist 
may 1 ^ required to operate at full load for an hour or more consecutively. 

(9) If shaft is inclined, give angle of inclination with horis, or per cent grade. If it 
varies, give inclination and length of each stretch. Per cent grade is generally taken as: 
vert rise + length along incline. 

(10) Is hoist balanced or unbalanced? If normally balanced, when will operation be 
necessary with cages out of balance? Can rope spe^ or load, or both, be reduced for 
unbalanced operation if desirable? Number of unbalanced trips required in succession? 

(11) To what extent and for what reasons will partial speed operation be necessary? 
At what loads and speeds? Duration and frequency of such operation. 

(12) Will men be handled? If so, at what speed? Always in balance or sometimes out 
of balance? 

(13) Double or mngle drum, fixed or clutched? 

(14) Diam of drums. Width of face or number of layers of rope? If not cylindrical, 
fumi^ sketch of drums, with working diameters and niunber of active rope turns on each 
part of drum. If reel, give minimum working diam and thickness of rope. 

(15) If on existing hoist, give WR* (Fig 16) of dr\uhs, or equivalent wt at a stated 
radius. If a new hoist, state makers' name, or give WR*. 

(16) Is motor or engine geared or direct connected to drum? If geared, how many 

reductions? * 

(17) For elec drive, state voltage, frequency and number of phases of supply. 

(18) Capacity and character of generating station or system. 

(19) Is flywheel equalization required, and for what reason? If power is purchased, 
obtain a copy of all clauses of proposed contract covering reservation and kw-hr 
charges. 

( 20 ) If hoist is to be installed underground, give dimensions and wt of largest piece 
that can be lowered in mine shaft and drifts. 

( 21 ) Is location dry, damp, or wet? 

( 22 ) If above 3 000 ft elev, give altitude of hoist house above sea level. 

(23) If an old hoist is to ^ electrified, give full details; also drawings or sketches of 
hoist, and photographs if possible. 

(24) If overwind protection is contemplated, state max rope travel above top landing 
or dump before damage can occur. 




12-30 HOISTINQ PLAIT, SHAFT POCKETS AND ORE BINS 



































































CYLINDRICAL DRUM HOIST 12~3i 


(25) Give full information as to local conditions, and unusual requiremmts or details 
not covered by the foregoing. 


9. CYLINDRICAL DRUM HOIST 


A typical load diagram for hoisting in balance with cylindrical drums is shown in 
Fig 40a. For the power components, see Table 8 , the symbols corresponding with those 



Fig 40a. Load Diagram for Cylindrical Drums and Balanced Iloisting. Horis broken line at A 
shows aver motor torque required during acceleration and retardation (Gen £leo Co) 


in Fig 40a. The resultant power values for each point of the diagram are obtained by 
combining the components listed in Table 8 as follows: 

(4) + 2 V ('ll 

Hp at A - (1) + (7) + Hp at F - (4) + (7); Hp at C - ( 5 ) + (7); 

Hp at 2> (2) + (7) + - ^; (2) is aiwasrs negative, and (7) always positive. 


If D is negative, motor or brakes must absorb power during retardation. If D is posi¬ 
tive, motor must deliver power during retardation. Power requirements during retarda¬ 
tion may be positive, negative, or zero, depending on relative values of dead load, inertia 
of moving parts, and time assigned for retardation. 

The above calculations may be checked as follows: 

a. Ratio of net work done during the lift (in hp seconds) to net work represented by the 

output duty cycle (in hp seconds) should equal the mechanical efficiency. 

b. The bp seconds for acceleration and retardation should be equal. 


List of Symbols in Table I: 


10 • wt of material handled, lb 

w’t •> wt of one skip (or cage and car), lb 
v>r «= wt of rope per side, lb 
tUn •« wt of rope per side wound on during 
accel = 0.5 — (»to X wt per ft) 
tob wt of rope per side wound on during 
retard = 0.5 (»16 X wt per ft) 

«0re " Wr + wt dead rope turns wt rope 
between drum and skip 
Wo •* equiv wt of revolving parts (for balanced 
or unbalanced operation, ns case may 
be), reduced to drum radius, including 
gears, drums with clutches, head- 
aheavee, but not including motor arma¬ 
ture (Fig 40a) 

W <" w + 2 i 0 * + 2wro + Wc tbalanced hoist¬ 
ing) 

fP' ■■ to -f- t 0 « + iBfo + (unbalanced hoiit- 
ing) 


V o max rope speed, ft per sec 

- 

, “ t - 0.5(to + lb) 

t •• time of one-way trip, excluding stops 

(found from hourly tonnage) »• — + 0.5 
(to + lb) * 

ta •* accelerating time, seconds 
It » full speed time, secouds 
tb time of retardation, seconds 
to “ time at rest 
L total travel of cage or skip» ft 
0 •>> angle of slope with horis 

£ ■> mechanism effic, expressed as a decimal, 

includes drums, gears, sheaves and 
guides for vert shaft, but not including 
rolling or rope friction on slope or 
inclined shaft 
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ESc of hating mochoniam, in per oent, is as follows: 

First motion Second motion Third motion 
« „ v) 0.95 w 0.90 w 

^ * w+kW'' “ w+kW" “ w+kW" 

where TF">b (to -|- 2tOt 4* v>r) sin ^ (for balanced vert and inclined shaft hoists) 

(w + + 0.5 Wr) sin ^ (for unbalanced vertical and inclined shaft hoists) 

» (w + 2u’a 4* Wr) sin 0 4 (v + 2w«) 0.02 cos 0 4 0.10 uv cos 0 (for balanced 
slope hoist) 

m (w 4 w>» 4 0.6 Wr) sin 0 4 (tc 4 *»*) 0.02 cos 0 4 0.05 Wr cos 0 (for un¬ 
balanced hoist). See notes under Table 8 
k ■> 0.05 for vert and inclined shaft hoists 
k » 0.04 for slope hoists 

Car or rolling friction. Recommended conservative figure for aver eonditiona is 2% 
or 40 lb per ton pressure normal to the track >8> actual wt X 0.02 cos 0. 

Rope friction is taken as 200 lb (10%) per ton of normal pressure. 


10. MOTOR CAPACITY 


Rating of the motor, usually determined by the “root mean square” (RMS) of the duty 
cycle, which represents the max continuous load requirements, is as follows, the letters 
eorresponding to those in Fig 40a, except that A and D include the hp required to accel¬ 
erate and retard the motor rotor. 


For indttctioa motor: RMS hp = 


For direct-current motor: RMShp 




/A* X fa 4 X f, 4 i>* X fft 

^4f.4^4^ 


(24) 


(25) 


Since the RMS of the duty cycle, which together with the overload requirements 
estabUshes the rating of the motor, can not be accurately worked out until the inertia of tiie 
armature (rotor) is known, it is customary to estimate this after a preliminary determina¬ 
tion of the motor rating, either by inspection of the cycle or from the RMS calculated 
with the armature effect omitted. It is impossible to dense any general rule by which 
the motor-rotor inertia can be accurately predetermined for every case, but in absence of 
actual values, the following is offered for estimating. 

Max hp required to accelerate motor rotor in 1 second: For induction motors and, 
geared d-c motors, hp •» 150% to 180% of normal rating. For direct coupled d-c motors, 
hp *= 80% to 125% of normal rating. In general, the lower values apply to lower speed 
motors and vice versa, but in individual cases these values may vary considerably from the 
actual. AVhen the IFR* of the armature is known the max hp to accelerate is: 

. TFR* X rpm« X 0.62 

“P 1 t\nf\ f\ru\ j \2u| 


t being time of acceleration in seconds. 


1 000 000 X f 


11. CONICAL DRUMS AND REELS 

Factors for computationa: 
tr » wt of material hoisted, lb 
tr« o wt of one skip (or cage and car), lb 
Wr wt of rope per ride, lb (Art 9) 

■■ wt of one head-sheave, lb (effective) 
n » smallest working radius of drum, ft 
rs w largest working radius of drum, ft 
Tya ** radius of up side at end of accel >■ n 4 pTa 
rja "• radius of down ride at end of accel r, — pTa 

■■ radius of up ride at beginning of retard » r, — pT^ 
rgb ■■ radius of down ride at beginning of retard n 4 pTh 
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p » radial pitch per rev, ft (for reelB >■ thiohneeB of flat rope) 

T "• total active turns on drum (one side) 

T« <■ revcdutiona during accri « 0.6ia X rps 

Tb "• revtflutionB during retard <■ 0.5tb X rpa 

7* — revolutions during full speed run »• r — (T# + Tb) 

WiMt “ wt of rope wound on during sccel « ir To (ri + rua) X lb per ft 

V)da ■■ wt of rope wound off during accel w (r» -f rjo) X lb per ft 

Wub wt of rope wound on during retard ^ v Tb (r* + r^) X lb per ft 

wdb wt of rope wound off during retard -r Tb (ri X lb per ft 

L total travel of cage and skip, ft 
rp» m, max drum speed in rev per sec -• T + (f — 0.6 (fa + tb) 

WRa of drums include gears (if any), but not motor armature 
Other aymbols have same significance as for cylindrical ^ms 



Fig 41. Component Momenta, Load Diagram (or Conical Drums and Reelii, plotted to Revolutions 

Load diagrams for conical drums and reels are readily calculated by the moment 
method. Formulas for component and resultant moments at different points in the 
cycle are given in TaUe 9, and moments are shown graphioally in Fig 41, 42, 43 (Gen Elec 
Co). The hp required at motor coupling is derived as follows from Fig 43, the numbers in 
small parentheses referring to Table 9, column 4: 

Hp at 4 - (d) 4- (7) + 1 . | X 

Hp at R - ((4) + (7)) X - 
Hp at C - ((6) 4- (7)) X ^ 

Hp at D - ((2) 4- (7) 4- — ) X 
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Conical-drum hoiate are rarely required to operate unbalanced, but from the formulae given 
iiTibalanred diaRraina may readily be calculated. The large and email working diametera of oonioal 
druma are uaually known (Art 2), and the number of rope tuma ia directly obtained from the aver 



Fir 41’ Resultant Moments, Load Diagram for Conical Drums and Reels; Balanced Operation 

plotted to Revolutions 

diam. For reels the minimum diam only is usually given. The mas diam and number of rope turns 
IS obtained from the equation: L = 2-r riT + ir p7^,.the letters L, ri and p having the significance 
previously indicated. 



Fig 43. Power Diagram for Conical Drums and Reels; Balanced Operation plotted to Time 

Clcneral equation for the rope moment at any revolution ^ of conical drums and reels 
is: 

Moment ■= (wr — 2Tr X wt per ft — irp X wt iier ft) X (rj + piA) 

Strict accuracy requires a correction in the results from the formulas in Table 9, to take 
care of acceleration and retardation due to changing drum radius after the drum itself 
reaches constant speed. For conical drums this effect is seldom important, because 
acceleration and retardation effects occur simultaneously and t^eir resultant is of small 
value. The correction would consist of a slight increase in value of the power required 
at A and B (Fig 43). 

Egample of load-cycle calculation for conical-drum hoist (3). Conditions assmned: 
Coal-mine hoist, vert shaft; output, 2 500 short ton per 8-hr day: 


Total lift . 410 ft 

Wt of self-dumping cage. 11 000 lb 

Wt of car (one car per cage). 3 000 lb 

Wt of coal per car. 6 (XX) lb (3 short ton) 

Size of rope . 1.6 in diam 

Wt of rope per side - (3.55 X 410). I 420 lb 

Working radii of diums, n -> 4 ft; rj 6 ft. 

TTie* of drums . 700 000 (ft-lb units) 

Wt of each head-sheave. 3 3(X) lb 

Number active turns of rope 410 •+• 9*-. 14.5 

Accelerating time chosen. 6 sec 

Retarding time chosen . 5 sec 

Assumed net operating time per shift. 7 hr 

Dumping and loading time per trip (rest period). 6 sec 
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The procedure is as follows (refer to Tables 8 and 9): 

.1, . • 2 600 

T"-..”°“°- 7x " 3X06 -. “ 

Time per trip ■= *®/2 -■. 30.0 sec 


Equivalent full-speed hoisting time « ( 30 - 6 -^).. 18.5 


sec 


Max drum speed = 14.6 -i- 18.5 = 0.784 rpa =■. 47.0 rpm 

6 -f- 5 ,® X 0.784 

y- - 13 sec Ta = - - - 

5-4 „ 5 X 0.784 

-77-.- « 0.069 ft. Tb “-r- 

14.0 2 


U - 18.6 - 


p — radial pitch ■■ 


2.35 rope turns 


1.96 rope turns 


T, - 14.5 - (2.36 -f 1.96) = 10.19 tope turns 
» 4 + 2.35 X 0.069 = 4.162 ft 

rrfa =- 5 - 2.3.1 X 0.069 = 4.838 ft 

rus - 5 - 1.96 X 0.069 = 4.865 ft 

rrfft = 4 -f- 1 96 X 0.069 = 4.135 ft 

= TT X 2.35 (4 + 4.162) X 3.56 - 214 lb 

wrfa =» IT X 2.35 (5 -f 4.838) X 3.55 = 258 lb 

u-«6 = IT X 1.96 (5 -f- 4.865) X 3.55 - 216 lb 

»» T X 1.96 (4 + 4.135) X 3.56 = 178 lb 


B - 


_ 0.95 X 6 000 _ 

6 000 -f 0.04 (6 000 -h 6 000 + 22 000 -f 1 420) 


76.0% 

(2nd motion) 


Calculation of momenta: 


u 


(6 000-f 3 

000 -f 11 000) 

X 

4 

MB 

80 000 ft-lb 

i2tii 

sa 


1420 

X 

4 


5 680 

1* 

D 

an 

(3 

000 -f 11 000) 

X 

5 

as 

70 000 

• • 

Ua 

= 

(6 000 -f- 3 

000+ 11 000) 

X 

4.162 

=■ 

83 240 

• < 

Rea 

= 


(1420 - 214) 

X 

4.162 

= 

5 019 

4» 

D„ 

» 

(3 

000 + 11 000) 

X 

4.838 

SB 

67 732 

44 

Rja 

a 


258 

X 

4.838 


1 248 

44 

Ub 

SOS 

(6 000 -f 3 

000+ 11 000) 

X 

4.865 

SS 

97 300 

44 

rmb 

» 


216 

X 

4.865 

= 

1 051 

44 

db 


(3 

000 + 11 000) 

X 

4.135 

• 

57 890 

44 

Tdb 

» 


(1 420 - 178) 

X 

4.135 

s« 

5 136 

• 4 

Ut 

as 

v6 000-f-3 

000+ 11 000) 

X 

5 

= 

100 000 

44 

dt 

K 

(3 

000 + 11 000) 

X 

4 

as 

56 000 

<4 

rn 

so 


1 420 

X 

4 


5 680 

44 

F 

- 

6 000 X — 

+ 5) (1 - 0.76) 

2 0.76 

- 

8500 

«4 


Down rope 


Acceleration moment “Am": 

Up load, up rope, and head sheave = ^ 

(6 000 + 3 000 + 11 000 -f 1 420 -f 3 300)2tr X iTl^ X 0.784 

32.2 X 6 

1 420 X e-(4» -I- 5») X 0.784 

32.2 X 6 . 

Down load and hea.i sheave 

(11 000 4- 3 000 -f 3 300)2 t X 5* X 0.784 
32.2 X 6 

70 0 000 X 2ir X 0-784 

32>2 X6 .*. ••••* 

Total ■■Am’’ - 40 643 ft-lb 


Drums and gears 


10 950 


743 


11 050 


17 900 
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Rctardatitara awmaftt **Bk**: 

Up load and head sheave i* 

(6 000 + 3 000 + 11 000 + 3 800)2x5* X 0.784 
32.2 X 5 

1 420 X ir(4» + 5») X 0.784 

- BTxi .. 

Down load, rope and head sheave ■■ , 

(11 000 + 3 000 + 1 420 + 3 300)2*- X Tl35 X 0.784 


Drums and gmre 


32.2 X 5 
700 000 X 2t X 0.784 


• 17 860 
«. • 892 

■> 9 800 


32.2 X 6 


Reaultant moments (see Table 9): 

( 1 ) - 
( 2 ) 


(3) - 80 000 + 5 680 - 70 000 

(4) - 83 240 + 6 019 - 67 732 - 1 248 - 19 279 

(5) - 97 300 + 1 051 - 67 890 - 6 136 - 35 325 

(6) - 100 000 - 56 000 - 6 680 

(7) - 


. - 21 500 

Total "Bu” - 50 042 IMb 

40 643 fUb 
50 042 
- 15 680 


38 320 * 
8 500 ‘ 


726 Hp 



Power diagram (Fig 44): 

- [40 643 + 8 600 + »«8°) ] x - 693 hp 

L ^ J ow 

Hp at "B" - [19 279 + 8 500] X - 249 hp 

OOU 

Hp at "C” - [35 326 + 8 600] X -- ^ - 393 hp 

550 

Hp .t -B” . [-60042 + 8 600 + 325 4-(2 X 38320)I ^ 201^ . 

L 3 J 560 
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Estimating iiie rma of this cycle by inspection to be 500 hp for induction-motor drive, 
and assuming the max power to accelerate the armature in one sec to be 1.6 times the 
assumed rating, the acckeration peak « 592 + 134 » 726 hp, and retardation peak « 
-38 - 160 --198hp. 


The rma 



6 + 


(W-H 393 ’+ 249 X 393) ^ ,3 3 

3 

«/2 + 13 + 6 /j + «/4 


486 hp 


Selecting a standard SOO-hp, 450-rpm motor and checking back, using the actual TTii* 
of its rotor, to accelerate requires 127 hp, to retard 152 hp, and the rma is 482 hp. The 
motor selected should be capable of operating continuouriy at the rma output, with a temp 
rise not exceeding 40** C. As full speed of drum is 47 rpm, single-reduction gearing will 
be suitable, for the motor speed selected. 

Applying the checks mentioned: 

.. 6 000 X 410 __ 

Net work done in shaft —--zr- =■ 4 473 hp-seo (o) 


Area under load diagram is computed as follows: 


Ratio (a) to (5) 
calculations. 


4 473 

5 584 


592 

2 

249 4- 393 


2 


X 6 
X 13 



1 776 

4 173 

5 949 (positive) 
—95 (negative) 

5 8.54 hp-sec (net) 


(b) 


» 0.76, which checks with the per cent mech efEo B, used in the 


12. CYLINDRO-CONICAL DRUMS 

The general formulas for conical drums and reels apply here, account being taken of 
the changing drum radii at different rope turns. The most effective mode of arranging the 
rope turns is to complete the drum acceleration while the rope is winding on the small- 
radius cylindrical portion; then climlnng the cone in the fewest number of turns (minimum 
being one turn per ft difference between largo and small radii), and winding remainder of 
rope on the large cylinder (see Mg 8). Both ropes may start on the smidl cylindrical 
portion, with only 1 or 2 turns between, and wind over the entire surface, finishing with 
both ropes on small cylinder at opposite end of drum. This requires a large motor, 
results in lower hoisting effic and its advantages are questionable. 

The force moments are as follows: 

Accelerating moments: bottom of cone — JP X ri; top of cone ■» F X rj. 

Retardation moments: top of cone -> X r%\ bottom of cone «■ X ri 
where F ■* {w + Wg + Wf + wh) X 2w fps (r* — ri) -s- 32.2< 
and F^ (te, + U'r + t»h) X (2ir i^) X (rj — n) + 32.24, 
where ri ■■ radius small cylinder (ft) r, -■ radius large cylinder; 
t « time during winding (or unwinding) on cone, sec; 

Wr » wt of rope hanging at bottom of cone + wt of rope wound on cone. Other 
symbols ha'.e meanings given at beginning of Art 11. 

Example of load-cycle calculations for cyiindro-conical drum (3). Following are oalculations 
for a hoist where conditions are the same as for the preceding conical-drum problem: 

Small diam. 8 ft Time for acceleration. 6 sec. 

Large diam. 10 ft Time for retardation. 6 see. 

.\otive turns on conical portion. 4 Tima at full speed. 13 see. 

WB* of drum. 800 000 ft-lb* 
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Fint d«tcriiii&e diatribtition ctf rope turns on drum: 

Let Z a rps of drum at full speed. 

S* X— ^ rope wound on durinc aeoderation. 

• 2 

&z 

lOir X ~ rope wound on during retardation.... 

2 

— ^ X »• X 4 -• rope wound on cone. 

2 

10v(13Z — 4) » rope wound on large cylinder during full speed. 

The sum of (l)i (2), (3), and (4) is 410 ft of rope, which gives Z «■ 0.75 rps * 46 rpm 


Turns on small cylinder 

« ■ 62<0:I5 _ 2 

Turns during retardation 

- To - 521^ . 1.88 turns 

Turns on large cylinder 

- n + 132 - 4 - 7.63 turns 

Total turns on drum 

- 13.88 


(Also note 13.88 4- 18.5 see « 0.75 rps) 

•E. 1 ^ 4 475 X 1 - 0.76 

Enernr lost in friction -- ■ 1 416 hp-seo 

0.76 

1 415 

Aver hp friction ■■ ——— 76,5 hp 

18.5 

76.5 

Aver hp friction torque ■" --rrir-rr " ® 

2v X 0.750 + 550 

Hp load - moment X ^ _ 0.00856 X AT 

550 


( 1 ) 

( 2 ) 

( 8 ) 

(4) 


Summation of moments: 


Time^eo. 

0 

6 

6 

HRfnii 


13.19 

No turns. 

0 

2.25 

2.25 



7.63 

Up load. 

80 000 

80 000 

80 000 

100 000 

100 000 

100 000 

Up rope. 

5 680 

4 880 

4 880 

4 150 

4 150 

3 400 

Friction..'.. 

8 900 

8 900 

8 900 

8 900 

8 900 

8 900 

Acceleration. 

39 950 

39 950 

2 670 

3 180 

.... 

.... 

Total (+) Jlf. 

134 530 

133 730 

96 350 

116 230 

113 050 

112 300 

Down load. 

70 000 

70 000 

70 000 

70 000 

70 000 

70 000 

Down rope. 

0 

1 225 

1 225 

3 400 

3 400 

4 150 

Retardation. 

« • ■ < 




• • • ■ 


Total (-) Af. 

70 000 

71 225 

71 225 

73 400 

73 400 

74 150 

Net Af. 

64 530 

62 505 

25 125 

42 830 

39 650 

38 150 

Horsepower. 

553 

535 

215 

366 

340 

327 

Time-sec. 

13.19 


18.53 

19 

19 

24 

No turns. 

7.63 


11.63 

12.01 

12.01 

13.88 

Up load. 

100 000 

too 000 

100 000 

100 000 

100 000 

100 000 

Up rope. 

3 400 

1 225 

1 225 

1 000 

1 000 

0 

Friction. 

8 900 

8 900 

8 900 

8 900 

8 900 

8900 

Acceleration. 


.... 

.... 

• . . . 


.... 

Total (.+ ) M . 

112 300 

110 125 

110 125 

109 900 

109 900 

108 900 

Down load. 


56 000 

56 000 

56 000 

56 000 

56 000 

Down rope. 


4 880 

4 880 

5 040 

5 040 

5 680 

Retardation. 


2 000 



49 730 

49 730 

Total (-) Af. 

76 600 

62 880 


61 040 


111 410 

Net Af...'. 

35 700 

47 245 


48 860 

-870 

-2510 

Horsepower. 

306 

405 

HDi 

418 

-7.5 

-21.5 


Fig 45 shows component and resultant moments, plotted against rev of drum, and Fig 46 is the 
power diagram, plotted from the values of hp and time calculated above. The rms value of this 
cycle is somewhat lees than that for the simide conical drum (Fig 44), and the overall effio of hoisting 
is greater, due to lower values of power required during acceleration and retardation. 
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Fic 45. CompoMBt mad ItMultBnt Moments. Cylindro-ooiiiesl Drum, Plotted to Revolutiow 

(Gen Eleo Co) 



Fig 40. Power Diagrem, Cylindro-oonioal Drum, Plotted to Time 
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13. ELECTRIC HOISTS 

Blectrie drives (3) now in use are: 

(1) Induction motor with: (a) master controller, contactors, and grid secondary 
resistance; (b) primary contactors and liquid secondary resistance; (e) drum controllers 
and grid secondary resistance. 

(2) Ilgner-Ward Leonard system: Direct-current, separately excited motor operated 
from motor-generator set with flywheel by Ward Leonard control. 

(3) Ward Leonard system. Direct-current, separately excited motor operated from 
motor-generator set without flywheel by Ward Leonard control. 

(4) Direct-current motors with rheostatic control, using either drum controllers or 
magnetic control. 

Induction motors (3, 33) up to 1 800 hp capacity are widely used and comprise 80% 
or more of motors in use. Advantages: low first cost, simplicity of instailation and 
operation, availability of a-c power at low rates, ruggedness and reliability. Disadvan- 
tfqses: difficulty of accurate control, high gear ratios because of high motor speeds, high 
inertia effects, excessive peak loads, and uncertain dynamic braking. Bright (8) claims 
that when rope speeds exceed 1 800 ft per min and the cycle approaches 3 min duration, 
the desirability of a-c motors becomes doubtful. 

Lowering unbalanced loads (3) may be obtained by: (a) mechanical brakes; (b) induc¬ 
tion motor running as a generator at a speed alightiy above synchronism; (c) coimter- 
torque from the motor. Lowering by mechanical brakes is objectionable because of the 
wear on brake shoes, necessity of providing brakes with sufficient area to prevent over¬ 
heating, and danger of failure in operation. In lowering by the second method, the motor 
is connected to the power supply in the direction tending to drive the hoist down, or the 
hoist is allowed to accelerate to speed by gravity only, before connecting the motor to the 
line, the mechanical brakes being used to prevent speeding beyond control imtil the 
motor connection is made. The hoist will then run at a speed such that the motor is 
driven slightly above synchronism, the energy received at the motor coupling being 
returned to the power system. To stop the hoist the mechanical brakes must be used, 
or the motor thrown into first or second point of reverse. It is always desirable partially 
to apply the mechanical brakes, for, while bringing the controller from its running position 
to the "off” position, the electrical braking effort is being gradually reduced to zero and 
the hoist will speed up unless checked. This method of braking is economical, but is 
practicable only for fairly long cycles, in which enough time is allowed for manipulating 
the control. It is practiced with the greatest safety in case of long slope hoists. The 
third method involves reversing the motor so that it exerts a torque in opposition to that 
of the hoist, that is, the motor tends to lift the load. This method is wasteful of energy 
and a heav^^-duty rheostat is necessary. 

Dynamic braking (3) with the induction motor, by supplying constant value d-o excitation 
to the stator windings and obtaining speed control by a secondary rheostat, is sometimes used 
where heavy unbalanced loads are often lowered, the hoist being operated normally in the usual 
manner from a separate controller. It is justified under these conditions, where the usual braking 
methods are unsatisfactory; for instance, due to limited power supply, both the regenerative and 
counter-torque methods may not be feasible, and entire dependence upon mechanical brakes is 
objectionable. The system is fairly safe, saves wear on brakes, and is economical in power con¬ 
sumption, the only power necessary being that required for stator excitatiem and for control. 

Ward Leomurd syitem. The voltage applied to the motor, and therefore its speed, is 
varied by varying the field strength of a generator used exclusively to supply power to 
the hoist, and which is usually driven by an a-c motor. By reversing the field connec¬ 
tions, the polarity of the generator voltage is reversed and consequently the rotation of 
the hoist motor, which operates always at constant main-field strength. Excitation for 
motor and generator fields is supplied by an exciter, usually direct-connected to the 
motor-generator set. Since only the generator field circuit is manipulated in controlling 
the speed, the currents involved are relatively small, with no difficulty in providing a large 
number of steps. 

Principal factors justifying Ward Leonard control arc: (o) accuracy of control 
(desirable for high-speed hoists, repid rate of hoisting or frequent shifting); (6) increased 
safety in operation; (c) higher effic on certain duty cycles; (d) equalization of power 
demands; (e) possibility o' elimination of gearing. 

Ilgner-Ward Leonard system. A flywheel, mounted on the motor-generator shaft, 
acts as an equalizer, cutting down the pteak power demand. It is desirable where high 
peaks are liable to disturb an electrical system, or a heavy charge is made for peak demands 
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Co8ip«iiaon of reralto of difleroiit electric dziree. See (3) and Tablee 10, 10s. 
The data for the coal boiat are as given in Art 11; Data for metal*inine hoist (Table 10a) are: 


Lift, maa. 2 000 ft 

Skip. e 000 lb 

Ore per trip. g 000 lb 

Rope speed. 1 766 ft per »nl« 

Time for acceleration. 16 geo 

Time for retardation. 6 see 

Time at full speed (2 000-ft lift). 66.6 sec 

Rest period. 16 sec 

Rope, round for cylindrical drums.. 18/g in 

Rope, flat for reels, 4 to 11 ft diam. 1/2 by 6 in 

Cylindrical drums. 9 ft diam 

Mechanical efEc, 2nd motion a-o motor. 80% 

Mechanical effic, 1st motion d-c motor. 85% 


For the coal hoist, the conical drum shows some advantage over the cylindrical in 
efRc, peak-power demand, and risi* of motor. For the ore hoist, reels would show a decided 
advantage over cylindrical drums if it were unnecessary to hoist from shallower levels. 
When BO operating, reels are disadvantageous both as to efiio and peak load, and the 
driving motor required is therefore as large as for cylindrical drums. The effic for the 
aver lift is about the same as for cylindrical drums. For the coal hoist, the d-c equip¬ 
ments show higher effic than the induction. In a measure this is also true of the ore hoist 
without flywheel, there being some advantage in effic of the induction motor over the 
Ugner equipment, although the latter very greatly reduces the peak load. The adoption 
of these d-c systems is most often justified by considering the advantages of control and 
reduced power demand, rather than the question of increased effic. 


Table 10. Coal-mine Hoist (Gen Elec CJo) 



Cylindrical drums, S40 ft lift 

Conical druma, 540 ft lift 

Induction 

motor 

Ward liConard 
(no flywheel) 

Ilgner- 

Wsrd Leonard 
(with flywheel) 

Induction 

motor 

Ward Leonard 
(no flywheel) 

Ilgner- 

Ward Leonard 
(with flywheel) 

Net wtHic. 

6880hp-sec 

1 720kp-aec 

1 576 hp-seo 

10 404 bp-sec 

6 880 hp-seo 

1 210 hp-seo 
SOIOhp-eeo 

6 080hp-aeo 

1 210hp-eeo 

7 910 hp-seo 

6880 hp-seo 

1 720 hp-seo 

1 296 bp-sec 

6 249hp-sec 

6880hp-eee 

1 210 bp-eee 

4 910 hp-seo 

6880hp-see 

1 210 bp-aeo 
69IOhpMO 

Hnuii frintinTi. 

Loss in driving apparatus* 






Total energy consumed:.. 
Over-flJl effio. 


14 (XX) hp-seo 
49.2 per cent 
2IOOhp 

900 hp 

hI 

H 

13000 bpoeo 
53.0 percent 
1 550 hp 

700 bp 

ISOOOhp^o 
46.0 per oent 
520 hp 

700 hp 

Peak-power demand. 

Motor rating. 


* Includa loaWB in slip regulator for Ilgner system 


Table 10a. Metal-mine Hoist 



Cylindrical drums, 2 000 ft lift 

Reels, 2 000 ft lift 

Induction 

motor 

Ward Leonard 
(no flywheel) 

Ilgner- 

Ward Leonard 
(withflywhcel) 

Induction 

motor 

Ward Leonard 
(no flywheel) 

Ilgner- 

Ward Leonard 
(srithflywhed) 

Net work. 

19l00hp-8ec 

5 170 hp-seo 

8 290hp-8ec 
17 440 hp-soe 

29 too hp-seo 
4825hp-Boc 
19075 hp-seo 

29100 hp-sec 

4 825 hp-seo 
27 075 hp-eeo 

Is 


29l00hp4eo 
4825hp-sso 
27 075 hp-seo 

Hoist friction. 

Loss in driving apparatus* 




PKHIHMH 


Total energy consumed... 
Over-all effic. 

H 

53 000hp-eeo 
55 0 per cent 
1670hp 

750 bp 

B 

S 

50 000 hp-seo 
58.3 per ceat 
I 250hp 

750 bp 

61 OOOhp-sse 
47.8 percent 
615 hp 

750 hp 

Psak-power demand. 

Motor rating. 


* Includes losses in sUp regulator far flgner system 


Costs of electric drive (36), 1938: 

Wound-rotor induction motors for geared drive, (a) 200-hp. 600 rpm, 2 200-volt, 
3-phase, €0-cycle motor with magnetic control and switch board, $22.50 per hp. Same as 







































































Table 10b. Recent Blectric-hoiet InstallationB 



* Cb?9^ from 1 000 hp, 2 200-volt a-o hoiat. t Theae veighta and prieee include motor and contnd equipment. 
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above, bd^ irith liquid-rfaeostat aeoondary contrcd, $31.50 per hp. (5) 60O-hp, 460 rpm, 
2 200-Volt, S-phaae, OO-cyde motor, with magnetic control, $15 per hp; with liqidd rheo¬ 
stat, $17.50 per hp. (c) 1 300-hp, 360 rpm, 2 200-volt, S-phase, 6oV]ycle motor, with 
magnetic control or liquid rheostat, $14.50 per hp. 

D-c motor, geared to drum, with motor-generator set and Ward Leonard control: 
(a) 800-hp, 360 rpm, 660-voit d-o motor, 70O-kw motor-generator, with 500-kva synchro¬ 
nous motor, $35 per hp; (5) same as (a), but with 600-hp induction motor and 18 000-lb 
flywheel, Ilgner control, ^8 per hp. 

D-c motor, direct-connected to drum, with motor-generator set and Ward Leonard 
control: (a) 960-hp, 03 rpm, 650-volt d-c motor, 700-kw motor generator, with 500-kva 
synchronous motor, $43.50 per hp; (5) same as (a), but with 600-hp induction motor and 
18 000-lb flywheel, $63.50 per hp. Table 10b gives makers' data and costs of recent instal¬ 
lations. 

Automatic hoisting (42) at Emma Nevada shaft is obtained by a push button at skip loader’s 
station of either of two mine levels. Pushing the button starts the hoist, automatically controlling 
acoeleration, full-speed running, retardation, final stop at dumping point and the setup for reversing 
rotation on the next cycle. A third button is used for test purpose. Provision, is made for manual 
operation of the master controller, when changing the drum adjustment for the two levels, or for 
hoirting men. The hoist is of the balanced cylindrical-drum type, with Ilgner-Ward I^sonard drive, 
and opwates at depths of 646 and 826 ft, with a 12-ton load and 10 V 2 -ton skip. Similar hoists are 
used at Miami (43), Inspiration Copper Co, and Butte. 

14. HOISTING ENGINE CALCULATIONS 

Facton for general case: 1. Daily output required governs number of hoiata iwr day or 
shift. This, in turn, depends on load per trip, as determined by aise of car (or other local 
conditions), depth of shaft, type of plant, and allowances for delays and handling men and 
supplies. 2. Gross load = wt of ore -H car -h cage -j- rope. 3. Size of rope is determined 
by wt of ore, car and cage, multiplied by starting factor of 2 to convert dead into live load, 
plus weight of rope. Rope wmght must first be assumed, and one or more approximations 
made. (For Bending Stresses in hoisting ropes, see Art 7.) 4. Max unb^anced load, 
when hoisting in 2-compartment shaft, equals wt ore -|- rope. 5. Total time for a com¬ 
plete hoist. These five factors must be harmonized for selecting type and power of hoist, 
suitable for conditions; geared hoist for low, direct-acting for high, hoisting speeds. 

Total time per load. For BiNoui-coMPAB'mENT bbaft, this covers down trip -f- up trip 
-f- delays at bottom and top, for caging cars; or, with skips, for loading and dumping. 
'This also holds good, in general, for double-compartment shaft, with independent drums 
operated by clutches. For doublb-compartmknt shaft, hoisting in balance with fixed 
(keyed) drums, or single drum with over and under rope, the total time per load is the 
elapsed time from the moment cage stops at bottom on down trip tmtil it stops at top on 
up trip. 

Delays. Caging car, with best track arrangements, takes 5 to 10 sec, which may be 
greatly exceeded when loading facilities are poor. With skips and power-operated loading 
chutes, loading time may be reduced to 3 to 9 sec (10). When hoisting in balance, delays 
at top and bottom are coincident and only the longer .one needs to be allowed for. If 
hoisting capacity permits, larger allowances should be made; preceding figures are not 
obtainable with hand caging or hand loading of skips. If men and supplies are handled 
with ore hoist (usually requiring 20-40% of each sMft), it is best to allow total time for 
them and compute delays on net time. 

Hoisting time and speed. Time per trip includes'periods of acceleration, uniform 
speed, and retardation. Acceleration and its period vary widely. For shafts exceeding 
say 600 ft depth, acceleration is from 2 to 8 ft per sec per sec (11); for shallow shafts and 
large tonnages, it may be 6 to 12 ft. At latter rate acceleration period may run into 
retardation i>eriod, with practically no time of uniform speed (as with conical drum or 
reel). Uniform speed period varies with depth of shaft and hoisting speed. With geared 
hoists max speed rarely exceeds 1 000 ft per min. With direct-acting hoists, 4 500 to 
5 000 ft per min is sometimes attained. Speeds of 2 000 to 3 000 ft are common. Tendency 
is to obtain increased capacity by increasing load rather than speed, which conduces to 
safety and less wear and tear. 

Let a K aocel, ft per sec per sec: v mean veloc, ft per see; tj ^ max veloo, ft per see; ( » hoist¬ 
ing time, see; (i time o( acoel, see; h time of max speed, sec; h ■■ depth of shaft, ft; s * dis- 
• tanoe passed over during acoel, ft. Ihen, h zi o, and » -i- 2a; and if time and distanae 

of need and retardation be assumed equal. 



Si 


1—86 
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•bo. 

But 


*-ai + t,-25+JI_S_2!L±«5 

a *1 a oei 

h ahti , wi* 

• ■ - ■ -y , whence a "• ——i- 

t »i* + ah h(pi — r) 


cm 


Bmn^ee. Tamarack No 3 shaft, Mich, 4 800 ft in 75 sec, or 3 880 ft per min a^er, with max 
about 5 000 ft per min. Whiting shaft. Calumet 4c Hecla mine, from 4 OOOrft level at aver speed 
of S 600 ft. Kimberley diamond mines. South Africa', from 1 660 ft depth, aver speed 2 230 ft, 
max 3 770 ft; acceleration period 16 sec, retardation 13 sec, constant speed 13 sec, total 42 sec. 
Hence, acceleration b about 3.6 ft per sec per sec. Loading skip requires 6 sec. Quincy No 2, 
Mich, 10 000 ft in 250 sec; max speed, 3 200 ft per min; acoel, 36 sec; retardation, 26 sec (7). 
Orient shaft, Ziegler Coal Co, Ill, 600 ft, 6 sec to cage, 5 see aocel and retard; total time for complete 
hobt, 17.12 sec; max speed, 5 070 ft per min. Dowlais shaft, Cardiff, Wales, 2 220 ft in 62 sec, an 
aver of 2 662 ft per min. Rosebridge Colliery, Kngland, speed of 5 100 ft per min b on record. 
Usual speeds are: smau. okaked hoistb, 450 to 500 ft per min; large, 900 to 1 200 ft. Small 
D iBBCT-ACiiNU BoiSTu, 1000 to 1 600 ft pet min; large, 2 500 to 3 500 ft. 


Table 11. Accelqration in Various Mines (National Safety Council) (46) 



Inter Nickel Co, Creighton, Ont. 

Witherbee-Sherman, Mincville, NY. 

Copper Range Co, Painesdale, Mich. 

Republic Iron & Steel Co, Birmingham, 
Ata. 


Shaft 

Aver 

length 

of 

hoist 

Max 

hobting 

speed, 

ft 

per min 

Accel, 

ft 

per sec 

To 

reach 

max 

speed, 

ft 

Inclined 

915 

3 000 

3.33 

375 

IS 

1 600 

1 too 

2.33 

260 

ai 

1 000 

1 200 

1.33 

150 

II 

1 500 

2 360 

2.48 

130 

M 

5 400 

2 200 

1.47 

459 

Vertical 

625 

3 650 

5.06 

300 

II 

1 500 

1 600 

5.33 

70 

II 

850 

2 000 

4.70 

115 

II 

3 600 

2 700 

2.53 

400 

II 

2 000 

2 000 

5.65 

95 

41 

475 

3 600 

12.00 

150 


Time to 
reach 
max 
speed, 
sec 


Calumet A .Prisons, Warren, Aris. 

United Verde Copper Co, darkdale, Aris.. 

North Butte Co, Butte, Montana. 

Great Boulder Fi'op. Bouldw, W Australia 
Old Ben Coal Corp, Frankfort, Ill. 


With fixed output, speed and load are dependent upon each other. If F average hobting 
speed per min; T output, tons per hr; W ** net load, tons; h — depth at shaft, ft, and t cag¬ 
ing time, min; then, 

^ “ 60W - Tt 



15. STEAM HOISTS 

Engine details. Minimum diam of drum depends on diam of rope (Art 2 and 7); 
maximum diam, on hoisting speed required and piston speed of engine. Ratio of obab- 
iMO, from 1 : 3 to 1 : 6. Piston speed rarely exceeds 650 ft per min; for small engines 
600 ft. Ratio of ctl diam to length of stroke varies for geared hoists from 1 : 1.2 to 
1 : 1.67; ratios of 1 : 1.25 to 1 1 1.33 are common. For direct-acting hoists ratios are 
usually from 1 : 1.3 to 1 : 2.66. 

Friction allowance for engines, sheaves, and shaft guides b generally lumped to cover all these 
items, including windage. McCulloch and Futera (4) assume starting friction of engine as 25% of 
wt of one cage -f contents + rope; running friction as 0.6 of this or 15%, and shaft friction and 
windage as 10%. But, since all these items are not effective until after starting, it b customary to 
take friction allowance at 20% for direct-acting and 25% for geared hoists. Following frictional 
resbtances were measured at three Butte (Mont) shafts, when hobting from depth of 2 200 ft, at 
max speeds of 3 000 to 3 500 ft per min (47, p 837): 

In balance Out of balance 

Speculator shaft. 21.1% 13.0% 

High Ore shaft. 23.0 17.5 

Dbmond shaft. 29.0 10.0 

These percentages are in term.- of indicated work of the engines, the difference between values when 
hobting in and out of balance showing that shaft friction at high hobting speed b much greater than 
engine friction. In these eases the engine friction alone was probably less than 6% (47). 

Effective crank radius is taken at 0.58 of full crank radius for enginee cutting off at 87.6% of 
stroke, which is about as late as is practicable. Thb enables one cylinder to start the load, when 
cranks at 90” apart are in their most dbadvantageous poaitiona. 

Steam preesore. Inttial prebb for small hoista is aasumed in makers' lists at 80 to 
100 lb. For simple, non-condensing hoists, assume 100 lb; for compound, 126 to 150 lb. 
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(Notb.—H oist should be designed to start under a lower preamre, to take care of emer¬ 
gencies.) Mea^i BFFEcynvB press (m e p) does not affect size of cylinder necessary to 
start the load, but must be considered when 
engine is up to speed and running with short¬ 
ened cutoff. In absence of indicator cards, 
approximate m e p may be calculated by: 

p - 0.9 [c ipi -f- 14.7) - 6] (29) 

in which: p » m e p (gage); pi initial 
steam press (gage); b « absolute back press 
(for hoisting engines ■■ 17 to 19 lb); c » con¬ 
stant depending on point of cutoff; 14.7 = 
atmos press at sea level, and 0.9 is the dia¬ 
gram factor. 

Force required to accelerate load and 
moving parts can be disregarded for slow 
hoisting speeds, and in general for geared hoists, but must be determined for rapid hoisting. 

Let ilf s mass of one cage and empty car, and W their weight: Mi a mass of ore 
and w its weight; Mt = mass of one rope and Wr its weight; Fi <b accelerating force in 
ascending rope; F 2 »= accelerating force in descending rope. 

Then Fi a (M + Mi + Mz), and Fa >* aM. 

During period of acceleration, load on ascending rope is TV -J- to -f- Wr + Fi, and on 
descending rope, — Fa, assuming empty cage at surface. Unbalanced load during 
acceleration, neglecting changing lengths of ropes, is: 

L = (TT -f IVr -H Fi) - (IF - Fa) - w -H TF, -f a (2 Af -h )l/i + Mt) (30) 

Engines must also accelerate the masses of drums, sheaves, and reciprocating parts. 
Weight of drum is assumed as concentrated at its equivalent radius of gyration, taken at 
0.7 r. Then, if Md is mass of drum, and neglecting sheaves aitd other parts, the accelerat¬ 
ing force required is Fd == 0.7 Mdin, since surface of drum is moving at some velocity as the 
rope. Weight of drum is calculated, or estimated from known weight of a similar one. 
A drum 8 ft diam by 8 ft long weighs about 20 000 lb. 


Table 12. Values of for 
Engines with 7% Clearance 


Point of cutoff, 
% of stroke 

Ratio of 
expansion 

e 

100 

1.00 

1.000 

83.3 

1.18 

0.986 

75.3 

1.30 

0.969 

62.5 

1.54 

0.925 

50.0 

1.88 

0.860 

37.6 

2.40 

0.766 

25 0 

3 35 

0 637 


Hoisting-engine formulas. 

Let P i- total press on one piston, due to initial steam press, 

Pi •• initial steam press, lb per sq in, 
i w length of stroke, ft, 
d diam ol cylinder, in, 

e starting efficiency or factor, to allow lor starting friction of engine, sheaves and cages, 
assumed at 0.7 to 0.83, 

D diam of drum, ft, 

A m area of piston, sq in » 0.7854 d*, 

L unbalanced load, lb, 
k ratio of stroke to diam » 12 I - 1 - d, 
mx, moment of unbalanced load about center of drum, 

mp moment of steam press on one piston about center of crank shaft, in least advantageous 
position of cranks. 


Then 


«■ LD 2, and mp ■■ 0.58 PI + 2 


To start the load, emp must be equal to or greater t]^an m^, or 0.58 ePl S- 2 


d* 


2.10 


LD 

epil 


LD + 2, whence 


(31) 


Substituting for 2 its value in terms of d, d> ~ 26.3 

epik 

Eq 81 and 32 neglect area of piston rod. For a geared hoist, if o he the gear ratio. 


d* 


26.3 


LD 

tpikq 


(82) 

(33) 


These formulas give cylinders amply large unless rapid acceleration and high speed are necessary. 
Assuming uniform aoosleration, the engines develop greatest power just at end of acceleration period. 

Let V ■■ maximum rope speed, ft per min; p m e p, lb per sq in; N •* revs of drum per min; 
Lt ■■ total unbalanced load, lb, including wt of ore and rope, and total force necessary to accelerate 
load, cages, ropes, and drums. Then the required h p -i LtV *■ 33 000, and h p of both cylinders 
■■2 tplAN 33 000. Equfctiog and reducing to same form as Eq 31, 


di 

d* 


LtD 

epl 


12 


LtD 

tok 


(34) 


and 


(35) 
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Table 14. Eiamitlei of Direct-acting Hoisting Enginea 
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(a) 15.79' and 25^ (Fig 1). (5) Rerme and clutch, air; brake, gravity and air. (e) 1 >/g" flattened strand, (d) 2 ears, 8 000; 3 ears, 12 000 lb. 
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By Bubatituting for Lt the unbaUnoed load only, at uniform Bpeed, the m e p for any given engine 
may be determined, and minimum point of outofF found for oonatant speed. 

In Eq 34 and 36,«is tim factor for running engine friction, shaft friction, and windage, and may be 
assumed as having same value as in Eq 32, since increase in shaft resistauee offsets the reduction 
from starting engine friction to running engine friction. 

Comparison of performance of different types of hoisting engines is given in Table 13. 
These engines are designed for max depth of 3 000 ft; load of ore, 3 360 lb; skip, 2 240 lb; 
initial steam press, 150 lb; output, 25 ton per hr; balanced hoisting. (Norn.—“Shaft 
horsepower-hour” denotes net load in lb of ore only X total aver depth in ft hoisted per 
min H- 33 000.) 

Examples and costs of hoisting engines. Table 14 gives data of large direct-acting hoists, with 
approx costs in 1914. Present costs (1938) me about double those quoted. Large hoists are all 
especially designed and costs vary greatly. Table IS gives approx 1926 cosls (in eastern U S) of 
ordinary geared hoists. 


Table 16. Geared Hoists, Single Friction Drum,'Reversible link Motion 


Rated 

bp 

Cylin¬ 
ders, in 

Drum, in 

Wire rope 
on drum 
in single 
coil 

Aver 
hoisting 
speed, ft 
per min 

Bed-plate, in 

Weight 

hoisted 

Ship¬ 
ping wt 
com¬ 
plete 

Approx 

price, 

fac¬ 

tory 



diam Igth 

WBM 


width Igth 

lb 

lb 


10 

5 by 6 



225 

57.5 by 41.5 

1 500 


8 890 

16 

6.25 “ 8 

24 *• 24 


265 

66.5 •• 50 

2 000 


1 000 

30 

8 *• 10 

29 •• 25 

276 

350 

73.5 59.5 

3 500 

6 500 

1 250 

SO 

10 “ 12 

42 •• 34 

426 

400 

89.75 “ 68.75 

4 500 

9 400 


75 

12 “ 16 

M llM '■ 

500 

450 

105.25 “ 61.5 

7 000 

18 500 

2 650 

100 

14 " 16 

54 " 48 

602 

450 

117 •• 92.25 

9 000 

27 000 


150 

16 “ 18 

KilKul 

754 

450 

120 " 94 

10 000 

31 000 

5 700 


ITote.—For double-drum hoists add 50% to weight and 45% to price. 


Small geared steam-driven hoists for prospecting, development, or mines of small output and 
depth, are self contained and of simple design (Table 16). Gear ratios, 1 ; 4, to 1 : 6. Lowering is 
usually by brake, but reversing gear may be had for 10% added cost. Total cost, approx 18^ per lb. 

Table 16. Lidgerwood Portable Hoists, Single Cone-friction Drum 


Rated 

bp 

Cylinders 

Drum 

Average 

hoisting 

load, 

lb 

Average 
hoisting 
speed, 
ft per 
min 

Bed plate 

Apiwos 

total 

wt, 

lb 

Diam, 

in 

Stroke, 

in 

Diam, 

in 

Length, 

in 

Width, 

in 

Length, 

in 

12 

6.25 

8 

24 

26 

1 500 

250 

49 


3 600 

20 

7 

10 

29 

26.5 

2 000 

275 

54 


5 500 

30 

8.25 

10 

34 

32 

3 000 

350 

55 


7 500 

35 

! 9 

10 

41 

40 

3 500 

350 

72 

1 74 1 

9 000 


Portable column- or atope-hoists, for handling timber and ore in stopes and winses, are ucually 
operated by compressed air or electric motor. Air motor is some form of rotary engine, mounted at 
the end or meide the drum, and has double-reduction gearing. These hoists have 1 or 2 drums, ar.d are 
especially convenient in narrow workings, as they may be mounted on a column, or temporary 
timber foundation. Their muet useful applications are in operating underground scraper loaders 
(2) (Bee 27), and in hoisting and erecting heavy timbers in stopes. Capacity, 1 000-2 000 ‘b, at 
50-300 ft rope speed; wt, 450-700 lb; air consumption, 200-250 cu ft per min; over-all dimensions, 
14 by 18 by 23 to 15 by 20 by 38 in. 

Medium-size geared hoists are suitable for more extensive development work, or 
mines of small tonnage, to say 500 ft in depth. They are especially adapted for hoisting 
uith buckets, light cages or skips, at speeds of 450 to 700 ft per min (Table 17). 

Large geared hoists may be self-contained, or with engines and drums supported on 
independent bed-frames. They are especially suited to hoisting heavy loads at moderate 
speeds, up to say 1 500 ft i>er min; hence, are advantageous for slopes or inclines, where 
high speeds are not permissible. Under these conditions, geared engines give better steam 
economy, due to higher piston speed and ability to use drums of large enough diam to 
prevent undue bending stresses in rope. Geared hoists are useful where economy of floor 
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space and foundation is an object. Their cost is 35 to 50% that of direct-acting hoists 
for same hoisting load. 


Table IT. Single- and Donble-dnun Geared Hoists, Band Friction Clutches 



Cylinders 

•a 

Drums 

I 

1 

ia 


Weight 

Over-all 

dimensions 

01 

M 

1 

S 

.9 

§ 

Q 

d 

■ M 

1 

M 

OQ 

Engine epee 
r p m 

Diam, in 

Face, in 

L’gth of rope 
in 1 layer 

•S o 

E 

III 
1 s ■ 

Rope speed, ft 
min 

•Ea 

li 

Double 

drum 

Width, 

single drum 

E 

i 

5 

1 

85 

9 

12 

250 

42 

m 

410 

1:5.S 

4 700 


8 700 

15 000 

ft in 
7- 8 

ft in 
12-0 

ft in 
7- 6 

92 

10 

12 

230 

48 


450 

1: 5.5 

5 000 


10 200 

17 500 

7- 8 

U51 

7- 6 

130 

II 

15 

200 

54 

El 

540 

1:6 

7 300 


17300 

28 600 

9- 0 

13-6 

9- 4 

140 

Kl 

15 

180 

60 

36 

540 

t: 6 

7 300 

470 

19 000 


K9< 

13-6 

9- 4 

160 

in 

IS 

180 

60 

36 

540 

1: 5 

7 800 

550 

26 400 



15-6 


200 

14 

18 

175 

60 

36 

480 

1: 4.5 

8 700 

610 

37 000 

51 100 


17-3 


200 

14 

IS 

175 

72 

36 

570 

1:4.5 

7 200 

730 

39 000 

56 600 


17-3 


230 

15 

18 

175 

72 

36 

570 

1:4.5 

8 300 

730 

44 500 


US 

17-3 

11,-10 


Nets.—Bpecifioationa of different makers vary. For preliminary estimates, cost may be taken 
at 25^ per lb at factory. 


First-motion or direct-acting hoists are useful for large output, or for depths requiring 
high hoisting speeds. Besides the advantage of eliminating gearing, their i^tively alow 
speed of stroke permits use of Corliss or other variable-outofT valve motion. Though 
usually designed for greater economy in steam consumption, their first cost is higher, 
and they should not be used for depths leas than 500 ft, unless output is large. 

Compound hoisting engines have limited application. Their high cost is justified only 
where fuel is expensive, and large loads are hoisted in rapid succession from deep shafts. 
When not operated condensing (condensersoften work unsatisfactorily in hoisting service), 
their economy is but little better than that of simple engines, taking into account the inter¬ 
mittent r unning . They are either cross-compound or twin tandem-compound. Though 
more costly, the latter design is preferable, because in the cross-compound the high-press 
cylinder must be large enough to start the load when low-press cylinder is on center. 
This prevents an economical ratio of cylinder volumes. Throttle and valve gear must 
be designed so that, in starting and until full speed is reached, the 1-p cyi receives steam at 
such press as will give a starting effort equal to that of h-p cyl. Cylinder ratios can be pro¬ 
portioned to best advantage in the twin tandem-compoimd. 

Examples of compound cylindot ratios. Old Oomiuion Copper Co, Aris, twin tandem condens¬ 
ing, 17 and 31 by 48 in, ratio of areas 1 to 3.4; 20 and 37 by 66 in, ratio 1 to 3.45. Copper Queen 
Consol Mining Co, Aris, twin tandem condensing, 16 and 28 by 48 in, ratio 1 to 3.08. Homestake 
Mining Co, So Dak, duplex orose-oompound condensing, 28 and 62 by 42 in, ratio 1 to 3.47. Rand- 
fontein, Transvaal, cross-compound condensing, 22 and 40 by 48 in, ratio 1 to 3.3. Village Deep 
shaft, IVansvaat, twin tandem condensing, 17 and 28 by 60 in, ratio 1 to 2.73; duplex orees-oom- 
pound geared hoist, 14 and 21 by 20 in, ratio 1 to 2.25. Cambria Steel Co, Johnstown, Pa, oross- 
eompound condensing, 28 and 50 by 48 in, ratio 1 to 3.2. Qr^ind Central Mining Co, Mexioo, twin 
tandem, 16 and 24 by 42 in, ratio 1 to 2.25. 

Table 18 shows test of a Nordberg twin tandem-compound condensing hoist; oyb 16 and 28 by 
48 in, Corliss valve gear; 2 clutched drums, each 7 ft diam, holding 2 100 ft of 1.25-in rope; total 
rope pull, 19 000 lb. 

Valve gear of hoists should be as sirpple as is compatible with good construction, and 
economy in steam consumption; with minimum number of parts, and all motions positively 
controll^ when posmble. 

Three types used in American engines; slide, piston, and Corliss valve. Sunn VALvns are 
always used for small and generally for large geared houts, and for many direct-acting hoists. In 
small engines, valvee are unbalanoed; in large, balanced valves should be used. PrsTow valvbs 
are uaed in the simpler fo.-ms of heavy-duty direct-acting hoista; they ore balanced as to steam pree- 
Bure, and are well adapted to high pressure and speed and also to long-etroke engines, because each end 
of cylinder has its own valve, thus reducing length of ports. Out, since the piston valve is not held on 
seat by steam pressure, it is liable to leakage from wear. High cost of Cobliss qbab is justifiable 
when fuel is high, and when saving in this and in decreased maintenance cost exceeds the added first 
oast within life of mine. It is especially suited to large output from depths of I 000 ft or more. Its 
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Moaomy naulte mainly from the antomatiedly controlled ▼eriable outoff, which ie more eaaily 
applied to Coriin than to other valvee. Variable cutoff is operated by ball governor (irtdeh also 
prevents exoemive speed), mr by an auxiliary lever to throttle, by which cutoff is shortened as throttis 
is opened. With slide and piston valvee, cutoff may be shortened by “linking up," but this interferes 
with exhaust. CorlisB valves with non-detaching gear are now used, having advantage of separate 
steam and exhaust valves with quick opening and dosing. Variable-expansion gear must auto¬ 
matically return to position of latest cutoff with the stopping or slowing down of hoist. As Cwliss 
gear is limited to speed of about 125 rev per min, it is rarely applied to geared hoists. 

Reversing gear, when hoisting is in balance, or if lowering is done by steam when not balanced, 
is commonly of link-motion type, or a modification of it. Both open and oroesed eccentric rods are 
used, but open rods are best as they inoresse lead of the valve as cutoff is shortened, giving mote 
compression and earlier admission of steam for cushioning when running at full spe^. Cte large 
Corliss hoists, valve rods are sometimes driven from a crank on an auxiliary shaft indosed by a 
hollow shaft geared from main shaft. Inner shaft is driven from hollow shaft, but may be rotated 
independently by the reverse lever, through an angle sufficient to reverse the engine. Medium rise 
direct-acting and geared hoists are reversed by hand; large hoists by an auxiliary engine (Art 8). 


Table 18. Test of Secramento Hoist, Copper Queen Consol Mining Co 
April 19, 1911. (Charles LeGrand, Cons Eng) 



AM 

7-11:30 

PM 

12-3:30 

Total shift 
8hr 

Steam prew (at bailer, eonreoted) . 

144 

144.5 

137 

mm 

“ “ (at hoist, oorrected). 

137 

Steam temp at boiler, deg F. 

430 

430 


Vacuum. 

19.7 

19 9 

19.8 

536 700 

Ore hoisted No 4 level, lb. 

337 700 


•S SS 4* 

79 100 

79 100 

561 800 
485 600 

44 41 44 IQ 44 44 ^ 

248 900 


14 St 44 ** 

177 700 

44 44 44 IQ 44 44 

104 500 


132 700 

Total pounds hoisted. 

947 900 

821 000 

1 795 900 

Wnrk Hntiis, nrik, ffibikft. fipwlir . 

435.88 

418.20 

854.08 

43.38 

“ “ " men and skip, shaft hp-hr . . 

23,33 

20.05 

Total shaft hp-hr . 

459.21 


897.46 

AvMfiLffA hp ... 



112.18 

968 

MfMkfi ilAplih. 

910 

1 010 

Steam eharged to hdst, including condensation in pipe line, 
Ib . 

13 942 

12 158 

26 100 

Steam to oondenser, lb . 

1 215 

945 

2 160 

ipnAtkl Ih .. 

IS 157 


28 260 


30.36 


29.08 

31.49 

Steam per shaft hp-hr, including oondenser, pipe-line con¬ 
densation, and steam for oil pump, lb . 

33.00 


Rotes.—Aver load of ore per skip for 232 ski^ hoisted, 3.81 tons. Wt of empty skip, 6 400 lb. 
Wt of 1.25-in rope, 2.5 lb per ft. Condensation in pipe line from boilers, 625 lb per hr, with steam 
on line and hoist not running. Steam for condensing plant charged at 30 lb per kw-hr, an aver of 
0 kw being used. 

Steam economy of hoisting engines is necessarily poor, due chiefly to intermittent 
operation. A hoist must start under full load and have rapid acceleration, thus requiring 
nneoonomioal admission of steam during nearly full stroke. Also, intermittent work 
involves loss of stored energy near end of trip if heavy braking is done, and the large 
vmiation of load within the short hoisting period prevents economical operation. The 
frequent stops and periods of idleness allow cylinders to cool and increase condensation 
loss. Superheating reduces condensation, and is justifiable for large hoists. Hoisting 
engines cut off at about C.85 stroke in starting, and with slide or piston valve this is not 
changed as engine comes up to speed, when hoisting from shallow shafts. Though indi¬ 
cator cards are useful for determining condition of valves and pistons, their results are 
comparative, rather than absolutu, because with varying speed and load no two engine 
strokes give the same card. Hence, steam consumption as calculated from hoist indicator 
cards is an approximation at best. Steam consumed per unit of work may be obtained 
very closely by measuring water supply to boilers, if plant is so arranged that one or more 
bcnlers supply the hoist independent of sunUariea. Such testa diould last several hourg 
uaslul work being calculated from tonnage hmsted. 
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Stem coaraatplion varim between wide limita. Small hoiats at a diatanoe from boilw 
require 150 to 176 lb per shaft hp-hr; for large oompound condenamg hoists, winding from 
deep shafts, 25 lb per shaft hp-hr is obtainable; for moderate siae, simple, non-oondensing 
hoists, with slide or piston valves, SO to 76 lb. 


16. COMPRESSED AIR HOISTS (See also Sec 15) 

Compressed-air hoists have same general construction as steam hoists. For small- 
scale work portable " column ” or “ atope " hoists (Art 15), or small geared hoists (Table 
17) are used. For economy, large expansive-working engines require cylinders of special 
design. Cutoff is later, clearance volume is reduced to minim um , and larger i^Hmiaainn 
ports are required, since at same pressure the density of air exceeds that of steam. Rmat-t. 
BOUTS, running intermittently, give no trouble from freezing of moisture in exhaust poits, 
as cylinder walls and passages have time to regain normal temp. But, for economy, the 
air Aould be reheated. For starting and acceleration, air is admitted at practically full 
stroke, and power controlled by threat tie. In labobb hoists, with expansion gear, expan¬ 
sion is only partial, because, since there can be no condenser, the terminal press must 
be sufficient for proper exhaust. Owing to rapid drop in temp of expanding air, the work 
done is less than wiUi steam; that is, the adialwtic curve of air is below that of steam, with 
corresponding decrease in mean effec press. Hence, for same mop, cutoff n^ust be later 
(Sec 39). On the other hand, the theoretical final temp of expansion is never reached in 
practice, because of transmission of heat by cylinder walls, compression in clearance 
spaces, and presence of moisture in the air. Loss in efficiency due to incomplete expansion 
can be reduced by two-stage expansion. With cutoff in high-press cyl at 0.9 stroke 
(minimum practicable starting cutoff), and reheating between cylinders to initial temp, 
the loss in compound cylinders is about one-half that of a simple cylinder, or a saving of 
25% of the energy in the air entering high-press cyl. 

Work done by compressed air. See Bee 30 for theory, and results of work with partial and eom- 
plete expansion. Table 10 gives relations between initisil and terminal press and temp for difFerent 


Table 19. Theoretical Ratios of Pressures and Temperatures Due to 
Expansion of Compressed Air in a Motor Cylinder 


Point of 
cutoff 

Ratio of 
expanaion 
■■l+cut- 
off 

Ratio of 
mean to 
total abs 
press, for 
entire 
Btroke 

Ratio of 
mean to 
total aba 
preae, dur¬ 
ing expan¬ 
aion only 

Ratio of 
initial to 
final 
temp 

Ratio of 
initial to 
final abe 
temp, due 
to expan¬ 
sion only 

Ratio of 
initial to 
final abs 
press for 
ratio of 
expansioD 

0.10 

10.00 



0.513 

■SSH 


0.15 

6.67 



0.460 



0.20 

5.00 



0.518 

0.627 


0.25 

4 00 



0.568 

0.669 


0.30 

3.33 


0.408 

0.612 

0.705 


0.35 

2.86 


0.460 

0.652 

0.737 


0.40 

2.50 


0.510 

0.688 

0.767 


0.45 

2.22 


0.558 

0.722 

0.794 


0.50 

2.00 

0.802 

0.604 

0.754 

0.818 


0.55 

1.81 

0.842 

0.649 

0.784 

0.841 


0.60 

1.67 

0.877 

0.692 

0.812 

0.862 


0.65 

1.54 

0.907 

0.734 

0.839 

0.882 


0.70 

1.43 

0.932 

0.774 

0.865' 

0.902 


0.75 

1.33 

0 954 

0 814 

0 889 

0.920 



points of cutoff (48). Correotions are necessary for clearance volume, the actual effect of cutoff 
being found by dividing the sum of cutoff plus clearance, by cylinder volume plus clearance. Thus, 
if stroke is 6 ft, with cutoff at 0.2 and clearance of 5%, total volume of cylinder plus clearance is 
(5 X 0.05) + 5 5.25; the sum of cutoff plus dearanee is 1 + 0.26 1.25, and actual cutoff is 

1.25 -i- 5.25 ■> 0.23. Table 20 is thus calculated. As volume oi air at cutoff is increased by the 
elearanoe, the mean press is greater than if calculated on basis of nominal cutoff. 

(Tables 19 and 20 are adapted from G. D. Hiscook, “Compressed Air, Its Production, Uses and 
Applications,'* 1901. Also, see Peele’a “ComiH-ssaed Air Plant,” 6th edn, Chap 16.) 

Cylinder volnme. Work per stroke is calculated from ft-lb of work to be done and revolutions 
of engine. This, with initial and final pressures is substituted iu formula for partial or for complete 
expansion (Bee 39), which is solved for initial volume of compressed air per stroke « theoretioal 
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cylinder volume. Thia ie eorreoted for clearance, according to type of engine, and tbe im>per ratio 
of stroke to diam is deterinmed. Initial vol of air -4- vdl at end of expansion pen cent of cutoff. 

Volume of compreaeed air required volume of air per stroke (calculated above) 
X number of strokes, remembering that there are 4 strokes per revolution in a duplex 
hoist. Volume so found is reduced to free air (Sec 39). Table 21 gives volume of free ur 
per min per indicated hp, for different cutoffs, without reheating, and at 60° initial temp. 
These values do not indude the volume corresponding to piston clearance (see above). 


Table SO. Actual Cutoffs Due to Clearance, for Hominal Cutoffs in Column 1 


Point of 
nominal 
cutoff 



Percentage of clearance 



0.03 

0.04 


0.06 


■a 

0.10 

0.10 

0.126 

0.135 


0.151 



0.182 

0.15 

0.175 

0.184 


0.198 



0.227 

0,20 




0.245 


■jPiiH 

0.273 

0.25 

0.272 



0.293 


0.305 

0.318 

0.30 

0.320 


0.333 

0.340 


0.352 

0.364 

0.35 

0.368 


0.380 

0.387 


0.398 

0.409 

0.40 

0.417 


0.429 

0.434 


0.444 

0.455 

0.45 

0 465 


0.477 

0.481 


0 490 

0.500 

0.50 

0.514 

0.519 

0.524 

0.528 


0.537 

0.546 

0.55 

0.564 

0.568 

0.571 

0.576 

0.580 

0.585 

0.591 

0.60 

0.612 

0.615 

0.619 

0.623 

0.626 

0.630 

0.637 

0.65 


0.664 

0.667 

0.670 

0.673 

0.676 

0.682 

0.70 


0.711 

0.714 

0.717 

0.720 

0.722 

0.727 

0.75 

0.758 

0.760 

0.762 

0.764 

0.766 

0.768 

0.772 


Table 21. Cubic Feet of Free Air per Minute per Engine I H P (F. C. Weber) 


Gage pressures, lb 


cutoff 

30 

40 

50 

60 

70 

Si 

90 

too 

110 

125 

1 

23.3 

21.3 

20.2 

kPI 

■ inji 




IFfi 

■ WM 

»/4 

18.7 

17.1 

16.1 

189 


Itfil 

llTl 


lili 


Vs 

17.85 

16.2 

15.2 


■ !W 

■llrH 


13.28 

13.08 


Vs 

16.4 

14.5 

13 5 

Bta 

12.3 

11.93 

li.7 

11.48 

11.3 

II.1 

Vs 

17.5 

15.2 

12.9 

11.85 

11.26 

10.8 

10.5 

10.21 

10.02 

9.78 

V4 

19.6 

15 6 

13.4 

13.3 

II 4 

10 72 

10.31 

10.0 

9.75 

9.42 


Quantities of free air in Table 22 are based on actual running time of geared hoists. As such 
Ciigines seldom run more than 1/4 to Vg the time, a compressor of I /4 to l/g the volume given is 
sufficient, provided there is ample storage capacity, and the time per trip is short. 


Table 22. Volume of Free Air for Duidax Holsts (® 60 lb gage) 


Diam 
of eyl, in 

Stroke, 

ia 

Itev per 
min 

Normal 

hp 

Actual 

hp 

Wt lifted, 
single 
rope, lb 

Free sir per 
min, ou ft 

5 

6 

200 

6 

11.8 

1 000 

300 

5 

8 

160 

8 

12.6 

1 650 

320 

6.25 

8 

160 

12 

19.8 

2 500 

500 

7 

10 

125 

20 

24.2 


604 

8.25 

10 

125 

30 

33.6 

6 000 

680 

8.50 

12 

no 

40 

37.8 


952 

10 

12 

no 

50 1 

52.4 


1 3.20 

12.25 

15 

100 


89.2 

■HHHIMH 

2 250 

14 

18 

90 

100 

125.0 


3 174 


Reheating (theory and results given in Sec 39 and 16) reduces volume of air required 
proportionately to the ratio Js -i- Ti, where T, ■> absolute normal temp, uid Ta abso¬ 
lute temp to which the air is reheated. Or, the increase in volume is expressed by: 

r, : T, - 1 : V, 


(38) 
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Fa being tbe volume at temp Tt. The added volume is obtained at V4 to i/s of the cost of 
producing the same volume in the compressor itself (15, 5th edn. Chap 18). 

Practicable increase of temp is up to 4(X)‘* F; 
highm- temp makes cylinder lubrication difficult 
and loss in heat between heater and cylinder be¬ 
comes excessive. Reheating to 400°, and allow¬ 
ing a transmission drop to 300°, produces theo¬ 
retical gain of 43%; in practice, my 20 to 30%. 

Using dry reheaters, a fair average fuel consumption 
per added hp-hr due to reheating is 0.2 lb coke. 

Experiments on an 80-hp Corliss engine, with air at 
95.6 lb abs, reheated to 338“ F, gave a coke con¬ 
sumption of 0.176 lb per added hp-hr. At Anaconda 
Copper Co’s plant, the air is reheated by steam at 
200 lb pressure to 250“ to 350“ F. At Miami, Aria, 
the reheating temperature is 350“ to 375“ F. For 
hoists, a reheating gain of 20% is generally prac¬ 
ticable. 

Anaconda valve gear. In modifying the large hoists 
at the Anaconda mine, and in designing other plants 
for using compressed air, the aim has been to utilise 
energy stored in moving parts during retardation to 
compress air back into the storage system, instead of 
wasting power in braking. This is done also when 
lowering instead of hoisting. 

Cylinders and valve gear of Anaconda air hoists 
X>erform the following functions (47, p 868). In starting, 
the throttle ie opened wide; air is sidmitted during 0.9 of 
stroke and exhausted during entire return stroke, giving 
the card a. Fig 48. After making 1 to .3 rev, the governor 
takes control, cutting off the air at different points ss 
speed increases (card h). On reaching about 0.6 full 
speed the point of closure of exhaust valves is advanced 
to such point as will cause the clearance air to be com¬ 
pressed to full initial press. As speed increases the cutoff 
is further shortened by the governor (cards c), the last card 
of series c representing the air expanded to atmospheric press, ana engine theoretically working at 
its beat efficiency. To maintain this eiScienev and eliminate loops in the card (due to expanding 
below atmos press) free air is admitted to cylinder at all points of cutoff shorter than last card in 

c. This stage is shown in cards d. In 
card e, the last of the group, air ie cut off 
practically on center, and exp'xndcd to 
atmos press, which is then maintained to 
end of stroke. Also, atmos press is main¬ 
tained on return stroke to the point where 
reoompreesion begins. This card cor¬ 
responds to work of ± 0. At this pmnt 
maximum speed is attained, and the hoist 
runs by momentum of the moving masses. 

To retard without applying brakes, 
the regulating lever is moved to retarding 
position, causing admission valve to re¬ 
main closed during forward and return 
stroxes, as in card s. Exhaust valve now 
opens, air is ejected during return stroke, 
7ig49. Anaconda Air-hoist Cylinder, B.V.Nordberg (47) nnd the process of producing cards s and/ 

is thetsame. The regulating lever con¬ 
trols point of closure of exhaust valves during the exhaust stroke, resulting in the shaded area of /, 
which represents negative work. By further movement of the lever from its neutral position, 
cards g, h and * are made suoceesively, t representing compression of a full cylinder of air. The 
effect of the gear is to exhaust all air not to be compreeeed, and then compress the remainder. By 
moving the lever to its extreme position, an auxiliary valve opens communication between ends of 
the eylinder, while the piston passes its center with both exhaust valves closed. The compressed 
wr then flows to other side, which is filled with free air, causing increase of several pounds press in 
front of piston, the disappearance of the re-expansion line w in card t, and a much higher mean effeo 
press of compression, wh'ch stops the hoist. Card / is produced at this time. Fig 40 is a diagram¬ 
matic eeotion of the cylinder and valves. The poppet inlet valves prevent air in cylinder from 
kxpaading below atmos press. Dischsrge valves operate automatically when air is compressed baek 
into the system; by-paas valves are opened positively and closed automatically. Fig 50 showa the 
operation of this gear. For first 5 atrokea, cylindera are completely filled; next 5 strokes are made 
with gradually shortened cutoff, after whidh the clearance compression gear comes into action. 
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No air ia admitted during iMt 6 atrokea, air bring oompraaaad back into the ayatem. Work niwv ■ 
aantad by thia oompreaaad air ia abown by the area below atmoapharie line. 


PtgSO. 



Hriatinp; Card (Leonard Shaft, Butte) from Head End of 34 X 72-in Air Hoiat, 124t Dramj 
Kunning Balanced. Hoisting Speed, 1 800 ft in 45 eeo (B. V. Nordberg, 47} 


17. GAS AND GASOLENE HOISTS 

Field of ose: where high freight rates make coal expensive, where there is ecarcily of 
water for generating steam, for isolated mines, or for temporary work. Small gas engines 
are not so well suited to hoisting as steam or air hoists of same capacity. Because of time 
required to start from rest, the engine must nm continuously, the drum being operated 
by friction clutch. Hence, in intermittent hoisting, economy is low. 

Fuel consumption. Producer or city gas, gasolene, distillate, kerosene, or crude oil, 
may be used. Producer gas, or waste gas from coke ovens, furnishes a cheap fuel. Small 
hoists require 0.10-0.15 gal gasolene per hp-hr; a standard 4-cyl, 20-hp engine uses about 
1 gal gasolene per hr. 

Advantages: poriability, independence of steam or electric plant, low cost of attendance, 
economy of fuel, and low first cost, when power plant for steam or electric hoists is considered. 

Types. Engines may have 1 or 2 drums, with friction clutches. For the larger hoists there ia 
usually an auxiliary friction clutch on engine shaft. They are usually non-reversible, requiring 
lowering to be done by brake, but there may be special gearing between engine and drums, similar 
to an automobile gear-shift, to reverse direction of rotation of drum, thus permitting hoisting ia 
balance. Sometimes designed for 2 speeds. Engine is 4-cycle, and varies from single horis cyl to 
vertical 6-cyl, rated as 60-80 hp. Larger multiple-cyl unite may have self-starters. 

Table S3. Single Friction-drum Gasolene Hoists (Fordson units used on 20-hp rises) 


Hctne 

power 

Drum 

Hoieting 

capac, 

lb 

Speed, 

ft 

per min 

Approx 

shipping wt, lb 

Approx 

price 

with 

motor, 

fob 

faetiMry 

(1026) 

Diam, 

in 

Length 

between 

flanges, 

in 

Without 

motor, 

lb 

With 

motor, 

lb 

5 

8 

18 





» 700 

10 

10 







15 

10 




2 800 



20 

12 


4 000 


3 750 


1 095 

20 

18 

20 

2 500 


3 800 

4 950 


20 

24 

20 

2 000 


3 850 



20 

24 

20 

1 250 

400 

4 000 

5 150 


35 

12 

26 

6 000 

160 

4 200 


1 260 

50 

14 

27 

8 500 

160 

6 200 



60 

14 

27 

10 000 

160 

6 500 


2 500 


Rating and capacity. Rating ia usually on basis of indicated hp. Lifting capao and 
hoisting speed depend on quality of engine and care in maintenance. Let L ■> load or 
lifting capac; HP rated hp of engine; e ■■ mech effic of hoist; 8 ■■ hoisting speed, 
ft per min; then, 

L - 33 000 eHP -r- 8 (37) 

IJp to 10 hp, e may be a8sumr>d as 0.5 to 0.6; for larger engines, 0.6 to 0.7. 

Costs vary widely with ty pe and make of motor. A Middle-west manufacturer quoted 
(1926) on single-cyl hoists: 3 hp, 9 to 12-in drum, $368; 6 hp, 6.6 to 12-in drum, $520: 
10 hp, 9 to IG-in drum, $845. For other costs, see Table 23. 
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18. HAND WINDLASS 


WindlaM lima low efficiency and small capacity; hence, limited to prospecting, sinking 
winses, beginning shafts, and small-scale development work. For prospecting, economical 
limit ot depth is, say, 76 to 100 ft. 


Maeipal diaeudoas for ordin^ windlass (Ilg 61); Diam of barrel, 0 to 9 in; length, to suit 
slae of dtaft; crank arm, 14 to 16 in; length of handles, 16 to IS in; height, center of barrel above 
platform, 42 in. Cost, ^0 to $36 complete, varying more with ocet of labor than of materiala. 

Capadty and cost opwation. An average man can do 2 500 ft-lb of work per min, applying 
tone of 20 lb at crank. Hence, crank velocity ie 126 ft per min; which, with 15>in crank, gives 
16 rpm, or a hoisting speed of 33.5 ft per min with 3-in barrel. At 75 lb groee load per man (126 X 
20 -i- 33.5 » 76, nearly), allowing half the time for filling, 
dumping, and lowering bucket, 2 men can hoiat 7 200 lb 
from 100 ft in 8 hr. Fig 52 shows cost and capacity, for 
different depths, with 2 men and 1 bucket, wages 20ii per hr, 

8 min bdng allowed for filling, dumping, and lowering 
(1015). 

Manila rope, 0.76 to 1 in diam is best for windlass; wire 
rope tends to Idnk and is not suited to small diam of barrsL 




e’a 6'-^ 

Fig 61. Hand Windla 


—nr 


|e.» e.M o.ao a.w lm 
Cost per tCon (1916) 

Fig 62. Hoisting with WindlsM 


Buckets may be of heavy sheet iron, or made from half ot an ml barrel, with iron bands top and 
bottom. Bail, 0.76-in round iron, with eye at center; eara for bail are the ends ot a 0.25 by 1.26-in 
strap, passing down each side and under bottom of bucket, with 3 or 4 rivets on a side. Wt of 
bucket, 60 to 76 lb (Art 28). 


19. HORSE WHIM 

Usei. For sinking when depth and capacity required are too great for a windlass; for 
preliminary or small-scale development work, not warranting a power hoist; or for b^pn- 
ning a shaft while installing steam or electric hoist. 

Construction. When made at the mine, whim is entirely of wood except bolts and small quan¬ 
tity of bar iron (Fig 53} (40). This design is called “malacate” in Spaniab-Amerioan countries. 
Axis of drum is vertical, and arm or sweep is attached at top or bottom of drum. If at bottom, the 
bone passes under roim leading to head sheave; if at top he steps over rope, which is then led off in a 
covert trench. Dstaiu of Fig S3: Foundation a of rough logs, drift bolted and filled with 

stone. Footstep bearing for drum is of 
two 10 by 12-in by 8-ft timbers b. 
Spindle s, 12 by 12 in, cut down at ends 
c to 6 in diam and capped with 6-in 
pipe couplings. Drum, 3 ft 6 in diam 
bjt 2 ft 6 in high, of 3-in plank bolted 
together and lagged with hardwood 
stripe. Sweep i, 6 by 12 in, is mortised 
to spindle and reiaforced with 3 by 6 in 
by 6-ft pieces j. Crosspiece /, 10 by 
10 in by 30 ft, is reinforced at center 
with 3 by 10 in by 5-ft pieces g, and sup¬ 
ported by 12 by 12-in posts, braced to. 
suit direction of pull of hoisting rope. 
Yoke h is of 3 by 0.75 in by 6-ft steel, swedged to 2 in diam at top and swiveled in end of sweep, 
so that horse can turn sharply and gravel in either direction. Brake ring A, of d-in planks, may be 
added for safety. With this whim a 1 100-lb horse raised a gross load of 2.6 tons at 27 ft per min. 
Instead of a timber crib base, the bottom bearing may be made by a socket in a large stone or in 
a timber imbedded in the ground. Cost of whim (1915), $70; (1926), $125-$150. 

I,«igth of sweep should not be less than 12-14 ft, as a horse does not work well when travding 
a circle of leaa than 24-28 ft diam. Decrease in hoisting speed due to a long sweep is counteracted 
by increasing drum diam; and this increases life of rope. Length of sweep should be 6~7 t 
radius of drum, when gearing is nov used. 



Fig 53. Whim for Sinking Shaft at Mineviile, N Y 
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soo 


i 
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RMdy-nudB vJiiiu »re obtunable ia a number of forma. Thajr are oocaaionally uaedi but have 
been largely displaced by email gasolene boiets (17). 

Capacity and cost of wldm hoisting, for a given depth, depends on power of horse (21 000 to 
25 000 ft>lb per min), time tsauired for filling, dumping, and lowering bucket and rate of wages. 

Fig 54 ahowB coat per ton and eapaoity for whim hoisting 
from depths of 50 to 300 ft, under blowing oonditiona: 
One horse, @ 25 000 ft-lb per min; hoisting speed, 60 ft 
per min; gross load, SOO lb; wt of bucket, 125 lb; wt of 
S/g-in wire rope, 0.62 lb per ft; 2 men and 1 horse at 
stance, tl.25 per hr; time for dumping and changing 
buckets, 1 min (requiring good arrangement at shaft 
mouth); lowering with brake, 200 ft per min. For depths 
of 50 to 100 ft the duty and cost are constant, because 
tonnage handled ia all that 4 shovelers (marimum number 
that would be employed under the conditions) could 
load in time required for each hoist. (Note.—Manu* 
facturers’ rating of whims is sometimes equivalent to 
2 or 3 times the average work of a horse.) 

Rope for whims is sometimes hemp, but is better cast 
steel, of ordinary lay, 1/2 to t/g in diam. (For wire rope 
data, see Art 7.) 

Buckets should be light; Vg-in plate is thick 
enough, if reinforced at rim. A wide shallow bucket is 
better than a deep one, as it is easier to fill and dump. Diam is greatest at top, to prevent 
large stones from wedging fast when dumping; but for inclined shaft, where bucket slides on skids, 
a barrel-shaped bucket is necessary. Buckets with bail attached at top are safest, but those swing¬ 
ing on trunnions on the sides, below center of gravity, are easier to dump. Proper capacity for 
1 horse, 8-9 ou ft. An 8-cu ft bucket, of l/g-in plate, weighs 180-150 lb and costs 14-204 per lb. 
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20. HOISTING FROM DEEP SHAFTS 

Deep hoieting is taken to mean hoisting from depths over 3 000 ft. Because of time 
required, and increase in ratio of rope wt to net load, both speed and load must be increased 
to maintain a given tonnage. Ijong ropes require large drums, presenting special design 
problems. Best grades of steel rope are requisite and the tendency is towards round rope 
of constant cross-section. Bi-cylindro-conical drums are used to decrease load on motors, 
and are of such dimensions that rope does not wind on itself, thus increasing rope life 
(6, 30). Cylindrical drums are sometimes used, but in each case the choice must be an 
adjustment of operating cost, effic and capital outlay. 

Methods in use and proposed (Art 1) are: (a) balanced hoisting in a single lift, with 
conical drums and ropes of uniform section or tapered; (b) Whiting system, with tail 
rope; (c) Koepe system, with tail rope; (d) hoisting in tandem with 2 skips on each 
roim, one suspended at half the depth and one at fiill depth, for loading and dumping 
simultaneous^, lower skip discharging into bins from which upper skip is filled; (e) hoist¬ 
ing in 2 or more stages, with lower stage hoist either on surface or underground. 

Types of drive on the Witwaterarand (1023). Out of 72 winding engines serving 39 deep 
shafts, there were 50 steam, 10 Ward Leonard and 12 induction plants (1). Present practice 
is towards Ilgner-Ward Leonard drive, in both U 8 and So Africa (6, 30). A. L. G. Tindley (30) 
recommends direct-acting steam hoists as economical, when hoisting plant ia considered in relation 
to compressor and haulage capao required. At Itandfontein, exhaust steam from hoist is used to 
give 30 OUO cu ft of air per min. Savings of 21/24 per ton are claimed over Turbo-Ilgner plants. 
Donk Brce Coal Co, Ill, use exhaust steam from direct-acting hoist to generate electricity for 
underground haulage and coal cutting; also used by N J Zinc Co and Copper Range Co (37). Stubbs 
Perry plant (39) resembles the Ilgner-Ward Leonard, but a steam turbine replaces a-c motor, with 
an eddy-current brake, all on same shaft. 

Hoisting in a single lift. Elsdon & Dolan (30), 1935, state that So African practice 
favors stage hoisting, but that equipment for a single-stage lift of 6 300 ft is being installed 
at the Simmer A Jack mines. There will be two bi-cylindro-conical drums (Art 2), 13 and 
35 ft diam. Ore load, 8 ton; skip wt, 9 0(X) lb; 2-in rope, with breaking strength of 203 
to 210 ton; rope speed, 3 000 ft per min; a Ward Leonard drive, with 2 d-c motors, each 
of 1 800 hp at 225 rpm. Rope s^ety factor, 5 for men, 4.7 for ore. 


21. EXAMPLES OF HOISTING PRACTICE 

Robb shsft, Homestske Mining Co, Dak (0). Max vert lift. 5 275 ft; wt of eldp, 12 500 lb; 
wt of ore per skip, 14 (K)0 lb; 1 l/g-in r^pe. Drums, double bi-cylindro-conical, 12 and 25 ft diam, 
with parallel shafts, cross gear connected, both clutobed, Ilgner-Ward Ixtonard drive. With two 
1 500-hp, 300-rpm, 600-volt mot<*rs, two 1 25d-kw, 720-rpm, 600-volt generators, one 1 7SO-hp, 
720<rpm a-o motor, one 40-kw, 72t>-rpm, 125-voIt exciter, and one 44-ton flywheel, the hmsting eapao 
is 3 225 ton in 15 hr. at 6 276 ft, and 5 475 ton in 15 hr, at 2 200 ft. 
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WmoMt ft Jade duftt So Afiloo. St«c« hoiattng (80); vert lift, 6 800 ft; double bi-eyliiMlro- 
eonieal drama; wt of ore, 16 000 lb; wt et skip, 0 000 lb; 2-la rope. Bope ep^, 8 000 ft per min 
Ward Leopsrd drive, 2 motwe, one for eneih drum, rated at 1 810 bp, at 225 rpm. 

No 4 abaft, Cby Deep mine, So Airiea'(41). Stage bolating; max vert lift, 4 500 ft; 2V4'in 
rope; rope spe^, S 100 ft per min; wt of ore per trip, 8 ton; oapao 250 ton per br. Ward Leonard 
drive; 2 eylindrieai ebafta, 60Vs ft between oenten. 

New Orient coal mine (45, 46), 111, normally hokte 10 000 ton in 8 hr from SOO^t depth. It 
bae hoisted 15 000 ton and eqidpment was designed for 12 000 ton per 8 hr. Ilgner-Ward Leonard 
drive, with a 2 200-hp, 2 200-volt a-o motor; two 1650-kw, 600-volt d-o generaton; one 50-kw, 
250-volt d-e exciter; 00 000-lb flywheel at 575 rpm. Hoist motors, d c, are cooled by washed air, 
each being 2 000 hp, at 75 rpm. Cyde: acederatioa, 5 see; full speed 6 see; retardation, before 
entering damping horns, 3 see; retardation at dump horns, 3 see; rest period, 9 see. Total cyde, 
26 see. Depth of shaft, 607 ft; wt of coal per trip, 22 000 lb; wt of skip, 15 100 lb. 

Bad jadeet shaft. Calumet, Mich, is equipp^ with Whiting hoists. Shaft is vert, 4 000 ft 
deep (01). Two driving sheaves, 10 ft diam, dGriven by a pair ^ inverted vert, triple-expansion 
condensing engines. High-prem and intermediate eylindere of each engine act on one orosshead, 
low-press cylinder on another. The crossheads are attached by connecting rods to opposite ends 
of a triangular walking beam, pivoted between the orosshead guides. From third point of the 
beam, a connecting rod goes to crank of flrst driving sheave. Cranks are 90* apart, connected by 
paralld rods to cranks of second sheave. Cylinders, 20.5, 31.75, and 50 in, by 72-in stroke. Steam 
press, 180 lb. Max speed, 50 rev per min. Use of a tail rope greatly reduces swaying and vibration 
of hoisting rope. Main rope, 1.75 in, tail rope, 1.375 in. 

No 5 shaft. Tamarack mine, Mich, is 5 309 ft deep. Hoist has 2 simple, non-condensing Corlim 
eylinders, each 34 by 60 in (see Table 14, No VI). Cylinders are set at 45* to boris, so that the two at 
each end have center lines at right angles, and are oonnected to a common crank pin. Hence, when 
one cylinder is on center the others act at 45*, 90* and 135* from this position, giving ease of startr 
Ing and uniform torque (Fig 12). 

Totf shaft. Village Deep mine. So Africa. Vert depth, 6 600 ft. There are 3 stages: upper, 
about 4 100 ft vert, the two lower stages being inclines (8). 

San Joan Dei Key mine, Brasil. Vert depth. 6 726 ft. Hoisting is in 5 stages; in upper stage, 
2 264 ft deep, hoist is driven by Pelton water wbed; next 3 stages are each 1 2(X) ft, with compressed 
air hmsts; lowest stage has an electric hoist. 

Quincy No 2 hoist (installed 1920} has probably the greatest single lift: 10 000 ft on the incline; 
6 600 ft vert depth. It has a eylindro-conioal drum, grooved for Ifi/g-in rope. Skip weighs 
10 000 lb; rope, 10 000 ft, 41 500 lb; ore, 20 000 lb. 

North and &uth vert shafts of Randfontein Central Gold Mining Co, So Africa. Two Ward 
Leonard electric hoists, installed 1022, are designed for 5 000 ft vert depth, at max speed of 4 (XX) ft 
per min. The cylindrical drums are 12 ft diam by 6 ft wide; rope, 1.75 in. A steam hoist, designed 
for same duty, has 39- by 78-in eylinders; eyl drum, 14 ft diam by 5.5 ft wide, to bold 4 layers of 
2-in rope; max unbalanced load, 60 000 lb. On the Rand, eyl drums are preferred to eylindro- 
conioal (8). Conical drums can not be constructed for full equalisation of rope load, as angle of 
drum face becomes dan^ously steep for deep shafts, or length of drum prohibitive. 

For hoisting 50 tons per hr from 5 000 ft, McCulloch and Futers (4, p 142) ealcidate an engine 
following dimensions: small diam of drum, 9 ft; large diam, 24 ft; oyls, 38 by 48 in; max speed, 
60 ft per sec; time for loading and dumping skip, ^ sec; net load, 6 100 lli; taper rope in 4 sections, 
lowest 1 800 ft being 0.9375 in diam, the other 3 of 1 400 ft each bring 1.0625, 1.1875 and 1.25 
in diam, respectively; total wt of one rope 11 600 lb, with safety factor of 7. If a uniform-section 
rope were used, diam would be 1.4375 in; total wt, 30 000 lb. Steam press is assumed at 150 lb. 
For same output, steam consumption is about 4 times that required for 3 000 ft. H. C. Behr (50) 
shows that hoisting engines more than 3 times as large are required for a given hourly output from 
6 000 ft as from 3 000 ft. 


22. COSTS OF HOISTING 


Table 24. Segregated Hoiatiitg Costs, in Cents Per Ton (44) 


Mine 

Labor 

Power 

Suppliee 

Repaira 

Total 

Joplin distriot. 

3.3 

2 .0(a) 


0.2 

6.5 


3 1 

0.4 


1.0 

4.5 



1.2 



7.1 

Minerille, NY. 


6.3 



21.3 



10.2 



17.0 

Anf.PiiiLl, Win.. 


5.3 



14.2 

85-Mine, N M. 

9.8 

6.3 



24.5 

Copper Queen. 

2.6 

1.9(e) 


2.4 

7.1 

United Verde. 

18.1 

20 .8(b) 


3.7 

43.0 

United Verde. 

2.1 

0.9 

0.1 


3.4 

United Verde. 

6.0 

3.3 

0.7 


15.4 

Smuggler Union. 

7.9 

1.3 

0.1 


14.9 

United Eastern. 

18.4 

5.0 

1.4 


27.5 

Argon&ut. . 

25.3 

10.9 

15.7 


51.9 

Ray. 

0.8 

0.7 



2.0 


(a) Steam. (b) Operating briler plant. 
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Tabl9 M. Holstliig Costt per Ton (44) 


Mine 

Ynr 

Tonnage 
per year 

Max 
depth, ft 

Cost per 
ton, cents 

Bemarks 

Joplin district, Mo. 

1917 

136 272 

250 

6.5 

Vert, cans (b) 

Acme, Tri-State. 

1917 

364 285 


9.1 

68 8 8 

No 8, S E Mo. 

1928 

168 089 

568 

4.5 

" skips 

Mascot.'.. 

1923 

212 990 

582 

4.3 

8 4 8 4 

Montreal, Mich. 

1928 

700 000 

2 700 

14.2 

Inol and vert sUIiib 

Montreal, " . 

1928 

500 000 

2 700 

17.0 

" skipn 

MineviUe, NY. 

1927 

770 000 

4 200 

21.3 

“ andyartaUps 

United Verde Extension, Aria 

1928 

275 212 

1 700 

15.1 

Vert, skips 

United Verde. 

1918 

530 470 

1 050 

43.0 

“ can 

United Verde. 

1919 

110 487 

1 050 

3.4 

eldpa 

United Verde. 

1926 

1 387 397 

2 350 

15.4 

8 4 8 4 

Copper Queen (Sacremento 
shaft). 

1914 

659 102 

I 550 

7.1 (a) 

“ (steaoi) 

Copper Queen. 

1914 

659 itf2 

1 550 

18.9 (a) 

“ can 

Bunker Hill ft BuUivan. 

1930 

445 475 

2 000 

11.5 

Inol, skips 

eS-Mine, N M. 

1930 

7 220 

1 650 

24.5 

Vert, “ 

Bmusalor Union, Colo. 

1928 

71 521 

796 

14.9 

Inol, " 

Elko Prince. 

1917 

21 674 

300 

19.6 

44 44 

United Eastern. 

1917-24 

732 000 

1 298 

27.5 

Vert, “ 

MosoUon, Aria. 

1922 

50 144 


30.1 

Incl, “ 

Argonaut, Calif. 

1929 

7 800 

7 800 

51.9 

14 44 

Beatson. 

1922-26 

1 682 079 


5.1 

Vert, •* 

Miami, Aria. 

1923-29 

16 556 296 

811 

3.3 

88 44 

Hay. 

1928 

3 243 159 

465 

2.0 

88 44 

Nevada (Tonsol. 

1924 

694 476 

700 

5.2 

8 8 44 

Lucky Tiger. 

1924 

60 000 

400 

16.0 

Incl, “ 


{a) Cost of hoiatinc ore at Sacremento shaft was 7.1^ per ton; at 8 other shafts, which ddivered 
ore to the Sacremento hoist, 18.7^ per ton, makinc a total cost ot 26^. (8) Local term for boistuic 

buckets. 


Table S6. Kilowatt-hours Per Ton Ore Hoisted (44) 


Mine 

Reference 

Max diet, 
ft 

Car or 
skip 

Vert or 
inclined 

Kw-hr 
per ton 

No 1, Tri-State. 

LC 6113 

200 

"Cans” 

Vert 

2.8 

No 2, *' . 

IC 6121 

300 

8 i 

8 1 

2.4 

No 3, •• . 

IC 6174 

200 

44 

44 

2.8 

Hartley, “ . 

IC 6656 

250 

8 8 

48 

1.6 

8 E Missouri. 

IC 6170 

245 

Cars 

48 

0.5(a) 

Daisy, 111. 

I C 6384 

640 

Skips 

48 

6.2 

Hillside, HI. 

I C 6294 

550 

8 4 

41 

1.2 

No 1, Marquette. 

I C 6138 

1 000 

8 8 

48 

1.8 

No 2, •• . 

IC 6179 

1 650 

48 

44 

2.1 

No 4, •• . 

IC 6390 

1 060 

48 

88 

1.6 

No 5. •• . 

IC 6380 

1 200 

44 

6 1 

2.5 

No 1, Menominee. 

I C 6180 

1 200 

44 

88 

3.3 

Mineville, NY. 

10 6092 

4 200 

44 

Both 

4.2 

Mineville, NY. 

A IM £ Vdl 72 

4 200 


S 4 

4.8 

Montml, Win... 

IC 6369 

2 700 

44 

Vert 

4.4 

Page, Idaho. 

I C 6372 

1 200 

48 

Inol 

2.7 

Hecla, Idaho. 

I C 6232 

2 000 

48 

Vert 

4.4 

Cortes, Nev. 

I C 6327 

240 

48 

Ind 

9.4 

Copper Range. 

A I M E Vol 72 

2 000 

48 

4 4 

4.1 

Homestake, S D. 

A I M E Vol 72 

2 300 

44 

Vert 

2.1 

Mascot, Tenn. 

I C 6239 

582 

44 

41 

l.l 

United Verde. 

A IM E Vol 72 

1 500 

44 

44 

1.1 

United Verde. 

M C J Sept ’27 

2 350 

44 

44 

0.8 

Old Dominion, Aria. 

I C 6237 

2 600 

44 

41 

9.8 

Argonaut, Calif. 

10 6311 

5 800 

44 

Inol 

9.9 

Plymouth, Calif. 

AIMEVol72 

3 000 

44 


10.7 

Mary. Tenn. 

IC 6397 

900 

48 

Vert 

12 .2(8) 

Black Rock, Butte. 

1 C 6370 

3 000 

44 

8 8 

10.3 

Bunker Hilt ft Sullivan.... 

AI M E Vol 72 

2 000 

4 8 

Ind 

13.1 

Tintic Standard. 

I C 6360 

1 300 

Cars 

Vert 

15.4 <e) 

Miami, Aria. 

A I M E Vol 72 

796 

Skips 

8 8 

1.3 

Morning, Idaho. 

I C 6238 

2 250 

8 t 

8 8 

4.4 


(/>) Questionable; too low. fb) Eatima^d from 81.1 lb coal per ton ore hoisted, (c) Dis¬ 
tribution on direct labor basis. 1 C ■■ Information Circular, V S Bur Mines. 
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23. DESIGN OF HBADFSAMES 

Type*. Headframes are of the A-type or modifioationa of it (Fig 66 and 65), or of 
the 4- or 6-poat type (Fig 64 and 66). The A-type is more eoonomioal in material, and 
the Btreaaea are all determiztate. The 4- or 6-poat type ia neoeoaary when the ahaft eom- 



Back Frame I-* 

Fig 55. Roiie Load Resolution 


partments are not in line with engine; that ia, when axia of drum ia normal to long dimen¬ 
sion of shaft. They are common in the Penn cool fields, where the compartments are large 
and so require considerable overhang of sheave to line up its rircumferenoe with center of 
shaft, and where there are often 4 compartments in a row. Where a rock-house or tipple 



is combined with the headframe, the 4- or 6-poBt type lends itself a little more readily to 
the construction. 


Special structures, falling within the above two elaaees, are eometiitteB erected to meet unuanal 
oonditions; for example, the concrete headframe (Fig 80). and the rook-houeca of the iron 
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and oopper diatrieta (SI, 52). Alao, framea fike those of Allen and Garoia (Mg 74), with single or 
narrow book-brooe, ore somettmes adTontageous. The main frame mi^ usually be olossifled aa of 
the A or 4'poet type, or aombinations of these, os where two or more bouts serve several shaft oom> 
portments not symmetrioolly piaoed, thus rsQuiring book brooing on more than one aide; or where 
the headframe is built into the tipple or crusher house. 

General prineiidee of design ore the same aa for any framed strueture. Severe condi¬ 
tions of mining and great variation of load require larger safety factors than ordinary 
struoturesk and ample thickness of section for steel members, because of the exposure to 
corrosion at mouth of shaft, from mine air. Minimum thickness of section is usually 
specified as t /4 in to in. 

Height is fixed by: elevation of cage landing or skip dump above surface; over-all 
height of cage or sidp, when in dumping position; and allowance for overwinding (Art 34). 
OvBBWiNDiNO A.i.umAVCi) depends chiefly on speed of hoisting, type of engine, and drum 
diameter. It-is usually specified in terms of drum circumference, but with drums of 20 ft 

or more diam, and where the ore is discharged 
to bins or crusher at a considerable height 
above shaft collar, this m^ give a prohibi¬ 
tive height of frame. For speeds under 500 ft 
per min, 8 to 10 ft is ample, although it is 
better to allow more if convenient. For higli 
speeds, a dearanco of 25 ft, from rope socket 
to sheave center, is rarely exceeded, where 
the landing is above the grotmd, and 35 ft 
where the landing is at shaft collar. At the 
landing portals, bracing is arranged to allow 
ample room for handling. 

Calculation of stresses. For A or 2-post 
frames, all stresses are determinate and are 
conveniently found graphically. Total stresses 
are due to: (a) Dbad liOAO, or weight of the 
structure and sheaves with their bearings 
(Art 5). Weight of frame is approximated 
from that of a similar headframe (Table 31, 
32), (by a preliminaiy estimate) and divided 
equally among panel points, (b) Wind load. 
Wind pressure is taken at 30 lb per sq ft for 
head-frames which carry a housing, and at 
50 lb per sq ft on the vertical projection of 
the members if not housed. 'Wind loads are 
considered as applied at the joints of mem¬ 
bers. (c) Live load, assumed as equal to 
one-half the breaking strength of the rope 
(see also Art 24 and 25). With 1 rope, each 
side of frame takes half the live load. With 
2 ropes (hoisting in balance), each side of 
frame takes the full live load of one rope, 
for 2-and 4-poBt frames, while with a 6 -post 
frame, having a central set of posts, the 
middle set takes the full load of one rope, 
and each side takes half the load, provided 
the sheaves are equidistant from the center 
and side posts. In the A or 2-poBt frame, it 
is sufficiently accurate to conmder the live-load stresses as acting at the intersection of 
front post and back stays; although, in the structure itself, the resultant of the rope 
stresses may not pass exactly through this point. Bracing in the side panels takes none 
of the live-load stresses. Diagonal bracing is assumed as being in tension only, in steel 
frames, whence the horix struts are compression members, though imder certain con¬ 
ditions they may act in tenrlon. In the 4- or 6 -post frame some of the stresses are stati¬ 
cally indeterminate, and for accurate design reference may be made to standard works on 
the subject (53). Fig 60 shows a method meeting ordinary requirements. The frame 
and its bracing are assumed to cany all the wind and dead load, excepting the wind 
stresses in transverse bracing of back stays. Since diagonals are considered as tension 
monbers only, redundant diagonals are omitted in calculations. 

It is to be remembered that the frame as is whole must be sufficiently stable to resist 
overturning by wind pressure. For this it is usually best to depend on width of base, 



Fig 57. 


Headframe Stress Sheet, Projection on 
Plane of Back Stay 
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Mtli6r tlian on nndior bolts, which may be weakened by corroffion. Maximom overtoming 
effect of wind will be in a direction paralld to the shortest dim Anidfin of the base area. 
’n>e total area in sq ft of all members exposed to wind, on boUi windward and leeward sides 
of frame, multiplied by assumed maximum horis press per sq ft, gives total press in lb. 
TI^ m^ be taken as a concentrated horis load, acting at the center of figure of the frame. 
It is resisted Iqr the wt of structure, including sheaves and bearings, multiplied by half the 
width of base. 

The position of the center of figure can be closely approximated in any given case. 
In proportioning the width of base, sufficient allowance should be made to cause the 



diagonal resultant of wind press uid wt of frame to fall well within the base area. The 
calculation is similar for a structure with housing attached to the frame. 

Graphic determination of stresses for an A or 2-post frame is shown in Fig 55, 56, 57, 
58, in which the loading on one rope is assumed as half the rope’s breaking strength and on 


Table 27. Maximum Stresses in Headfxlme Members 


Member 

Maxitnum 

tension 

—--- 1 

Maximum 

compression 

Member 

Maximum 
* tension 

Maximum 

compression 

Front poets 

0 

+45 700 

11-12 

0 

+ 6 900 

Back brace poete 

-3 000 

+ 63 000 

12-13 

- 8 000 

0 

l-Z 

-I 200 

0 

13-14 

0 

+10 300 

2-3 

0 

+ 2 250 

14-15 

-11 500 

0 

3-4 


0 

16-17 

- 1 700 

0 

4-5 

0 

+ 4 750 

17-18 

0 

+ 2 550 

5-6 

-5 200 

0 

18-19 

- 3 200 

0 

6-7 

0 

+ 8 700 

19-20 

0 

+ 4 700 

7-a 


0 

20-21 

- 5 500 

0 

•-9 


+ 4 300 

21-22 

0 

+ 8 500 

^10 

0 


22-23 

- 9 900 

0 

10-11 

-5 700 

0 1 

23-H 

- 4 000 

- 5 000 
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the other double the 'iraight of skip, omtente, and rope^ Shaft, 1 200 ft deep; ekip, 2 500 
lb; ore, 4 500 lb; 1-itt plow-eteel rope, 1896 lb; breaking etrensth of rope, 70 000 lb; 
ahwve, 6 ft diam. In Ilg 58, the wind load on aide of frame, oomlaned with t^ liro load, 
gives the maximum Btreesee in front poste and bracing. Bracing in front and back dbva* 
tions takes none of the dead load. Weight of frame is estimated as 50 400 lb, and stresses 
due to dead load, and wind pressure from the rear, as shown in Pig 56, give maximum 
upUft at foot of back brace if the ropes should at any time be removed from the sheaves, 
lig 57 shows stresses in back brace due to live load and to wind pressure on one mde. 
Bases of posts are usually made normal to plane of front and back of frame. Combining 
the reactions at foot of one back post gives maximum uplift normal to the base of 10 500 lb, 
a maximum pressure of 61 900 lb, and a shear on anchor bolts at right angles to normal 
pressure (or tension) of 10 000 lb. Similarly for the front posts maximum normal pressure 
on the baM is 48 200 lb and shear 8 900 lb. 



Fig 59. Main Stresses in a 6-poet Frame 


Four- and six-post headframes. In these, nnce live and wind-load stresses are inde¬ 
terminate in some members, either the tower, or the A-frame made by the middle bent 
and back brace, may be considered as carrying all wind load from front or back. In first 
ease, diagonal bracing between back brace and tower is superfluous, because the struts 
transmit wind pressure from back brace to tower; in second case, struts between front and 
middle bents transmit wind pressure from the front. Wind pressure from the side is 
oanied Iqr each bent and its bracing in proportion to the suiface supported by each, 
and the stresses are determinate in a 4-post frame. In a 6-poBt frame the center post is 
redundant, and wind stresses may be assumed as transmitted to the outside posts and 
the bracing between them. 

Approximate determination of live-load stresses (Fig 60). 1. Resolve resultant of 
rope stresses at sheave center into its horisontal and vertical components. 2. Deter¬ 
mine equivalent reactions due to total vertical component at front and middle bents. 
3. Combine vertical reaction at middle bent with total horisontal component, thus tnakio g 
a new resultant through intersection of middle bent and back brace. 4. In these, deter¬ 
mine stxesses due to new ''csultant, as in case of an A-frame. 

Fig 80 shows this resolution of stresses in the plane of one rope and sheave. Taking a S-poet 
frame, and eoneidering both ropes lostded with 100 000 lb, vertioal reaotiona at top of each p'sst are 
shown in (5) and (e), and in idane ot back braee in (a). If back brace Is placed near resultant, this 
method ^vee lees strees due to live load in middle bent than in the front, but in practice the middle 
bent ia uanally made of same ium memben ss the front. Dead and wind-load streesm with wind 
from the side are greatest ia middle bent. As exact ealeulatioa of streesee in statically indeter- 
miaats struoturea depends on rigidity of the struoture, this approximate method may be used to 
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detariBiiM tfaa veotions of meuben, ond oa batis of ti>« aeotioEa so foondt straa s es an exaetly oaleii* 
latad. lftiwa«)ctioaof aBynMmb«‘iaun8aitabla,noalaalatabytha‘‘aiethodcdleaatwork.'’ Straaa 
aad daaisa featuras of Buraka Staadard baadtnuas an abowa ia Fi( 61, 61a CS7). 



Temporary headframes for dovelopmeiit and shaft sinking are of wood, which costs 
less, is usually readily obtained and quickly erected. Height depends upon method of 
disposal of the rock, and sise of ore bucket. Simplest form. suitaUe for a whim in sink- 
ing test pits, is a tripod of 3 light posts. A small frame used in Joplin district (Fig 62) 
has 4 equally inclined pr>sts, without a back brace; the hoist being placed dose to diaft 
mouth, so that the resultant of the rope pull falls well within the base. Fig 63 shows 
the Montana type, which may be modlified for alinoet any condition; Fig 64, a 4-post and 
back-brace frame. Fig 66 shows an A-frame, for an inclined shaft at West Dome 
mine. Porcupine, Ont (64), combined with an ore bin; height, 40 ft; hewed poateh 
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Side Elevation -aJa -*Jc ® Section B-B © ® Section C-C 

61. 86-ft Steel Headframe, Eureka Standard Mine, Dividend, Utah (37) 
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10 X 10 in, witb n batter of 1 : 8 to 1 : 10. Poata are tied with 3 girts and a cap, 
back braoe with 2 gbts, 14n bolts and tie rods. Front posts are assumed to carry no 




FRONT ELEV SIDE ELEV 

Fig 63. Timber Headframe; Montana Tsrpe 
(Ketch um) 


load, being simply extensions of the bucket skids. This frame costs about $150, exclusive 
of bin (1913). 


* • 
jit* It 




It I u 


Fig 64. Four-post Frame, with Back Braoe 


Design of timber headframes. For 4- and O-post frames the tower is often designed to 
accommodate the sheaves entirely within the top framing (Fig 64). Otherwise, the sheave 
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girden an earned on short p<^ Mt on a girt in plane of middle bent. For 2-po8t framea 
the aheavee an supported as in steel frames (Art 25). Fig 67 shows top of 2-poBt frame, 
for single-oompartment shaft, and working load of 8 000 lb. 

Fig 68 shows details of a timber headframe, with tandem sheaves, working load 0 000 Ib on oaoh 
rope. Mortise and tenon trenailed joints, with tie rods, make neat oonstruetion, but reduce strength 
of timbers, and labor cost is greater than for gained joints with bolt eonneotions. For the latter, 
the braces are gained 1 to 2 in on the poets, with plenty of bolts. Strength of tension members 



Fig 65. Firame for Inclined Shaft, Fig 06. Headframe and Orebin for Development 
Porcupine, Ont {Mint* A Min) 


depends more on bearing area of the bolts than sectional area of timber. Malleable or sted eastings 
at jmnts make strong connections. Steel-plate brackets are not so good as eastings. Columns 
standing directly on the foundation are anchored by angles on opposite aides of the post and bolted 
through. If resting on silla, columns are similarly anchored to the sill, which in turn is bolted to 
foundation. A oast pedestal, recessed to receive foot of post, is also recommended. Solid timber 
is best for main posts, but built-up columns may be used. Allowance for reduction of section by 
mortises and bolt holes must be made. 



Factor of safety should be douUe that allowed fqr dtdinary struetures, taking into 
account total rope load from idl cauaea. Or, aince headframe should be stronger than the 
rope, ultimate atrength of frame is made twice breaking strength of rope (Art 26). 

Allowable unit atressea and strength of members. For timber headframes M. S. 
Ketchum (53) gives Table 28. Formula 38 gives allowable streaaes for dead load, which 
applies to live load when properly converted to dead load (Art 14). Length of columns 
should not exceed 45 times least dimension. Unit stress for lengths of more than 10 times 
least dimension is found 1^: 

Pm, C-{Cl + lOOd), (38) 

where C -■ unit stress for short columns (Table 28); P ^ allowable unit stress, lb per 
sq in; 1 — length of column, in; d m, least side of column, in. Assoc of R R Superinten¬ 
dents of Bridges ft Buildings recommended (1895) the safe unit stresses in Table 29. 


Formula 89, for wooden columne, is based on that of the Division of Fwestry, U S Dept ot 

700-use 

^ ^ ^ 700 -I- 18 C + C« ' ' 
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iawhiohP ■■ idtimatestr«Bgtli,lbp«raqin; F ultimate eruabiacBtrenctli of timber; C m 1 + d; 
I V length of column, in; d ■■ least diam. in; F * 5 000 lb for white oak and long-leal ydlow pine, 
4 hOO lb for Douglaa fir and short-leaf pine, 4 000 lb for red pine, spruce, hemlock, California red¬ 
wood, and 3 600 lb for white pine and cedar. 


Table 18. Allowable Worlditg XToit StreaaeB for Dead Loads, lb per aq In 


Kind of timber 

Trans¬ 
verse 
loading, 5 

End 

bearing 

Columns 
under 
to diame, 
C 

Bearing 

acroBB 

fiber 

Shear 

Modulus 

of 

elaetioity, 

B 

Parallel 
to grain 

Longi¬ 
tudinal 
■hear 
in beams 

White oak. 

1 200 

1 200 

1 000 

450 

200 

110 

1 ISO 000 

Long-leaf yellow pine.. 

1 300 

1 300 

1 000 

mim 

180 


I 610 000 

White pine and spruce.. 

1 000 

1 000 

800 



Ha 

1 130 000 

Western hemlock. 

1 000 

) 000 

800 

200 


100 

1 480 000 

Douglas fir. 

1 200 

1 200 

1 000 

350 

ISO 

tto 

1 510 000 


Table 39. Ayerage Safe Unit Stresses 


Kind of Timber 

Tension 

with 

grain, 

lb 

Compression 

Transverse 

extreme 

fiber 

streee, lb 

End 

bearing, 

lb 

Columns 
under 15 
diams, lb 

Aoroee 

the 

grain, lb 

Faotcu- of safety. 

10 

5 

5 

4 

6 

White oak. 

HE'H 

1 400 

1 000 

500 

1 200 

Long-leaf yellow pine. 


1 400 

1 000 

350 

1 200 

White pine. 

700 

1 too 

700 

200 

700 

Douglas fir. 

800 

1 100 

900 

200 


Hemlock. 

600 


800 

150 


California redwood. 

700 


800 

150 

1 750 


-10 2 - 



Fig 68. Headframe with Tandem Sheaves 


Cost of wooden headirames (Table 30} varies more widely than for steel, due to vari¬ 
ation in ooet of timber, which ranges from $35 to $100 per M bd ft. With carpenters at $6 
per diQT, cost of erection will be from $40 to $50 per M bd ft. Cost of ironwork, bolts 
and nails, depends on design, averaging say $20 per M bd ft of timber used. 

Comparisons between wood and sted bendframes can be sharply drawn for special eases only. 
Wooden frames are cheaper in first cost and total erection time, considering time required to obtain 
the material, while eteel frames are fireproof and much more durable. Unleae given preeervativa 

















































Table 30. Examples of Timber Headframes 
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trMtmsnt, wooden framee deeay rapidly, and are a aouroe of danger in oaae of fire. They are now 
aeldom bi^t, except for teiiy>orary work or abort lived minea; for large tonnage, and when life of 
mine will exceed that of a wooden frame (aay fi-20 yr, depending on climatic conditione), the greator 
fiiat coat of atcel ia juatified. The difference in coet ia leaa than formerly, due to inoreeaed coat of 
timber. Aa the atrength of ateel is known vdtfain much doeer Umite than that of wood, the design 
can be made with more eertaiaty as to safety of the structure. Large allowances must be made for 
the variable strength of even the same kind of timber. It is difficult to retain full strength of a 
timber member at joints, without use of special ironwork which may make the coet approximate 
that of an all-wteel structure. Damage to a wooden frame can ueoally be quickly repaired by 
materials and tools at hand. Since joints of wooden frames tend to loosen, from the action of 
moiatttre, and from seasoning, steel makes a more rigid structure for high frames. A wo^en frame 
ean be erected by local carpenters, while a steel frame requires services of expert erectots. 
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26. STEEL AND CONCRETE HEADFRAMES 

Detailt of design. CroBs-seotioiu of posts and main bracing are determined as in 
Art 23; thep sheave girders, post bases and guide supports are designed (see See 43). 
Table 31 gives types of seotions of members; angle or H-sections often used for posts 
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Table 31. Examidea of Steel 


1 

iz 

Name and 
looatioo 

Year 

erected 

Shaft 

Weight 
(of cage 
or akip) 
and 
ore, 
lb 

Diam 

of 

rope, 

in 

Diam 

of 

sheave 

Type 


Hoist¬ 
ing 
speed, 
ft per 

min 

Incli- 

oation, 

deg 

No 

hoisting 

com¬ 

parts 

Depth, 

ft 

1 

St Lawrence, Mont. 

1897 

K1 

2 

2 100 

21 000 

7XV2 

lO'-O" 

A 

97-0 

2200 








Hat 

1 




2 

Con Coal Co, Caretta, W Va 

1925 

90 

2 


35000 


l2'-0" 

4-post 

91.6 


3 

Anaconda, Mont. 

1896 

90 

2 

2400 

21 000 

7X1/9 


A 

58-8 

2 200 








flat 

1 



4 

High Ore, Butte, Mont. 

1898 

90 

2 


19 000 

7X1/2 

lO'-O" 

A 

100-0 

2200 








flat 





5 

Stewart, Butte, Mont ... . 

1898 

71 

2 



7x1/2 

7'-6" 

A 

55-0 








flat 





6 

Montain View, Butte, Mont 

1899 


2 


21 000 

7X1/2 


A 

80-0 

2200 


1 





flat 




7 

Basin d; Boy State, Basin, 

1899 

90 

2 




lO'-O" 

A 

70-0 



Mont 











B 

Second Speculator, Butte... 

1899 

90 

2 


21000 

Round 


A 

50-0 

2200 

9 

Union shaft, Vifginin f^ity, 


90 

2 

2 000 

4 150 

1 

7'-0" 

A 

500 

1000 


Nev 










10 

I'tah'Apex, Utah. 

1 

1917 

90 

3 

1 500 

14 000 

11/8 

7'-0" 

A 

50-0 

1 

1500 

II 

Copper Queen, Bisbee, Arie 

1906 

90 

2 main, 

1700 

9700 

1 V4 

7'-0" 

A 

60-0 

1900 


1 



1 aux 








12 

XnJsnd Steel Co, Hibbing. 

1908 

90 

3 

185 

10 400 

1 1/8 

6'-0" 

A 

76.0 

500 


Minn 











13 

Tonopah'Belmont, Tono- 

1911 

90 

2 


10700 

1 

7'-0" 

A 

75-0 

920 


pah, Nev 











14 


1915 

90 

3 


13 000 


8'-0" 

A 

lOOO 



Cal ’ 











15 

Pmnpnet erilliiMyj WitIrMb. 

1898 

90 

2 



11/4 

6'-0" 

4-poBt 

61-0 


Barre, Pa 









16 

Lebigh ic Wilkee*Barre Coal 

1899 

90 

2 

315 

13500 

11/2 

12'-0" 

6-poBt 


2300 


Co, No 9, Sugar Notoh, Pa 

1 








■ 


17 

Phil1i|W min«, S W Pa . 

j 

i. 


2 

268 


H/8 

lO’-O" 

6-p08t 




m 

1 

1 

1 




1 
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Dimensioiii 


Vertiesl Back 

ixats bnce 


4Zb, 6X Siuae 

Vie; I H. 

I51/»XVi 6 
4 Ls, 2 12 m Cs; 
3X4XVie I 4X3/8 PI 

4 Zb, 6X Same 

3/8: 1 PI, 

8X3/8 


1 cover PI, 2 OXV 16 

2 web Pb, I8X Vie 


Dimensiona boriiontal and diasonal bracing 


Die. 
tanoe, 
back 

horiiontal .. and hack to 

BtrutB diagonah brace. 


2 12 in Cs 2 9 in Cb 


2 Lb, 
5X3X3/ie 




Coat 

Weight, ereeted 
with, without 
out aheavea 
aheavea, and 
Ib founda¬ 
tions 


tl7000 tim 


61 38 


74700 2 755 


292000 8940 



2 9 in CTa 


2Ph, 

20X3/8: 

2 15 in Ca 

2 9 in La 2 10 in Ca 
2 7 in Cs 2 8 b Cs 


»/ie: 4 L a, I c/ig: 4 La, 
4X3X6/16 


Front I L, 

4X3X6/16: 
Back 2 La. 


83 45000 1 2 327 


183000 7 320 


31 no 79 000 3 857 


75 42200 2500 

... 42000 . 


2 10 b [j 12 12 in Ca; I 2 8 b Ca 


18bLs 2l0bCa 26bCs 


3V2X21/J1 2C8, 3X2X1/4 

10 or 6 in: 


2l0inCa 210bCs 2 Ca, 2 Lb, 4X 26blj 2 La, 34 

5 or 6 b 3X6/ie or 4X3x8/i6 

31 / 2 X 21/2 or 31 / 2 X 

X5/ie 21/2X6/16 

29b Ca 212b La 26inCs 2 La, Front 2La, 2 La, 39 

or 2 La, 2 1 / 2 X 21/2 5X3X6/i8: 21/2X2 1/2 
21 / 2 X 21/2 XI /4 Back, XV4 

XI /4 2 6 b Ca 

2 10 in Ca 2 12 in Ca | 2 6 or 8 in Sane 2 6 w 9 in La or Cs 55 

Ca Cs 

2 La, Same Same Same .»... 

6X4XV16 

4 La, 

4X3X1/2 

2 Ls, 2 La, Ca 1 L, Ca, I L, 41 

5X3X3/8 6X6XV2 6X3X8/8 6X3X8/8 


. 15000 

bdud- 

bg 

fonnda- 

tbna 


39 ISO 79000 5 000 


4 a. 



100 65000 6 920 


116 ... 


60 350000 16175 

bclud- bclud- 
ing i&g 
trestle trestb 
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■heave (Art 14), plus wt of dieave. For the front and back orosa girders supporting 
sheave girders, (^annels work best into the design. Sheave girders and top of frame are 
often covered by a steel-plate floor, in which case the horiz component of rope load goes to 
intersection of back brace and posts, and cross girders on back brace are omitted (Fig 69). 


Table 32. Statistics of Headframes in Butte District (37, 56) 


Shaft 

Weight, lb 

Capac¬ 
ity of 

Depth 

of 

Cage 

Skip 

skip, 

ton 

shaft, 

ft 

Anaoonda. 

4 000 

8 500 

5 

2 800 

Badger State. 

4000 

10500 

7 

3 500* 

Belmont. 

4 000 

10500 

7 

3400* 

Belmont (old). 

3800 

8900 

5 

3 400 

Berkeley. 

3900 

8500 

5 

3200 

Black Hock Mo 1... 

3 800 

10000 

10 

2800 

Black Rock No 3 . 

3 800 

10000 

10 

2800 

Diamond. 

3850 

8960 

5 

3 400 

Elm Otiu . 

4000 

10000 

7 

3300 

High Ore. 

3 850 

8 960 

5 

3400 

Leonard . 

3800 

8500 

5 

2 800 

Mountain Con .... 

4000 

10 500 

7 

3 600* 

Mountain Con (old) 

3 850 

8900 

5 

3500 

Mountain view .... 

4 000 

IIOOO 

5 

2 600 

Never Sweat. 

3 200 

5 700 

31/2 

2 800 

Original. 

3 900 

7800 

4 

3 800 

Orphan Girl . 

3 050 

no skips 


1 000 

Pennsylvania.. 

3 500 

8 500 

5 

3400 

Bttsmont . 

1 250 

3 875 

5 

1 600 

St Lawrence. 

3 900 

7000 

7 

2100 

Speculator. 

2100 

11 000 

5 

2 800 

Stewart . 

3 800 

8500 

5 

3 800 

Tramway. 

3 850 

8 500 

5 

2800 

West Colusa .j 

3 500) 

2 200 ) 

no skips 


2 200 


* Hoisting instaUatioix, designed for depth of 5 


Ore 1 
hoisting 
speed, 
ft per 
min 

Hriglit 
of head¬ 
frame, 
ft 

Weiglit 
of head¬ 
frame, 
lb 

Diam 

of 

sheaves, 

ft 

Sise and tvpe of 
hoisting rope 

2 200 

58 82 

74,700 

10 

7 1/2" X 1/2". flat 

2 800 

129.5 

256000 

12 

1 </%" diam, id 

2 600 

129 5 

256 000 

12 

1 Vs," diam, rd 

2 250 

114 

timber 

10 

7 1 / 2 " X 1 / 2 ", flat 

2600 

80 

timber 

10 

1 1 / 4 " diam, rd 

2 600 

152 

250 000 

10 

1 1 / 2 " diam, rd 

2 600 

152 

250 000 

10 

1 1 / 2 " diam, rd 

2800 

100 

318000 

10 

6 " X 1 / 2 ", flat 

2600 

94 

650001 

10 

6 " X 1 / 2 ", flat 

2()00 

100 

292 000 

10 

6 " X 1 / 2 ". flat 

3000 

141 

346 425 

12 

1 1 / 2 " dura, rd 

2 800 

129.5 

256000 

12 

1 7/g" diain, rd 

1 000 

100 

timlwr 

10 

1 1 / 4 " diam, rd 

2200 

80 

183000 

71/21 

7" X 1 / 2 ", flat 

2600 

100 1 

315 000 

10 * 

11 / 4 " dum, rd 

2 600 

112 1 

318000 

10 

11 / 2 " diam, rd 

1 500 

70 

79000 

7 

1 " diam, rd 

2 800 

100 

315000 

12 

1 1 / 2 " diam, rd 

2600 

58.5 

41500 

8 

6 " X 1 / 2 ". flat 

1000 

97 

117000 

10 

7" X 1 / 2 ". flat 

2 200 

50 

42 200 

10 

1 1 / 2 " diam, rd 

2800 

too 

292000 

10 

1 1 / 2 " diam, rd 

2800 

100 

315000 

12 

1 1 / 2 " diam, rd 

2800 

100 ft. 

50 

43000 

10 

4" X 3/8". flat 


Support of sheaves. With large sheaves, projecting over back of frame, back cross 
girder must be dropped to clear sheave, and sheave 
girders then rest on plate diaphragms, with angle 
slifleners extending up from cross girder. Fig 69 
shows details of this standard design, for Ralph 
shaft, H. C. Frick Coke Co, by American Bridge Co. 

Other designs are in use, probably with no increase 
in wt of material, but at increased cost for shop 
work. Instead of I-beams, deep plate girders some¬ 
times support sheave bearings, resting directly on 
the cross girders, but with no siweial advantage. 

When sheaves must be in tandem, upper sheave 
girders are carried at the back by auxiliary isists 
in plane of back brace (h’ig 70); or, upper sheave is 
supported on an auxiliary tower on main frame. 

Fig 74 shows an A-frame, designed by Alien & 

Garcia, with tandem sheaves, the back brace licing 
extended to bearings of upper sheave, and the lower 
one carried on brackets on back brace. This frame 
is built into the tipple, and lower half is concreted. 



Fig 75. 


Iloriz See of Frame, showing 
Guide Supports 


As upper half is braced by tipple frame, its width (5 ft) is much less than would otherwise 
be possible for stability. 


For A- or 2'poet frames, sheaves may be supported by plale-giider diaphragms, carried on cross 
girders on front posts and bark brace. If diam of sheave permits, its bearings arc bolted to front 
of diaphragms; if not, they are plaeed on top. In first cose, diaphragms may be braced to the posts 
by front and back plates. Another cross girder connects front posts above the sheaves, and the 
diaphragms are extended to it. In second case (Fig 71 and 72), the front posts need not extend 
above sheave bearings, unless they are to carry brackets for crab rail for changing sheaves. Fig 71, 
72 refer to headframes No 7.12, and 11, Table 31. Fig 73 shows a tviiical A-frame. Butte, Mont. 
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limestone maeonry, 400 lb per sq in. There should be at least 2 anchor bolts at foot of each post. 
Fig 78 shows details of base for a oolumn of two 10-in latticed channels, for a back brace, and Fig 79 
an anchorage for front post and back brace. Sometimes a C-I footing is placed between base and 
foundation, but without advantage for steel frames. 

Safety factor must be larger than for ordinary structures, because of vuying load and 
indeterminate stresses (Art 23). Kotchum (53) recommends a factor of 4 for dead and 
wind load, and 8 for live load (live load being taken as twice tlie wt of cage and con¬ 
tents, plus wt of rope, plus load due to cage and rope friction); or, a factor of 2.66, if 
breaking strength of rope or ropes be used instead of live loud. If unit stresses for wind, 



Foot of Post Foot of Back Brace 

Fig 70. Anchorage for Headframe 


dead and live loads, are added the total unit stress should not exceed the allowable unit 
stress for dead load by more than 25%; that is, the combined safety factor should not be 
less than 3.2. If the basis of bi'eaking strength of the rope be used, wind-load stresses 
may be neglected, except as regards overturning of the frame. 



vsRT SEC elevation siiHroscnresT 

Fig 80. Concrete Headfrhme, Curry Shaft. Penn Iron Mining Co. Vulcan, Mich fE Jt M Jour) 


A rational method is to design for an ultimate strength equivalent to twice breaking strength of 
rope. Then, by assuming the live load as half the rope’s breaking strength, with a safety factor of 
It for all Btreeses, the live, dead, and wind loads may be combined. This is convenient in seleoting 
proper sise of member from structural steel handbooks, the tablee of which are usually calculated 
with a safety factor of 4. 
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Allowable unit stremea, with a aafety faetor of 4 (live load being converted to eqiiiv 
dead load) are: for tenaion, 16 OCX), and for compression, 16 000 — 70 (f r), both in lb 
per sq in; where I « length of member, in, and r >» least radius of gyration, in. Length 
of compression members should not exceed 100 r for main members, nor 140 r for secondary 
members. Following values recommended: 

Rivets and pins, bearing. 22 OOO lb per sq in 

Rivets and pins, shear. 11 000 " “ “ " 

Fins, bonding, on extreme liber. 24 000 " “ “ " 

Plate girder webs, shear on net section. 10 000 “ “ “ " 

In designina the Ralph headframe (Fig 69), the American Bridge Co used following unit stresses 
for transferring breaking load of the ropes from sheave supports to headframe posts: tension and 
compression, 2d OOU; rivets, single shear, 15 000; rivets, bearing, 35 000; all in lb per sq in. 

Examples and costs of steel headframes are given in Table 31. Costa apply to the 
year erected. A Arm specializing in design and construction of steel mine structures 
recently quoted: Per net ton fabricated steel, $100; erection, including tools and insurance, 


GIrdor to e«rry S 


lO/gH" 



$45; shop drawings, $30; painting (materials and labor), $10; engineering, $15; total, 
$‘200 per ton. 

Concrete headframes, with members reinforced by steel bars or wire rope, have had 
some Hptdiration in recent years (52). In general they conform to the lines of steel and 
wooden frmnes, except that diagonal bracing is usually omitted, the dead wt and mastdve 
structure providing for stability. Matbriaia lor the concrete should be of the best; use 
of mill tailing.s for aggregate is not permissible unless tests determine their fitness. Old 
hoisting rojH' is suitable for reinforcing, if thoroughly cleaned of rust Rnd lubricant. 
Standard icinforcing bf,s. however, lend themselves to the different foima and their 
properties are fully known Design, as in steel and wood, depends on local conditions. 
After computation of stresses in usual way, taking into account that dead load usually 
exceeds rope load, the member.s are designed as for reinforced concrete stnictures. Advan¬ 
tages are permanence, non-combustibility and resistance to atmospheric conditions or 
corrosive gases from the shaft. Absencu of diagonal bracing (Fig 80) leaves more room 
for portals, and pennits most desirable arrangement of bins and tracks. Rigidity and mass 
of the structure prevent vibration from dumping skips or cars, or swaying from wind and 





























Kg 82. Steel Headframe without Back Legs, Bellevue Breaker, Glen Alden Coal Co, Scranton, Pa (37) 
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rope Btressefl. Comparing unfabrioated steel and t^e raw materials for concrete, the lattei 
can be erected more quickly, especially if faat-setting cement is used. DisAnvANTAOBS. 
As concrete is not a hamogeneoiis material, design can not be made with the same definite- 
ness and as small a factor of safety as for steel: also, alterations are less easily made than in 



Fig 83. Steel-pipe Headframe (37), Metals Reduction Co, Piochc, Nev 


a steel frame, which can readily be strengthened to carry a heavier load than as originally 
designed. 

Unusual headframes. Fig 81 shows an unusual installation (37) at the Lansford 
Colliery, Lehigh Navigation Coal Co, where two frames at right angles to each'other serve 
a common shaft; Fig 82, a headframe without back legs, and Fig 83 an ingeniouB head¬ 
frame for 2-ton loads, built of scrap pipe, at cost of $150. 




26. CAGE GUIDES AND SKIP TRACKS 

Wooden guides for vertical shafts are common in American mines, where output is not 
large nor hoisting B]>eod8 excessive. Long-leaf yellow pine is the best wood, because of 
strength, hardness, and straight grain. Oregon pine is also good. 
Oak may splinter, warp, and twist out of line in seasoning. Hed or 
Norway pine is best of the soft woods. Size of guide depends 
on wt of cage and hoisting sjieod. For small cages and slow speed, 
4 by 4 in is sufficient, 6 by 8 in being about the max for heavy 
hoisting. Gtiides must be dressed to uniform size, thus reducing 
actual dimensions about 0.25 in from the rough. Length should 
be such that splices come at the shaft sets; though if the splice be 
long, this is not so essential, pro\ided shaft sets are not more than 
say 4 ft apart. Cusabance between guide and cage shoe depends 
upon care with which shaft sets and guides are alined. Greater olear- 
anco is needed on face than edges, as gage of guides is difficult to 
maintain if timbers bend in heavy ground; 0.25 in clearance on edges 
and 0.5 in or. face is usually sufficient. Fastening to shaft bets is 

V««' ^ 



oAM'Vvv 




rf'— 

1 



1 . 


I7g 84. Fastening of 
Wood Guides 



Fig 88. Slotted Guides 
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oonunoaly by 1 or 2 lag screws, with countersunk heads (Fig 84). The penetration of 


lag screw into bunton should be at least equal to thickness 
of guide. Use of galvanised lag screws facilitates remo'ral 
and replvement of guides. Iron angles may be used for 
fastenings, bolted to both guide and shaft timber (Fig 87). 



CENTES OIVtOEfl CENTER BRACKET 



Fig 86 


Fig 87 


Examples of wooden guides. At No 2 ahaft, Hancock Consol Mining Co, Mich, guide face is 
slotted with lag screw beads countersunk in slot <Fig 8S); if a screw becomes loose it will work down 
this slot, instead of sticking between guide and show. These guides are backed by studdlee between 
the dividers. Fig 87 shows fastening for guides at Tobin & Dunn mines, Mich, Lag screws are 
6/8 in. The 3 by 3-in angle is placed every 10 to 15 ft. bolted to guide by 0.5 by 0-in bolta, and to 
^vider by 0.5-in lag screws. Fig 86 shows method at Indiana mine, Mich. Guides are 5 by 6 in, 
in 32-ft lengths, with butt joints; brackets, >1/16 hy 5 in. On the Rand, So Africa, the standard 
wooden guide is i by 8 in (1). 

Guide joints. Fig 89 shows joints used on tbe Rand and elsewhere, for 4 by 8, 5 by 6, 4 by 6. 
and 4 by 5-in guides. At Butte, M ont, guides are usually 4 by 9 and 5 by 9 in, fastened by two V/g 
by 8 or 7/g by 9-m lag screws at each shaft set. 

Steel guides eu-e rapidly coming into use for heavy hoisting, especially in concrete- 
lined shafts. They wear better than wood, have better aiinement, and are non-combus¬ 
tible; safety catches, if of correct design, work satisfactorily. As steel guide dimensions ate 
not changed by moisture, clearance between cage shoe and guide may be smaller. 



Fig 88. Bracket Support for Steel Rail Guides, 
Rand (Vaughan) 


Different forms of rolled sections are used, 
but standard T-rail is common. Roils are 
bolted to buntons and connected by standard 
splice bars, since only the rail head serves aa a 
guide. Wt of rail, 60-100 lb per yd. In a 
concreted shaft, Rosedale mine, Cambria Steel 
Co, Pa, 100-lb T-rail guides are carried by 8-in 
channels (57). Fig 88 shows bracket support 
for HO-lb rail guides, in No 4 shaft (cylindrical), 
of City Deep mine, Rand (1). 

Wire-rope guides, preferably of locked-coil 
type, are often used in Europe for shafts of 
circular section. At Dalton collieries, Rother¬ 
ham, England, the shaft is 21 ft diam and 
2 238 ft deep. Cages are 3-deoked, 18 ft high, 
and carry 7 tons of coal. At each corner of the 



Fig 80. Joints for Wooden Guides 


sage is a loeked-oml rope guide, under 14 tons tension: and bstween the eagea, to prevent coUisioii 
at passing point, hang 2 rubbing guide ropes under rimilar tenmou. 

SUp tracks for inoUaed ehafta, if at a iHtch not exoeeding 30", are built like surface 
tracks, except for measures to prevent downward creep of the rails. Notching rail flanges 
for spikes at 2 or 3 places in a rail length is generally sufficient. If shaft timbering includes 
Rilla, roils rest on these widi 1 or 2 intermediate ties, and are lined up with w^ges. In 
fthwmee of timbering, every third or fourth tie must be “hitched” into side walla of the 
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ahaft. Rails not lighter than 30-lb should be used, even for li^t skips and slow speeds; 
45 and 50-Ib rails for heavier work. Conorktb btbinoebs for skip tracks'are replacing 
sills and ties, for heavy service and when the life of the mine warrants added cost. 

Fig 90 shows stringers and mode of fastening rails at Mohawk and Wolverine minin. Upper 
ends of the diagonal bolts are not exposed to injury by derailment of skip. Bolt holes are made by 
inserting rods Vg in larger than the bolt, and withdrawing them when concrete is partly set. Fig 00 
also shows the form for molding upper part of stringer, with blocks attached for forming the recesses 


Sat Ties TOP OF FORH 


SiOE OF FORM 

Fig 00. Skip-track Concrete Stringer and Form (,E A M Jour) 

for nuts and washers. 2 by 4-in creosoted blocks are set in the concrete, t in deep and 18 in apart, 
to cushion the rail. Concrete of 1 : 2 : 5 is mixed on the level above, and poured down troughs to 
desired point. In 24 hr 6 or 8 men can build 100 ft of double-track stringer. On btxxp snopu 
H is difficult to hold the rail. At Copper Range shafts, pitching 70”. the method shown in Fig 01 
•nd 01a was devised. The rail rests on a 8 by 10-in longitudinal stringer, set in the concrete base. 



• klOBfariiiger! 





t 7**'Er« Bolts 

Fig 91. Copper Range Skip I'rack (Longit Sec) 

Three notches on each side of rail receive the spikes, and C-I chairs B (Fig 01a) prevent spreading 
of rails. The wooden stringers are bolted to the concrete at 8 ft-intervals. Access to nut end of 
bolts is through 3 by 4-in iron boxes, set in the concrete. Bolt heads are countersunk in the stringer 
and covered by the rail, so that they can not be broken off. The concrete is anchored to footwall 



Fig Ola. Copper Range Skip Track (Croes-sec on E-F, Fig 01) 

26 ft, by eyebolts set in holes in foot wall (Fig 01). In building the forms 2 by 6-in crosspieces 
set to grade, on which the wooden stringers are laid. Concrete mixture is 1 :2 :0. For 
ir illustrations, see Bib 37, Chap 21. 

27. HOISTING SIGNAL SYSTEMS 

Signals in ns# and recommended for metal mines (58) are shown in Talde 33; signals 
in use and recommendeo lor coal mines (59), Table 34. Modifications to provide for 
hoisting or lowering from and to different levels are generally made by the local manage¬ 
ment or by telephonic communication with hoistman. 

Beil wire and gong operated by hand is cheap and positive for a few levels, or depths 
not exceeding 400 or 500 ft. Beyond thio the springs or weights to counterbalance wt of 
bell wire require a heavy pull; and the man giving the signal is not sure it has been properly 
recmved or understood by the engineer. Light galvanised guy strand. 0.156 to 0.25 in 
cUam makes the beet bell wire, though it is quite stiff, and changes of direction should be 
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made by bell oranka, not by sheaves. Wooden cleats are better than iron staples to hold 
the bell wue to shaft timbers. Fig 92 shows usual arrangement. 


Table*33. The More Important Signals (No of Bells) Prescribed by Law or in Common 

Use in Metal-mining Districts (58) 



(a) 8lato code. (1>) Comnion use. (c) Dickinson Co. (d) CuRcbie Co. Iron Co (iccotn 
by cotnm of m^rs). (/) Keweenaw Co. (g) Marquette Co (leading company). (A) Crow Wing 
Co. (t) .St l.ouis Co. (j) Salt company, {k) Large iron company. {Ij Or rcleuse shaft con¬ 
veyance. (»w) Where rcpestiiiK system not used, (n) Or empty cage, (o) As during repair, 
(p) Joplin dist. (g) And move by verbal order.s only. 


Table 34. Standard Signals for Hoi :ting and lH>wering in Coal Mines (.'39) 


Signal from shaft to engineer: 

1 Bell—Hoist; or stop if hoist is in 

motion. 

2 Bells—Lower. 

3 Bells—Mon to be hoisted. If men 

can bo hoisted, the engineer sig¬ 
nals to eager with one tell, who 
then admits men to the cage, and 
gives signal to hoist, tine bell. 

4 Bells—Hoist slowly—danger. 

5 Bells—Accident in mine; send in 

stretcher. 


Signals from engineer to shaft: 

1 Bell—Men can get on cage. 

2 BeUs—Send up enijity cage. 

Other signals as needed may be ar¬ 
ranged by mine oflicials with approval of 
mine inspector. They must he added to 
the list iKistcd at landings and in engine 
room. 
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Pneamatic sisnals are largely uaed in ooUieriea in eastern and middle atatea. Ordinary 
pipe and fittings are uaed between etations. A stroke of the hand {dunger in oylinder A 
(T^g 93) slightly compresaea air in the pipe, causing all the gongs of the system to ri^ and 
the whistles to blow. The pipe may also be used as a speaking tube. 



Fig 62. Bell Wire and Fig 63. Pneumatic Bell and Fig 04. Low-voltage Eleo* 

Gong (37) Speaking Tube Hyatema (37) trical Signal Layouts 




This method is reliable, with practically no maintenance expense; not affected by water, and 
accidental signals can not be given as in some electrical systems. No indicator can be used, as in 
electrical systems, to supplement l>eU signad. Cost for each station outfit (Fig 03), not including 
piping between stations, is approx: 300 ft signaling distance, $.'10; 800 ft, (35; 1 500 ft, 945; 2 0(X) 
ft, 900. In Missouri lead district, a small whistle is often placed on the air line at top of shaft, and 
blown by a hand wire from the shaft stations; a belt in engine room is sounded from the shaft mouth. 

Electric Bigaal Bystems are of general application, but for reliability require careful 
installation and maintenance. There are 3 classes: 


no T s a Bupfif 



To Ml» UfUt. ^ 

Fig 95. Shaft flignal System, 
Kosiclare, 111 


A. Low-voltage direct current, operated by wet, dry or 
storage batteries. Annunciator bolls should be iron clad and 
waterproof, and heavier and more durable than bouse bells. 
Only the best rubber-t;uvercd double-braided wire should be 
used, and all wiring carried down the shaft in metal conduit. 
Double-conductor twisted wire is good. Small single-throw 
knife switches are better than push-buttons; or specially de¬ 
signed contacte, protected from dirt and water, may be uned. 



Fig 06. Signal System, Penn & Republic Mina 
Mich 


All the bells should be on one circuit (Fig 94, B), so that the signd sounds at all stations and in the 
engine room. If only the sending station and engine room bells ring (Fig 94, A), confusion may be 
caused by two stations attempting to signal simultaneously. Engine room and station bells are in 
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serieB, BO thiit the signBl may be repeated from enmne room. If neceasary to aignal from the cage at 
any pcnnt in the shaft, wires a and h (Fig 94, B) may be bare and oarri^ on inadlatoxB on shaft 
timbera, the signal being made by making contact with a piece of iron or by preeaing the wires 
together. In wet ehafte this plan gives trouble, and the batteries are rapidly exhausted. 

B. Ball-ringing magnetos are excellent, as they do not become exhausted like batteries; 

the cost of installation is much higher. I,oud-ringing weatherproof bells should be used. Equip¬ 
ment for one installation, consisting of one station outfit of 1 magneto and 1 bell with two 6-in 
gongs, with a similar engine room outfit so that engineer can return signal, 1 extra bell at shaft 
mouth, and 200 ft of double-braid rubber-covered No 16 conductor wire, cost #36. Besides this, 
ISO ft of Q.75-in pipe was used for conduit, the shaft being very wet; also a few insulators on 
the surface. Labor cost of installation, about #17 (1912). The 3 gongs and 2 magnetos were 
connected in aeries. 

C. Power or lighting circuits (direct current) not exceeding 220 volts, where fairly constant 
power is assured, may be utilized for arranging signal systems, both bells and visual signals being 
used. Alternating current, of 220 volts, is dangerously high, and should bo stepped down to 
66 volts. 

Fig 05 shows a layout at Rosiclare, Ill. All wiring is double braid, rubber covered, and carried 
down shaft in metal conduit. For signaling, .Si is closed, ringing engine room and lighting 
lamps A. Signal is returned by pullii g E, thus closing switch S^, which lights lamps C until 
switch is opened. One lamp is at the enginser's stand. F and Fi are &-ampere fuses. To test or 
adjust the bells, Fi is removed and placed at Ft, and switch S is closed. This rings the bell and 
lights lamps A, but not C. Lamps are .'iO-watt, on 220-volt direct current. Beils me weather¬ 
proof ironclad, having a resistance of 30 ohms and consuming 0.3 ampere. 



At the Penn and Republic iron mines, Mich, 110-volt alternating current is used (90), stepped 
down to 30 volts (Fig 96). It is grounded on one side, the other leading to a relay for each bell in 
engine house, and skip, cage and one side of a grade bell, in shaft house. The other aide of 
each relay and the grade bell are connected to one of 3 No 4 bare copper wires, supported on insula- 
tore in the shaft. By grounding any one of these wires a current will flow through the grade bell 
or the relays in engine room. The relay then rings the 16-in %ong, through the 110-volt cir¬ 
cuit. A heavy single blow is struck by the a-c solenoid, an indicator registers number of beUs. 
and a lamp is lighted. The signal wires may be grounded from the cage at any point in shaft. 

D. Combined magneto and power circuits are sometimes used where both bell and lights are 
desired. At No 1 shaft, Lykens, Pa (Susquehanna Coal Co), is a magneto circuit for bells and 
power circuit, to indicate by lights the position of cage chairs at shaft stations. Fig 97 shows wiring 
for 4 intermediate levels and bottom of this shaft. Five-bar, open-circuit magnetos and 6-in bells 
are used throughout. Each station has a magneto, two 2 SOO-obtn extension bells and a phone. 
One bell is for return signal (rom engine room; the other is connected across the magneto, so that 
the man giving signal can hsar it. A signal from a station rings the bell there, at top of shaft and 
in engine house, and records the ring on an a-e operated annunciator. Then topman signals, ringing 
bell at top and in engine bouse, the signal being recorded on annunciator. The station belle have 
different tone from that at top. Telephones connect to a common line between enipne room and 
stations. If necessary, shaft phones may be connected to outside lines. Annunciator has a battery 
reset (not shown), wired to a brimh contact on the dial indicator and is automatically cleared after 
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«&ch hoist. The ayatem is ao arranged that the engineer hae full control of signals from stations by 
operating a series of switches, which are all kept open except the one at station from which hoisting 
is being done. Each station baa landing chairs; attached to each is a switch in a C-1 box, wired 
to light a green lamp on indicator in engine room, if both chairs are free of the ehaft, and a red lamp 
if one or both chairs are thrown in. This facilitates handling the cage when stopping or starting. 
In the indicator, 1.2&.in holes are drilled at points corresponding to the levels and covered by frosted 
glass. Back of these holes are 1 red and 1 green bulb, to indicate pomtion of chain at landings. 


I 

I 

•a 


• .— I I II I •- 

To ooatftpt puinto oo roafai 
of holKtliig oukIm 


BMoter iconai 
ladaetion motor hp 
ItO Toita 60 cyciei 

D.C.|^cner-^"'A 
\fttor ohiint wtmnd I,K.W./1 
\12.6 yulU H «inp 1725 rpm | 
^RolayB JJI.BubdoII/ 

,1 dt Co» IBO ohms yv»j 
Eedlaofi L-20 battmy 
Not«:-From Bdlson L-20 battery^* 
wiro* conoect to teriolool bkmlc la 
•Ignal box 


Engine room wiring chart 
for hoist signal system 



Side CIcvation Front Elevation 

Cage with signal system attached 



^ Cushion F’lato 

Battery Box No, 8 Sheet Iron 

Details of Edison L-20 battery 

Fig 98. Cage-pull, Shaft*oonductor .Signal System, Park Utah Cons Mines Co, 

Keetley, Ltah (60, 37) 

Desirable features of a hoisting signalUng system: 1. In the hoistroom visual or sound 
devices should indicate: (a) cage or skip position; {b) landing chair position; (c) station 
whore signal originates; (d) also provision for hoistnian to repeat signals to sender, or signal 
all levels. 2. Each signalling station should have (a) de\icos fur signalling hoistman, and 
visual or sound devices to indicate whether (h) cage or skip is in motion, (c) hoistman is 
being signalled, or (d) hoistman is signalling. 3. A communication system between all 
signalling stations and en'tine room on an independent circuit, to be used in case of failure 
of signalling system, and tor general communication. 4. A signalling and/or communicat¬ 
ing system between man-cage and hoistman, to operate while in motion or at rest, is desir¬ 
able for shaft repair work and wh-m hoisting men. 

Special BignalUnf syatema (60). Fig 98 fhows detail of iiignalling between cage and hoistman. 
At Park Utah Consol Mines, source of power for sigaala is a battery on the cage. Essentials: 
(1) a sensitive telegraph relay in engine-roum, connected to the hoisting rope and a bare copper 
wire in the shaft; (2) an Edison battery on the cage, one terminal being permanently connected to 
the hoisting rope; (3) a contact-maker, operated by pulling a chain which completes contact between 
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the bettery on oege and bare copper wire in the shaft. 'With this device a man on cage hu full 
control df itt- operation, a desirable feature when hoisting men or doing shaft work. 

The signalUng system (61) of Uglebay Norton Co, Gogebic range mines (Fig 99), provides for 
giving signals from cage whether at rest or in ntotion, and makes conversation possible between 
cage tender and hoistman at all times. These features are particularly dedrable for shaft work. 
An interesting feature is a safety switrh connected with the rope in cage bonnet and normally open. 
Slack on the cable, due to cage eticking when lowering, closes the switch and signals hoistman to 
stop. Cost of equipment, 1931, was 9230. 

Rose shaft, Homestake, S D, signalling system (62), designed for a deep shaft (5 200 ft) 
and in operation since 1934, has distinct modes of wiring for each of two skip compts. 



When hoisting men, skips are removed and cages substituted. Fig 100 is the diagram for one eom- 
partment, showing only 4 of the numerous stations. The annunciator is part of the skip or cage 
position-indicator. Receptacles for holding indicating lamps are planed radially outside the 
station numbers nr names, and correspond to respective switches. The shaft part operates with a 
ground return; ropes and conduits have a return circuit wire, so that if the ground return causes too 
much induction the entire circuit may be made metallic and carried in the same sheatfa. The return 
wire is indicated by the broken line. Opbhation. When the pull switch is operated, a circuit is 
closed in the ground through one winding of a relay, then through one of two wires to the bell and 
lamp, and finally through the secondary of the transformer to the ground. The first impulse, 
eaused by closing a switch, closes a oonneoted relay which locks itself in position through a contact 
and second coil, and lights the indicator lamp through a second yontaot on the relay. The engineer 
may extinguish this lamp by a device attached to the hoist oontrol-lever, operating a relay that in 
turn opens the relay holding circuit, and relay contacts. The bell sides of the relay ooils, in series 
with the pull switches, are connected alternately to one of two wires connected as a single wire to 
the bell. Sionau bopbs. Fig 100 shows two pull ropes attached to each switch. One rope is 
short; the other long enough to reach the next switch. The long rope is a small, galvanised-steel 
cable, with a chain insert at the switch and chain at lower end. It is used for station and shaft- 
inspection work only, and is attached to the switch, so that it does not move when the short rope is 
pulled. The ropes may lie reached by the cagoman when cage is at the station. They are of light 
manila and attached to the switches with harness snapw. Fnt,i. switch ss are housed in cast-iron 
boxes, and ruggedly built. The insulating parts, of bakelite, provide long creeping distances, si 
that moisture within reason does not cause appreciable leakage. Switch mechanisms, held in the 
boxes with only one bolt, can easily be replact^. CaxIj hobns for signalling oagemen, operated 
at any station by a oonven*ent pull switch are placed in the shaft at 100-ft intervals down to the 
1100-ft level; below that, at the level stations, I.IO apart. They are placed under timbers, for 
protection from falling roeha. The horn box*s have small heaters to keep the air in them slightly 
warmer than the surrounding air, because hish humidity damages the coil. IBach heater consumes 
6 watts. Fig 101 shows oonnections for the horns. At present, power is received at the top end, 
but, when the shaft reaches ita ultimate depth of 5 200 ft, it may be necessary to supply power to 
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the aysten at ita iiu<lp<H&t, to provost oxoeosive voltago drop. Wiring io rubbor-oovorod, is • 
galvaniflod-sted conduit. A fourth wire (dotted in the diagram) was installed as a precaution, 
•o that if the number of haras became too great for one circuit they could be sounded on several 



-Lone slenol line to alUchPd to 
•witch that It la InaeUrc cuept 
whoa ued lor IntorataUon or 
■haft Uiu>ecUoa work 



Fig 100. Electric Signalling Syatem, One-compartment Ross Ore Hoiat 


circuite by relays operated by this louroh wire. Probably this w'ire will not be required for ■^e 
shaft depth contemplated. The tliird wire ia a ground connection, so that men will not receive 
ehock when handling the cover end attached i»eohanum while changing units, if a wire ia grounded 
to a live part. 
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28. BUCKETS AND CROSSHEADS 

Ore buckets, unless made at the mine, are of steel (see also Art 18,19). Fig 102a shows 
a bucket made from three-quarters of an oil barrel; capac, 4.5 cu ft. Band B is 0.25 by 
2.6 in, riveted to bottom and sides, and forged into bail pins C. Rings A and lugs D pre¬ 
vent accidental overturning. This bucket is too large for a windlass; it requires a horse 
whim, or power hoist. Fig 102,5 to e, shows light steel windlass buckets, as made by mining 
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supply houBBB (Table 35). Stock mses of large buckets for heavy work, with capacities of 
1 ton. or more, are listed by makers. Large mines often have buckets for sinking and wins- 
ing made to order. Bail may be attached to ears at top, or to tnmnions a little below 
center of gravity. The bottom is best dished, with a ring at center for attaching the 
dumping hook. Self-dumping buckets are more convenient to dump and clean themselveB 
better, but with some danger of accidental dumping while being hoisted. Buckets with 
straight or flaring sides (Fig 102b) are more liable to catch on shaft timbers. 






b. Windlass Buckets 


O. Oil-barrel Bucket iS tt Iff 






at Buektt it Bu«k«t 
Listed In Listed In 
TabU 36 St 


OsUffOBll 
Hvtiom PUi» 
10 Iron > 




59* 8u«j» 

Sob 'v 


Bottom Plan 




Section showing 
wooden Bottom 
e. Joplin Bucket ("Can’') 


Fig 102. Hoisting Buckets 
Table 35. Windlass Buckets 


Height, 

in 


Diam, in 

Top 

Bottom 

16 

14 

19 

14 

22 

17 



No 16 
16 
M 


Table 36. Sizes and Caparitiss of 
Buckets (Fig 102c) 


Caiiacity 

Cu ft 

■a 

M/4 

1 

200 

250 

375 



Diam, in | 

Top 

Ceil- 

Bot- 

ter 

tom 

18 

24 

16 

20 

22 

18 

21 

24 

18 

21 

26 

20 

24 

30 

22 

25 

26 

24 

28 

30 

26 


Height, Wt, Cnpao- 


18 to 206 tor 
smaller sizes, 

14 to 166 for larger 


Table 37. Sizes and Capadtieg of 
Buckets (Fig 102d) 


Capac¬ 
ity, 
ou ft 


Diam 

bot¬ 

tom, 

in 

Diam 

top, 

in 

Depth, 

in 

Wt. 

lb 

18 

24 

26 

260 

20 

26 

28 

300 

22 

28 

32 

350 

24 

30 

36 

400 

28 1 

34 

36 

450 
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Bnaiplmi. At Joplin, Mo. buckets Qoeally. “csns’’) sre used oommonly for both regular hoisting 
and developtaent work. Largest siie is 34 by 34 in. oalled a “1 600-lb can,” but usually loaded with 
about 1 200 lb. Other sices: 30 by 30, 30 by 28, and 28 by 30 in, diam being the fint dimension. 
Smaller sises: 20 by 28 and 24 by 28 in. fig 102e shows typioal Joidin bucket: ears are welded 



Fig 103. Ore Bucket on Truck. Ilartley Mine. Tnterstate Zinc & Lead Co, Baxter Springs, Kan, 

(63, 37) 


to side straps, which generally hook under bottom flange (72). Fig 102/shows a heavy shaft-sinking 
bucket. At iron mines of Mineville, N Y, a heavy 1-ton bucket was used for sinking. It had flaring 



sides, with bail pivoted on side trunnions. Fig 103 shows ore bucket and truck as used in many lead 
and sine mines in the U S (63, 37) for both hoisting and haulage. 
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Biick«t hooks should be designed to prevent accidental unhooking, due to dock rope 
spinning, or striking shaft timbers. They are best made of Norway iroiu 

Ordinary snap hook (Jig 104a) is safe, but, with a spring strong enough to be safe, it is diffi» 
eult to unhook. Serpenthie hook 6 is safe and oonvenient for rope up to 0.6 in diam, but difficult 



Fig 105. Bucket Dump Fig 106. Bucket Dump 

to unfasten if rope is heavy and stiff. Chain hook e, in which only one part of the last link will 
pass through the hook opening, is safe, but inconvenient. Sister hooks are both safe and oonve¬ 
nient (Fig 104d, e). Any liabihty to accidental unhooking is prevented by a ring around both book 



Fig 107. Automatic Dump for IncUnea 


shanks, which must be raised before hooka will separate. Fig 104d shows use of 2 pairs of sister hooks 
and chains, instead of a bail, for a sinking bucket at Uancuok No 2 shaft, Mich. Two forms used 



Fig 108. Buokot Dump (37) 


in Canadian mines are shown in Fig 104e. Fig 104/ shows a simple safety hook. Gap C, large 
enough to pass the bucket bail, is closed by thimble D, made of hea\'y pipe, or a piece of-shafting 
bored out. CoMBiNSin hook ano bwivm,. used at the Rand Collieries, Ltd, So Africa, is shown in 
Fig 104(. Dimensions given are for a 2-ton bucket. Locking nut a baa a large-pitch thread, so 





10" X 10" post 
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that 3 or 4 turns by band will allow bucket bail to pass. Threaded portion of shank of hook must 
be upset, BO thaf the nut will pass over its end* All types of hooia should be swiveled to rope 
socket; this decreases spinniint of the bucket, and facilitates detaching the hook. 

Devices for dumping buckets at shaft mouth should be simple and positive. Safety from rock 
falling down the shaft is hrat consideration; then, speed of handling with minimum labor. Wrxw 
Bail th attached at rim, bucket is commonly dumped by hooking into the bottom ring the lower 
end of a chain which is fastened at a point near top of headframe, and over the chute or bin. Then, 
by lowering, the bucket is swung to one side and dumped (Fig lUfi), With bxls^ddufinq bocxet. 



after hoisting to position C (Fig 106), the chain is hooked into bail ring; then, by lowering, bucket is 
Bwung to position li, for dumping and the latches are released. Automatic dumi>, for inclines with 
skids (Fig 107), is used at several Ontario mines. Bail is fastened to rim of bucket, and lugs I are 
below center of gravity. Lugs slide on skids until they drop into notches a above chute, when, 
by lowering, bucket is ddmi';*d. Bucket is then raised until lugs are above pivoted curved arms b; 
and on lowering again thesv arms cover the notches and aUow bucket to slide down shaft. After 
bucket has passed the arms, they swing back by gravity to their original position. At the notidi, 
skids should be edged with 0..5 by 2-in iron; curved arms are of S/g by 3-in iron, pivoted at c on a 
1-in bolt. At dumping point, skids should have a slope not exceeding 72°. Crosshbaos, to pre¬ 
vent bucket from swinging, are required by law in some statee and countries. As there is danger of 
serious accident if erosshead stioka in its gui(ii»,>and then falls after bucket has been lowered eome 
distance, the oroesbead should be held poeitively to the rope soeket, until it reaches the stops at lower 
end of guides. To prevent jamming in the guides, the height of crosabead should exceed distanoo 
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between cuidee. Baampla. Tic 100 ehowi oroeshead for bucket shaft einldnc at Maeasaa Mines, 
Kirkland lake, Ont (66). Similar orossheads of this general type made of aluminum have also 
been used in Ontario (67, 37). Bbyant cbobshcad (73) has safety gear to prevent oroeahead and 
bucket from falling if rope breaks, and to bold the croeshead if it should stick in the guides. It 
has a bonnet. Croesheads with safety catches are justified in large or deep shafts; they are usually 
entirely of eteel. Fig 110 shows a design recommended by U S Bur of Mines (74); a is safety-dog 
spring; d, 1/2 iu 1^ than distance between guides; g, not less than distance between guides; j, rope 
button. Frame and connecting angles, ail 3* by 3- by t/ie-in. In the Bbbbt bafbtt cKosaaBAD 
(F^g llOa), designed in the Transvaal, springs, instead of gravity, keep the bucket attached to orosa- 
head until guide stops are reached. In descending, levers a strike stops b; and, through rod c, the 
latches h are thrown outward against springs s, thus disengaging rope socket and allowing bucket to 
descend. When oroeshead is raised from the stops, springs e again cause latobes h to engage the rope 
socket. In the headframe u a device to hold orosshead and release the buoket for d ump ing. 



29. CAGES 


General features. Since the cage is a dead load, its weight should be as small in 
proportion to the useful load as is consistent with safety. Ratforra frame is of flat bars, 
or structural shapes (channels or heavy angles for side members and 1-beaius or channels 
for crosspieces). For light mbtal-minh cages (Fig 111) center suspension member A, 
carrying guide shoes G, may be a flat, welded to forging B, for the jaokshaft (S) bearings. 
To B is bolted or riveted the triangular forging C, with a socket for draw-bar D. Inclined 
members E, from B to the cage deck, are of light angles,or flat or round bars. If members 
are narrow bars, bolted joints are best; if wide (structural shapes), rivets are used, with at 
least 2 rivets for each joint. For heavy collibbt cages (Fig 112) the center suspension 
member on each side is a single channel, or a pair of ai^gles, riveted to a plate carrying 
jackshaft bearings and pins for bridle chains. In this case, upper cro.ss member is made 
of structural shapes. 

* Multiple-deck cages are used more in Europe than in America, although they are 
employed to some extent in Western U S for increasing hoisting capacity of shafts of 
small cross-sec, or where skips are not feasible. In Butte, Mont, and in S W Aria, there 
are cages of 2 to 4 decks. Their di.sadvantage is the loss of time in handling cars, as 
each deck must be shifted to the landing to receive or discharge its load. To save time 
there may be multiple landings, so that only 1 shift of cage is required for 4 decks; but this 
adds largely to expense of installation, and complicates car handling arrangements. 
Multiple-deck cages are sometimes used for handling men, when ore is hoisted in skips. 
These are usually in separate compartments, or the skip is removed and cage substituted 
at beginning and end of each shift. 










































CAGE DETAILS 


12-99 


ScU-dum^ng cages (Fig 113, 114) are 
often used in bituminous and sometimes in 
anthracite coal districts; rai-ely dsewhere. 

Cage consists of 2 frames (Fig 113). The outer 
runs in the shaft guides; pi voted to this at bottom is 
an inner frame and platform, on which oar is held 
fast by a looking device. At dumping point, inner 
frame is swung outward, by roller a engaging in curved 
guides, thus supporting car at a dumping angle. 
Meantime, the outer frame runs up on main guides. 
Catch b, to prevent accidental tipping of inner 
frame before dumping point is reached, is not com¬ 
mon. Sometimes, pivot c is at one side of center line 
of cage, while center of gravity of car is on opposite 
side. \Vheel a may run in an auxiliary guide, passing 
out of the guide through a gap at dumping point. 

Where utmost capao is necessary, cage is wide 
enough to take 2 cars side by side; as at Cloverdale 
mine, Pittsburgh Terminal R R and «''oal Co, where 
each cage carries 2 2.3-ton cars, 4 UOO tons being 
hoisted in 8 hr; total lift, 405 ft (75). In some self- 
dumping cages the platform and car only are tilted, 
by rollers mounted near front end of platform and 
running in dumping guides. When closed-end (no 
door) care are used, an overturning cage may be 
employed; cage platform and car are rotated endwise 
through 135° (78) by a pair of rollers at top, as in most 
dumping cages. In this cose, special arrangements 
are necessary, due to greater movement of platform 
and car. Advamtaoeb of self-dumping cages: (u) 
reduced labor cost and attendance at top landing, 
and incressed capac: (b) less wear on car than with 
most stationary dumps. Disaovantaobs; (a) in¬ 
creased cost and wt; though, when hoisting in bal¬ 
ance, extra wt is objectionable only in adding to total 
rope load, which also must be accelerated each trip; 
(b) larger rojw and stronger headframe are required. 



30. CAGE DETAILS 

Structural details. For light cages the platform frame may be one W-I bar, say 0.75 
by 4 in or 0.5 by 0 in, bent to a rectangle. Crosspieces, 2 for a small cage, are of same 
size, their ends being bent at right angles and riveted to frame. Rails may be of bar iron 
not less than 1 in wide, or T rail. Ends of vektical bide mbmiierb should be bent under 
bottom frame (Fig 111). Opening F in side member is for access to guide bolts. Shoes 
are of short bent plates; or 2 angles back to back, or a channel, extending from platform 
to bonnet. Edges of shoe are rounded to prevent cutting the guides; rivets are coun¬ 
tersunk and their heads chipped flush. Width of shoe is 0.5 in greater than width of 
guide; length, 2 to 3 times the width. If upper member of frame is a triangular forging 
(Fig ill), flats are welded to the lower angles, to give rivet or bolt space for attaching 
suspension members. If a straight horiz member is used, 2 channels back to back are 
structurally convenient. Drawbar is of best Norway iron; of square section, or some¬ 
times round with a spline, to prevent rope from twistiifg. Area at root of thread deter¬ 
mines its strength (Art 31). When vertical side members are fiat bars, they are widened 
at the head to receive the cam shafts, as in Fig 111, or riveted to a piece of heavy plate; 
when of angles or a channel (Fig 112), these serve as shoes; but in any case liners or 
wearing pieces, of thin plate, should be provided. With the construction shown in Fig 112, 
cage is usually attached to rope by chains of such length that they take the weight of the 
cage when the drawbar operating tlie safety catches is in its highest position. Auxiliary 
or safety chains (Fig 112) are required by law in some states. These are fastened to a 
clamp on rope atove the socket (see Art 7), and should be just slack when load is on 
the chains. An incidental advantage of the chain connection is that, when slack rope 
has been paid out after cage has been landed, the rope is not bent sharply at socket. 
Large cages are braced at comers with gusset plates, to keep cage square, and to rein¬ 
force conneotion of horizontal member to side gussets. For small cages, the bonnet 
is hinged at sides (Fig 111); for large cages the hinge is at center (Fig 114). By raising 
the bonnet, long timbers, rails, or pipe, can be stood on platform and lashed to hoisting 
rope. Bonnet is of No 10 or 12 sted for light work, up to s/ie in for heavy work. 
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Safety catches are required by law where men are hoisted or lowered. Standard 
form consists oi 2 jackshafts (Fig 112) on which are keyed toothed cams or dogs. When 
roi» breaks these are turned against guides by springs, and after they grip the guides, 
weight of cage tends to tighten them still more. When cage is supported by rope, cams 
are rotated away from the guides by chains, or link and arm connections, to the drawbar 
(Fig 111, 112). Ideal safety gear should bring cage to rest gently. If rope breaks when 
cage is ascending, this condition may bo realized, as the cams have time to grip guides 
during the momentary pause before cage begins to fall. But, if cage is descending, the 
shock is great; and if moving rapidly it is doubtful whether any safety device could hold, 
because momentum of cage and load would either break the safety gear, or strip guides 
from the shaft timbers. Moreover, in a deep shaft, if rope should break near top, with 
cage near bottom, the springs could not quickly overcome inertia of the rope, and falling 



cage would attain too high a velocity for the cams to be effective. Also, if hoisting engine 
f.'uls, the springs could nut overcome the drag exerted on the rope by the drum. Fatal 
accidents from these causes have occurred. 

Details of safety gear. All parts arc of steel or W I except the cams, which are of C I or cost 
steel. Cam ci'rve is usually involute of a circle, but is often modified. Teeth should be sharp 
and deep enough to bite well into guide, with an angle at the end of not less than 45°. Width of 
cam is about 2 in for small, to 3.5 in for large, cages. Chain connection between drawbar and ehain 
wheel on jackshaft (Fig 111) is simplest construction for light cages. In coal districts the cams 
are sometimes placed at sides of cage, 2 or 3 ft above platform, and connected with jackshafts by 
levers and long links (Fig 115, a). Several designs of flat spiral or helical seniNos, encircling the 
jackshafts or drawbar, aie used. Wlien on jackshaft, one end of spring Ls fast to a collar keyed on 
stwift, the other end to the side of cage; or, short levers keyed on each shaft are connected across 
by helioul springs. For heavy cages, a powerful spring encircling the drawbar (Fig 112) is effective, 
and incidentally eases the shock when starting to Iinist. An objection to operating both jack- 
shafts by one spring or set of springs is that, if one shaft sticks or the cam happens to act against an 
unusually hard or smooth place on the guide, the other shaft can not bring it into action. They are 
best operated by independent springs. 

Fig 115 shows designs of typical safety catches; a, sometimes used in Penn anthracite mines, 
has chisel-pointed levers thr.iwu against guides by action of springs (said to be effic); b is for a 3- 
by 4-ft metal mine cage; c, loi a cage about same size as b; d, for a light coal mine cage. One type 
of catch consists of a pair of toothed wedges, working between edges of guide and angles on the side 
plates, which are set at an angle equai to that of the wedge. They are thrown in by spring-op~ratcd 
levers, as in other fornns, and arc automatically tightened by wt of cage. It is stated they are 
difhetdt to release, sometimes requiring cutting away of guide. For btbsl aTTinas, the esms are 
either not toothed nr have much smaller teeth; because, as the increment of the cam spiral is less, 
they grip the guide more strongly. 
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Safety gear ahould frequently be inspeoted and teeted. Preaent tendenoy ia to rely more on 
careful inspection of rope and to use rope of better quality. Many mines have discontinued safety 
catehea on cages and skips whinh hoist ore only. Where men are not raised or lowered, the law does 
not require them. For description and tests of other safety devices, see Bib 37, 76, 113. 

Weight end cost of cages. Plain steel colliery cages, for a gross load of 6 000 lb, 
wmgh 3 000 to 4 000 lb; for heavier loads, up to 6 000 lb. A combined wood and iron 
cage, in anthracite district, weighs 5 600 lb, has a deck 6 ft by 11 ft 6 in, canying a 2 600*4b 
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31. DESIGN OF CAGES 


Factor of safety should be ,10. whence allowable unit stresses for iron and steel are: 
tension, 6 000 lb; and for compression, jS » 6 000 70 (I + r); where I » length of 

member, and r least radius of gyration, both in inches. Rivets and pins: ninglft shear, 
6 000 lb; double shear, 10 000 lb. Bolts, when used in place of rivets or turned pins, 
single shear, 3 500 lb, double shear, 7 000 lb. If size and gross weight of car and contents, 
and the dimensions of hoisting compartment, are known, design is a matter of mechanics 
and knowledge of the gmeral type of main and auxiliary parts, as determined by practice. 
Clearance between ends of cage deck and shaft timbers is 2 to 4 in. Width is fixed by width 
of car, or by distance between guides, less thickness of shoes and side members, less 
clearance between shoes and guides (Art 30). 


Details. Lay out dimensions of cage deck, and place crosspieces equidistant. Small cages have 
4 crossbars, includina the ends; Ions decks may have 5 to 7 crossbars. Maximum ca.b-wbbbl load 
and its point of application on the deck rail are determined, and the rail and other deck members are 
then calculated as beams (Sec 43). It is to be noted that in dumping-cars the body is not placed 
symmetrically on its truck; one pair of wheels carries more than the other. Throughout the calcu¬ 
lations the dead load is multiplied by 2, to convert to live load (Art 14). It I ^ length of rail 
between crossbars, and IK wheel load, the bending moment M •" 0.25 Wl; also, Af — pS, where 
p » unit stress ~ 6 0001b. If T-rail or structural shape is used, S » 0.25 IKI -t- 6 000, and proper 
size is selected from table (Sec 43). For a rectangular bar, M “ pbeP + 6; in which b is width 
of bar and d its depth. Assume b and solve for <i, in ~ (3 IKf) -i- (2 X 0 000 6). 

Maximum ix>adino on heck crossuarh is determined by relation between their distance apart 
and wheel base of car, remembering that front wheels may carry more load than the rear fsee 
above). Find maximum bending moment, substitute it in M = pS, and select required section. 
Shear at end of crossbar — P. One rivet may be sufficient, but at least 2 should be lued, not less 
than 0.625-in diam. With light sections it is well to check bearing area of the rivets. Side members 
of deck are rectangular bars, or channels with the flanges inward. They usually act as beams sup¬ 
ported at ends and center by the suspension members. Their cross-eections are found as for the 
other deck members. Inolineo suspension members carry a load equal to p times secant of their 
angle from vertical. Mimmum section should be 1 sq in, proper rivet bearing and shear being pro¬ 
vided. If an angle is used it is connected to deck with a gusset plate; if a bar, the end is carried 
down and bent under edge of deck, and also bolted or riveted. Vertic&i, bide members arc of 
flats, angles or channels; their connections are similar to those of the inclined members. Net head 
room on the deck should be not less than 7 ft. Load at each end of top cross member equals half 
the weight of car and contents plus half the weight of deck and suspension members. As in Fig 111, 
a TRiANouLAR TOP FRAME may be made of a single forging (Art 30). If a drawbar in used with a 
horiaontal top member, latter is designed as a beam loaded at center, and ample rivet area and 
guasets are necessary. Bending moment at center PI 4- 4, in which B is total pull on drawbar. 
When CHAINS are used (Fig 112), horizontal member acts both os a strut and as a beam loaded at 
2 points. Chains are about 30° to vertical; hence, load on each is approx 0.5 B X sec 30°. Since 
strensth of a chain is 165% of strengt h cf rod from which it is made, area of the rod — (P sec 30°) ^ 
(12 000 X 1.65), and its diam d ■v/O-0000742 P. Pins for connecting chain to cage are in double 
shear. Drawbar is of best wrought iron, with look nuts at lower end. Its net section at root of 
threads P -i- 6 000. The pm to connect it to rope socket is in double shear; hence, its area — 
P 10 000. Net area of metal in drawbar head =- 1.5 times area at root of thread. 

Safety catches. Two of the bafett noas or cams should be able to support cage if the others 
fail; hence, each is designed to carry half the load. Considering as cantilevers the exteiuions of 
jacbhafts beyond the gusset plates through which they pass and by which they are supported, then, 
when safety gear comes into action, concentrated load at center of dog is 0.5 B see a; in which a is 
angle between the vertical and the line through center of jackshaft to point of contact of dog with 
guide. This angle may be assumed as 45°; whence sec a 1.41, and load is 0.705 P. Therefore, 
bending moment in inch-lb ia M ^ 0.705 P/, in which / is horizontal distance between center lines 
of dog and jackshaft bearing (usually from 2.5 to 3 in). Substituting in ilf — pS, S 0.705 
Bf + p. For circular section, S 0.098 iP, in which d diam of shaft; hence d* — 0.0012 P/. 
Values oi d so computed are in excess of practice, and can safely be reduced by 25%. 

Sfrinos for bafett catches must be strong enough to act promptly, and yet be defleoted by 
weight of empty cage, with sufficient margin to prevent lashing of hoisting rope from causing the 
dogs to grip the guides. Total supporting power of springs is from 0.33 the weight of cage for small 
cages to 0.10 the weight for large ones. Number of coib in the spring depends upon deflection 
required, or the angle through which the shaft must turn to engage dogs with guides. Cross section 
of rod composing spring d« pends upon load, and radius P of crank arm or chain wheel by which 
rope ptdl rotates the jackshafts against spring pressure. For flat bfibal bprinos: 
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(40) 


in which, /' force applied at radius P, or assumed load on chain or link connecting drawbar with 
ehain wheel or arm on cam shaft; 0 ■■ angular motion of P, in radians; S •• allowable max unit 
stress IB 60 000 lb per sq in; B •• modulus of elasticity in tension ■> 30 000 000; I is develoi^ 
length of spiral; b « width of spring and h is thickness. For large sages P may be taken aa 7 in: 
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for small osgM, 2.5 in. 
anouKD sbait: 


Angls of rotation should be from 60 to 90*. 
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where, besides the values Riven above, d m diam of the spring rod. If Sducal spbingm are used 
IN TENSION OB coMPBBSsioN (Fig 100) foliowing formulas by J. W. Cloud apply: 


Svd* . 32 PRn 

16 « ’ *ad* 


(42) 


in wbioh, P •• load on each spring; S max unit stress i- 80 000 lb; iR ■■ radius of center of eoil; 
2 B developed length of coil; O » modulus of elasticity in torsion 12 000 000; d •* diam of spring 
rod; / ■> deflection of spring in inches under load P. In this esse, the pull from drawbar to chain 
wheel or lever must be converted into component load in direction of axis of the spring. (See also ^c 
41, Art 10.) 

32. CAGING DEVICES AND LANDING CHAIRS 


Caging of small cars is nearly always done by hand. Large cars are also often caged 
by hand; but mechanical devices are common, especially in colUeriee, and increase capacity 
and safety. For hand caging, where 
station layout permits tracks on both 
sides of shaft, the track approach to 
cage is laid with 1.5 to 2% grade, so 
that cars will run on by gravity, the 
loaded car pushing off the empty on 
opposite side. Car checks, placed at 
a safe distance back from the shaft, 
are controlled by a lever worked by 
the station tender. They should be 
so far automatic that, after a car 
passes, the check is raised into posi¬ 
tion to hold the following car. At sur¬ 
face landing, if point of dumping be 
some distance from cage, loaded car 
may be pushed off by the empty; but, 
with hand caging, this is not satisfac¬ 
tory, because more effort is required 
than at shaft stations. 

Mechanical cagers. Rams, oper¬ 
ated by steam or compressed air, are 
often used at collieries. They act 
against the empty car, which pushes 
loaded car off the cage. Throttle for 
the ram should be operated by levers interlocking with car check and landing chairs, so 

that it can not be opened unless cage is at 
landing and car check down. 

Fig 116 shows an apparatus made by the 
Mining Safety Device Co. When cage reaches 
station landing, its weight turns crank A 
and opens horns B. This allows first car to 
run onto cage, and at same time closes horns 
C, thus holding back second car. When cage 
is raised, horns C are opened and B dosed 
by weight D. For intermediate levels, the 
cage-operated,crank is replaced by a hand 
lever, which is locked in position unless cage 
is at that level. 

Car stops, to hold car on cage, may act on 
the body, wheels, or axles. Commonest stops 
are: (a) hook attached to side of cage, which 
drops into an eye on side of car; (b) pair of 
bent bars, 0.3Y5 or 0.6 by 1.5 in, hinged on 
vertical side members of cage, and resting in 
Ilg 117. Car Stops for Eielf-dumping Cages, brackets on the diagonals. These bars drop 

Jed Coal and Coke Co ^irith a small clearance over ends of car body. 

Antomatie atope applied to car wheels or axles, whenever cage ie not on the chairs, permit more 
rapid caging. They are of 2 kinds: (a) Hobnb raised in front of wheels or between them, and 




Fig 116. Automatic Cager 
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operated by weight and levers when cage leaves landing. Ilg 117 shows stope for a self-dumping 
cage. For ordinary cages, the horns are often operated by a lever at corner of cage, snthin reach 
of cage tender at laii^ng. (b) Dbop-bottoh caok. In this an independent transverse section of 



Fig 118. Drop-bottom Cage 


deck and rails, on which the car stands, drops a few inches when cage is lifted from chairs. Wheels 
are thus blocked by like fixed rail ends (Fig 118). In Jeffrey drop-rail cage, rails are pivoted at 
outer ends and divided m the middle. When cage is lifted from chairs, inner ends of the rails drop, 

and car axles fall into notches in a pair of rigid skids. 
Car is thus held in place until cage is landed at another 
station. 

Landing chairs (keeps, kepa). Fig 119 shows 
a common form, installed at each shaft staUon. 
Cage is supported at its comers by 4 fingiSTS 
a, pivoted at b, and connected by rods c to hand 
lever <i; which is pivoted at e. The cut shows 
chairs at shaft collar; fingers a, which arc pusned 
back by the rising cage, are thrown outwards 
under Uie deck by weight h. For vndekqsound 
nANDiNGS, weight h is on opposite side of e, thus 
always holding the chairs back out of the way of 
a passing cage. To support cage at a given landing, the station tender pushes lever 
d into the position shown A spring may be used instead of a weight. Especially 
designed chairs, with 8 fingers instead of 4, are required for drop-bottom cages. 

Fig 120 shows chair supported by steel construction at mouth of Annabelle shaft, 



Fig 119. Chairs for Surface Landing 
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Four States Coal and Coke Co. Fig 121 showa a ainiple design used by Desloge Cons^ 
Lead Co, S E Missouri. Parallel rails are caused to i^de in and out by links and levers, 
serving both compartments. Chaibs attachbo to caob dbck (Fig 123} have advan* 




PLAN 

Fig 120. Surface Chairs, Anna- 
belle Shaft, Four States Coal and 
Coke Co 



tages for shafts with many levels, since only one set of chairs is required for each 
cage. Fig 123 (37) shows method at Home Copper Mine. 

Man cages should be fitted with gates, about 6 ft high. If same cage is used for ore, 
the gates are detachable, and removed when not needed. Cages especially for men have 



hinged gates, opening inward, or of pantograph form as for elevators, and are lined on sides 
with sheet steel, or strong dosely-woven wire mesh. Hand-holds should be provided; 
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usually horiz rods attached to cage frame under the bonnet. Fig 122 shows the man and 
material cage of Inspiration Consol Copper Co (77), with counterweighted gates moving 




Fig 123. Underground Chairs and Caging Equipment, No 3 Shaft, Horne Copper Mine, 

Noranda, Quebec (37) 

vertically in guides. It .';arries 55 men. The cage has its own chairs, which are auto* 
maticslly drawn in wheri cage is lifted. 

For hoisting men on slopes, mine regulations of some states require safety catches 
working on a third rail, on a stAUonary wire rope, or on wooden guides as for cages. 
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33. SKIPS 
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Skipa may be used in either vertical or inclined ahafta (aa employed for colliery slopea 
they are called “grunboate"). Advantaoeb over cages'.'leas time required for loading 
and dumping; large capacity in shafts of small cj. rH'^Th 

cross-section; less labor for dumping at shaft -C_Z_;X _ 

top; weigh less than combined cage and car. ' 

Less dead wt means smaller rope, drums and “jjijiWM o "cf 

engine, or greater useful load. DxSAnvANTAGBs: , Y:j o| °i jj”! 

difficulty in keeping separate diffeimt grades : 5 '"'I 1 °! V*! ' H . 

of ore, or ore and waste; impossible to dis- n 'f 

tribute output into a long storage bin without ®j o i ?’J = 1 

additional handling; men can not be so con- oj_hi _| 

veniently raised or lowered; while loading or , .'nl_SFa* 
dumping, there is more danger of ore dropping ^ 

down shaft. With well designed skips, break- _ 4 . 5 "_J 

age of coal is very little or no greatei than with «/'x 3 "B»r i p- "J 'V'.'lS'.S'SA"?;?! ‘ ■* 

self-dumping cages (78). W'hen skips are used, »i 

MKN ARE conveyed: (o) on a cage perma- u_ ^ T .'.r ut" '« 

nently fixed above skip; (b) on a man car, _'o I 

replacing the skip at end of shifts; (c) on a A a 

cage in a specisd shaft compartment. When H 'I-''' o 

a skip is hung below a cage, increased height of __2ri T 

headframe is necessary. . x 

Inclined-shaft skips. Fig 124 and 126 ‘'-''** 1 *—- 3 '—— 

show skips of heavy construction, for iron and ‘ . ,,, „ 

copper mines. Skips similar in design to ^ ^ 

that of Fig 127 are built for Michigan copper 

mines xip to capacities of 7 and 10 tons. For convenience of loading, the angle at forward 
end is made approx equal to dip of shaft. 

Where inclination of shaft is low, (be skip body has no (op and becomes a modified car. Fig 
127 shows such a design, of the Tenn Coal, Iron and It K Co, Birmingham, Ala (1925), for hoisting 
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Fig 124. 3.5-ton Skip, MineviUe, N Y 



Fig 125. Rear Wheel, Mineville Skip 

iron ore. Front end is hinged at top, and held closed until the dumping point is reached by the 
front crossbar of the bail, which is in contact with 1-in plates, faced with angles extending from the 



Fig 126. 8-ton Skip, Hancock No 2 Shaft, Quincy Copper Mine, Mich; Weight, 43/4 Tons 

door. As slap goes into dumping position the front end drope, while the bail maintains its position, 
allowing the door to be opened by the wt of ore. For aafety, a loop of wire rope passes around the 
skip body, and through the hoisting rope thimble. 
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Fig 127. Skip with 3-poiot Suspension, for a Flat Slope, Tenn Coal, Iron & R R Co, Red Mountain Div (lv2o) 
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D*teili(. Vmuru are on axles under the body (Fig 124), or <m trunnions set in heavy platee or 
eastinae b^ted to ndee <Fig 126). They must be in aoourate alindment. Side trunnions cost more, 
but reduce headroom ^uired in shaft compartment; and if bo4^ extends below rail heads, derail* 
meat is aimoBt impoesiUlfc Axles, vrtiea worn, are more readily replaced trunnions. Wear on 



Fig 128. 12*ton Skip, Inspiration Mine, Aris (77) 


wheels and axles is severe, due to grit and frequent presence of acid mine water; hence, end of axle 
should be capped and liberal lubrication provided for. These features are shown in IHg 126, Ulus* 
trating rear wheel of skip in Fig 12fi. Msnganese steel wheels are good; or a steel or chilled tread, 
with soft oenter bored for a bronse bushing. Front wheels have treads of standard width; rear 
wheels sre extra wide (5 to 6 in) for dumping the skip (see below). Iiajl side bars are attached 

l—*A 
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to logs bidtod to aide platan, as ahown; or bettor, to inna supported in double shear by a flat bar, 
passing around back of body. Pins should have ample bearing value. Sectional area of metal 
through center of eyes of bail bars should be SB to 40% greater than that of the bar. Length of side 
bare should be such that crossbar will not interfere with loading, as skip hangs on the rope. Cross* 
bar is designed as a beam, supported at ends and loaded at center with total rope load, including 
starting factor (Art 14); its service is severe, and a large saiety factor is necessary. Hole for rope 
clevis is best in neutral axis of bar. Position or sml loos depends on dip of shaft* For dips of 
30° or less, lugs are placed near the rear and as low as possible without oansing interference of side 
bars with hubs of wheels. For dips exceeding 60°, lugs are only slightly below boriaontal center 
hne of skip body; and to secure stability they should be as far forward as satisfactory dumping 
will allow. Lufana, Moot of wear due to loading and dumping is on back and bottom of skip, 



Fig 129. 145-Cu ft (10-ton) Skip, 'nelmont. Dodger State, and Mountain Con Mines, 

Anaconda C M Co, Butte, Mont (79) 

which should be lined with false plates, with wood fillers. For convenience of renewal, these plates 
are bolted, not riveted, the bolts having countersunk heads. When ore breaks large, the wear is 
great. 

Vertical akips. For large outputs from vert shafts, skips arc almost universal, except 
when different kinds or grades of ore must be run to separate bins on surface. Even then, 
some separation can be made by especially designed dumping chutes. 

Fig 128 shows a skip of Porphyry shaft. Inspiration Copper Co (installed 1924); wt empty 
14 OOU lb; capac, 280 cu ft or 12 ton. Dumping horns, and side corner liners are of manganese 
steel; trunnions, forged steel; rollers, emt steel. Fig 120 shows 10-ton skip (79) used at Butte; 
Fig 130, a Kimberley type skip in Wisconsin (37, 80). 

Ore slicking to bottom of steel stips at mines of the Randfontein Gold Mining Co, So Africa, 
resulted in decreased skip load and increased spillage. See Fig 131 (37). It waa found that tend¬ 
ency to expand (d a rubW (linatex) bottom caused skip to empty itself oompletely. Rubber lining 
may be applied to mine cars used in rotary dumps, where bottom pounding is used to clear muck. 

Design of vert skips is largely a matter of experience and good practice, load stresses b^g 
usually more than taken care of by proper allowance for heavy wear and tear of operation. Unlena 
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FMluirad ^pM Mnnot athwrwue be obtwnedi lsmotb of body should not ezoeed twioe tbs Issst 
noss-eseticfnal ditnsneioiiB; otbererise the skip is slow in dumping, espeeisUy if the ore is stiefcy, 
Dofsty Ksnr, if employed, must be high enough above body to be out of danger of injury, and not 
to obstruot loading from chute or car. 

Combined cage, and skip are useful in providing transit for men and supplies; also, for sinking 
operations when the shaft is to be deepened, provided height of skip body is small. Fig 132 showe 
a design for regular hoisting. Federal Lead Co, Flat River, Mo; capac, 125 cu ft, or about 6 ton. 



though S ton is the ordinary load. Main vert frame is of 10*in, 20-lb channeb, eidieed between cage 
and skip for convenience of handling and renewal of parts. 

Coni skips ("gnnbosts'*). Although use of skips tends to cause more breakage of 
coal, due to additional dumping, improvements in methods of loading and dumping have 
partly overcome this objection, and they are now common for large output (78). As coal 
is more bulky than ores, the volumetric capao is much greater than that of ore ekips. 

There are two types, overturning and bottom disoharge. Breakage of coal is lessened: (a) in 
the overturning skip (Fig 133), by shape of bottom and front side and special arrangement of dump¬ 
ing chute; (b) in bottom-dieoharge type (Fig 135), by discharging through lower part of front, 
whii^ opens and forms an apron between skip and chute. In Fig 135, revolving chute 2 is hinged 
at 4. Toggis Imlu t2 are lunged to shaft I4> acroM lower end of chute. Rollers 0, on moving into 
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fixed dumpiac 8>ddM 5, rotate bell-erank 8 about fixed point 9, thua rotatini the thvte throuid> 
1S5” Aa toule joint I$^A ia below the line joinins 14 and 9, the gate ia aelf-loeking. In each tsrpe, 
the greateet breakage id eaal probaUy oooura during loading. 

Loading arraagomeatt. In incunkd SHAm, skips are loaded direct from ears, the 
skip holding 1, 2 or more carloads; or from a pocket, through a gate controlled from 



Terlorated washer Special bolt AppUcuUon of washer 



Section, SiJe Elev 

Fig 131. Rubber Skip Lining (37) 

landing above. letter plan is best, since cars and skip are independent of each other, 
and on reaching shaft station, the skip is loaded promptly, without waiting for cars. 
In VBBT 8HAFTB, a skip holding 1 or 2 carloads may-also be loaded direct (Fig 135, a); 
but pockets are always preferablo (see Shaft Pockets, Art 35). 

Arrangements for dumping arc more varied than those for loading. For inclikbd 
raam, a "knuckle” is formed at dumping point by curving main rails inward to hori¬ 
zontal. The narrow-tread front wheels run forward on these bent rails, while broad- 
tread rear wheels continue up the regular slope on a pair of auxiliary rails set at wider 
gage, beginning at the knucUe. 
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_ Fig 138> b shows a nodifiestion of this tyineal dump, m used at Quincy minei Mich, for an 9*ton 
skip. By oiwving upward the broad-gage rails, the skip is brought more quiekly to proper dumping 
angle. Design must be such that, when skip is lowered, it cannot go down the shaft head first, 
tf, as in Fig 127, the whole tread of the wide rear wheels is of one diameter, guard rails may be 
necessary to prevent rear of the skip from slipping sidewise. Or, as in fig 126, diameter of outer 
part of tread may be 2 to 3 in less than that of inner part, the shoulder so formed acting as a flange 
on the auxiliary raQs. 

It may be necessary to dump at more than one ptnnt, as for putting different grades of ore into 
separate bins. At Quincy mine, Mich, gaps in main rails at dumping point, through which front 
wheels pass, are opened or closed by a plate, moved sidewise by an attendant, by rode and levers. 
AMGaovx DUMP for intermittent service (Fig 136), as used by Copper Range Mining Co, has no 



BOTTOM OF SKIP 

Fig 132. Combined Skip and Cage 


break in main rails. The wide-tread rear wheels foUow curved auxiliary rails K, and when skip 
reaches a proper dumping angle, the front edge is supported by rollers L, otherwise front end of skip 
would drop. Points B of auxiliary rails are hinged at A; and, by a system of oounterweighted rods 
and levers, may be raised to dotted position B’, if skip is to past up to a higher dumping point. 

For VKBTiCAi, SHAFTS the skip body, which is pivoted at bottom to the rigid guide 
frame, is thrown outwards and supported at a dumping angle by a pair of small wheels, 
near upper edge of skip (Fig 137), which run into a curved slot-like track attached to head- 
frame at the dumping point. 

Fig 137 shows dumping track for the skip in Fig 130. The skip body rests on two parallel shafts 
bolted to the guide frame, and far enough apart to insure stability of the skip while being hoisted. 
One shaft passes through 2 heavy piUow blocks with caps, bolted to skip body, thus forming a pivot 
on which the body rotates. The other shaft rests in pillow blocks without caps, also bolted to the 
skip bottom. Track must be so designed that skip body will not reverse, and go down head first 
when lowered. Generally, a pair of roller wheels is attached to side plates of dumping track (Fig 
137) in such position that -he horns (Fig 128, 133) projecting forward from front end of skip body 
will just slide over them; these rrdlera thus carry wt of skip while dumping wheels are being lifted 
across gap to reversed portion of dumping track, and on down trip they insure that skip body will 
be turned right side up. Instead of 2 roUers, a continuous bar or roller spanning gage of track is 








IMI 



Fig 133. Anen 4c Garda Skip, C W & F Coal Co, Weet Frankfort, Ill; Capac, 484 ea ft 
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aometimes tiaed. but it IM 7 interfore with free dumping. Dumping wheela (Hg 128) should be 
placed dose to dumping aide of aldp, so that ends of pivoting shaft will have dearanoe space between 
the main and damping guides. The farther this shaft is from center line of aldp, the lees the liability 
to aooidental overturning, but the greater is the force required to dump skip, thus throwing exoassive 
stresses on guides. Main guides sustain heavy side thrust at dumping point, and must be well 


6 43 



Fig 134. Arrangements for Loading and Dumping Skips 


reinforced and bolted to headframe. Pivoting shaft is usually placed at 0.33 to O..*) the distance 
from center line to side of body, U.37o being good practice. For small skips the side plates are 1/4 to 
Vuio; front plate, 3/g in; bottom plate, 3/8 to I /2 in. For large skips, sides are I /2 in, and front 
and bottom 3/g to 3/4 in; in some Mich copper mines, even heavier. 

Handling men in vertical-ship shafts. For large numbers of men, a double or triple¬ 
deck cage IS substituted for the skip at end of shift. The change may be made quickly by 



Fig 135. Lep1p.v Bottom-dis¬ 
charge Coni c'kip. IJiagram of 
Mode of Dumping 



hinging a section of the guides above shaft collar, and handling skip and cage by a small 
crane; os at Butte, Munt, and elsewhere (92). 

Weight and cost of skips. Weight is commonly 40-60% of wt of ore, reckoned 
at 110-120 lb per eu ft. Cost; usual designs, 10-14^ per lb at factory: vert skips, with 
safety catches, 14-16^ per lb. l>umping guides, with supporting plates and rollers 
weigh 2 000-3 000 lb for 30- to 60- cu ft skips, to 4 500 lb for 100-cu ft c:i;.ac, 
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84. OVERWINDING 


Overwlndisg occurs when for any reason the hoisting en^pneer fails to check wngina in 
time to bring cage to rest at surface landing. In such case the cage may rise at high speed 
into the sheave and its supporting timbers 
at top of headframe. Height of headframe 
should be sufficient to allow reasonable clear¬ 
ance between rope socket and center of 
sheave, when cage is at landing. This clear¬ 
ance is a function of hoisting speed. In gen* 
era! it should not be less than two-thirds the 
circumference of the dnun (Art 23). 



Closed 


Fig 138. 


End Open 

Elevation 

4-Ton Humble Detaching Hook 


Detaching hooks relesee rope from cage or skip 
in case of overwinding, and at same time bold 
cage suspended in headframe. They are not in 
general use, although required by law in some 
districts for cages or skipe on which men are 
hokied. They can be used for vertical shafts only. 

Original Humble kook with 5 leaves or plates, and capacity of 4 tons, is shown in Fig 138. Disen¬ 
gaging plate, into which hook rises, and which opens it for releasing the rope, is bolted to timbers in 
upper part of headframe. This plate is of C I or steel, with a round opening of a (ham about 0..5 
m greater than width of hook. Details of the Obmbroo kook (a modification of the Humble) with 
3 plates instead of 5, and C I-disengaging bushing, are shown in Fig 139 and Table 3S. Dihbn- 
ciAGiKa plate OB BUsHXNo should be placed as high as possible in headframe, and solidly supported 



Fig 139. Ormerod Detaching Hook CWellman-Seavcr-Morgan Co) 


to witiistand shock of cage, if overwound, and to carry its weight. A well-known hook in Great 
Britain is the WaLKEn. If a plain detaching book, without ears or lugs, is used for holding the 
cage after rope is released, chairs or catches are set in upper part of headframe. They are so made 
that cage will pass up through them, and are then thrown outward by springs. Detaching books 
do not grow in favor, chiefly because they are not effectual for high hoisting speeds. A run-away 
cage, rising into the headframe at a velocity of several thousand ft per min, would wreck itself 
and also the disengaging bushing, with its timber supports. 


Table 38. Details of Detaching Hooks and Bushings (Wellman-Seaver-Morgan Co) 


Max 

safe 

load, 

tons 




Dimensions, in 






Shipping wt, lb 


H 

B j 

B 

D 

E 

F 

a 

a 

B 

p 

Caet- 

iron 

Forg¬ 

ing 

Struct 

steel 

Bolts & 
rivets 

4 1 


m 

8 

18 

14 

10 1/2 

1 V2 

nsi 

|g|| 

n 

190 

13 

39 

5 , 

6 

IrW 


10 8/4 


19 

14 

13/4 


BB 

HI 

325 

13 

96 

* 

8 

ir^i 

In 

>6 


2$ 

29 

2 



IB 

875 

32 

183 

28 

12 

|24 1 

130 1 

20 

ESB 

1 33 

23 

3 

91 

Bi 

19 

1 325 

100 

351 

67 


Safety devices, to prevent overwinding by automatically controlling the engine, gener¬ 
ally operate by closing throttle and applying brakes. Some also center the revortung 
links. Requirements; (a) mRiplicity; (b) all parts should be accessible for inspection and 
testing; (e) derangement or failure of any part should cause the atop to operate; (d) steam 
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dunildlw eutofF close to the valve cheats; (e) steam should Ite throttled as cage approaches 
surface, asid brakes applied for bringjug the engine gradually to rest; (/) the apparatus 
diould come into operation automatically, if the engineer fails to check the engine at the 
proper time; it should also be self-looking, so that engine can not again be started until 
gear has been thrown oft and enipne reversed. 

Lilly hoist controUsr (81), largely used in U S for both steam and electric hoists, has a 
fly-ball governor, working through cams and levers controlled by eleotrioal contacts. 



Fig 140. Lilly Controller for Small Electric Hoiata 


Controller is operated from the drum shaft, or hub of clutch-operated drums, by a train 
of gears or sprocket chain. It guards against overspeeding, overwinding at ends of trip, 
and warns engineer by a bell when full speed is exceeded; also acts to reduce Bi>eed at 
proper point, if engineer fails to do so, and to prevent starting engine in wrong direction. 

For steam hoiata. the current is supplied by batteries; for electric hoists, power circuit supphee 
eurrent. On steam hoists the controller acta by releasing a wt, which oloses throttle; on electric 
hoists by controlling the power circuit. If hoist has powcr-releasad gravity brakes, they are aptdied 
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by «n ftttziliary weight, wUoh operetea the brake^ngine Talve. For small hoists, hand brakes are 
applied by a weighted levee, automatically controlled through an oil (^lindw having a by-paM and 
valve to prevent too sudden application of brake except at extreme limit of travel. For high-speed 
hoists, the controller has an auxiliary attachment, set to prevent exemeive speed when hoisting men. 
Hg 140 shows a form used for small elec hoists, with hand-brakes. 

Fnter's safety stop (82) acta directly on the cutoff, shortening it as the cage rises above a fixed 
point in the shaft, centering the valves at a predetermined point, and gradually applying the brakes. 
Its best features are; it shuts off steam directly at the oylinderB, and gradu^y applies the brake. 



Some safety stops are operated by the indicator pointer, which releases a latch allowing weights 
to close the throttle and apply the brakes; but their action is too sudden for use with high speeds. 
"ViBOR*' oBan (John Wood ft Sons, Wigan, England) is shown in its simplest form in Fig 141. 
Governors A and shaft B are driven by worm gear from drum shaft. B, making approximately one 
rev per hoist, carries the cams C. When speed is attained the governors cause levers E with their 
hoob R to move into line of contact of cams C. If steam is not shut off at the proper point the 
came engage with hooks, R, lifting frame F and pawl Q, thus allowing weight K to close throttle and 
apply brakes. P and Q are parts of an auxiliary stop, to prevent starting engine in wrong direction. 
Ily providing cams C with eeveral beaks of increasing radii, steam may be shut o'T gradually as the 
cage nears the point where the throttle should be cloeed. (For safety stops for eiec hoists see also 
Sec 16.) 



Fig 142. Diagram of Mechanical Overwind Device for Mine Hoists (3) 

Speed governors, in addition to safety stops, are necessary for high-speed hoisting 
engines. They are usually of the flyball type. With Corliss valves they act by shorten¬ 
ing the cutoff; with slide and piston valves they throttle the steam. 
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A BSTstem of protection for electric boisto is abown in Fig 142 (3). The notched wheel IF, carry* 
fng an adjuatable tripping dog D, ia geared to the dram to make not more than one revolution for the 
max lift. Governor G, also geared to drum, deternunea the poeition at which the trip T for the 
cireuit-opening awitch S (wired in the “undervoltage” release circuit) is operated by the notches 
of the dog on wheel IF. Dog I> is placed to correspond to positions near end of travel and the 
graduated steps correspond to distances between the point at which slow-down should start and the 
limit of travel. Opening of switch S ia determined by relative positions of T and D-, the former 
governed by speed of drum and the latter by position of cage in the shaft. The lost tripping position 
of D corresponds to an actual overtravel of the oage, and opens S irrespective of the speed. The 
notches on W protect against overspeeding at any point. These devices may differ considerably 
in oonstruotion. They tisuaily have a hand resetting device. For further protection, it is customary 
to install in the shaft guides above the landing, a “shaft limit-switch,” operated directly by the oage 
or skip. If the hoist is stopped by either device, means must be provided to prevent starting again in 
the same direction. This is done by a small double-throw controller, reestablishing the power 
supply and releasing the brakes, but permitting closure of only that primary contactor wliich will 
illow the over-wound skip to be backed down. 



36. SHAFT POCKETS 

Shaft pockets at loaaing statioos decrease time required to load a skip, and furnish 
reserve ore capacity, so that hoisting and tramming are not directly dependent on each 
other. Filling a skip from a pocket also involves less likelihood of spilling ore down the 
shaft. Capacitt of pockets depends upon tonnage hoisted, sise of ore cars or trains of cars, 
and storage need at the level to take care of ore trammed while hoisting is being done from 
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other levels. It may reach 1 500 tons or more. As a rule, a measuring poeket is placed 
below the storage pocket. It holds one skip load and is filled from main pocket, thus 
saving time and avoiding danger of overfilling skip, if gate should stick or break. This also 
permits dividing main bin into 2 or more pockets for different grades of ore; then, with 



Fig 144. Skip Pocket for Inclined Shaft, Cerro de Faaco Copper Corp, Peru {37, 71) 


BwiiiginK rliutes between main-bin gates and mossuring pockets, any grade of ore may 
be loaded into either skip. Sri'POKT of shaft pockets depends on capacity, nature of the 
rock in which they arc built, and life of the shaft. In dry shafts, use only concrete or steel 
nith perhaps n few largo tinibt^rs to carry front wall, lining being of steid plate. 

Pockets for inclined shafts, except the measuring pocket, arc excavated in hanging 
wall, the only timbering required being that for the gates. Examples: 



Fig 14o. .Shaft Pockets, Franklin Furnace, N J (£ dfe M J’our) 


I. Large pockets at I4th, 20th and 26th levels of No 3 shaft, Creighton Mine, Ontario, ara 
shown in Fig 14.‘1. Dip of shaft, jo”. Ore hoisted in 9-ton skips, weighing 12 200 lb. Shaft has 
5 oompartmeiits, 2 for ore, 2 for men and siipplies, and 1 for ladders, pipes and cables. A.30- ^ 
42-in Farrell jaw crusher, aith 6-in opening, breaks the ore before it enters pocket. A measuring 
box of 9 ton eapae handles ore from bin to skip (68, 37). 

IL At the Francisco Mine, Cerro de I'aseo Copper Co, Peru, the skip pocket (Fig 144) has 6 
bottom of 3 by 12-in plank, covered with scrap plate and inclined at 46”. The measuring pocket 
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hoMs 89 «m ft (on« sidp load). Gfti«a operated by air cylindeta are used in both miun and mearar* 
ing pooketa. Qatee should shut off ore flow by ruing, but with sufficient power they may oloee from 
the top. Valves for the 4 gates are operated from a platform in front of main pocket. All gates 
and signalling are controlled by one man (37, 71), 

^ III. At Palmer shaft, N J Zinc Co, FVanklin, N J, both main and meanuring pockets are of steel 
(Fig 145). Main gate and loading chute are moved by a hydratilic ram, taking its water from 
the column pipe in the shaft. The cut shows the closed apparatus; lowsr door closed and upper 



Fig 146. Shaft Bottom Dumping Arrangement, Standard No 2 Mine, Schoper, Ill (37, 69) 

undercut gate open, allowing ore to fill measuring bin. When the angle of repose is reached flow 
stops, writh pocket and upper ohute fuU. To load skip, the ram moves out along the arc shown 
until edge of undercut gate is at A', At same time rod O moves to position O', moving levers B and 
C so that pins U and I assume positions H' and I'. Door D, held in position by arms pivoted at Q 
and E, is forced to position Z)' by movement of B and C. The advance of eutofl gate A is at first 
more rapid than that of D, but D closes first, so that the measuring pocket is ready to fill when A 
has opened. Gate A can not jam, as it cuts upward through the ore. The operation is controlled 
by one 4-way vidve. With 6>ton ekips over 2 000 ton have been hoisted in 8.6 hr. 

Vertical-Bluift pockets. In their constraclion, concrete is more generally used than for 
pockets in inclined shafts. Examples: * 

I. At Standard No 2 coal mine of the Standard Oil Co of Indiana (Rg 146), there are 2 rotary 
dumps in which cars are dumped singly into a 40-ton hopper, frop which coal goes to a I'Mon 
measuring hopper holding a skip load. The empty descending skip closes discharge gate of storage 
iiopper, and opens that of measuring hopper; ascending skip closes measuring-hopper gate and opens 
that of storage hopper. Amount of ore discharged into measuring hopper may be varied by a dam 
in upper part of hopper. This procedure does away with spillage (69, 37). 

II. Shaft No 3, Negaunee mine, Mich, is circular in section, with 2 skip compartments (83). 
Storage pockets (Fig 147) are 12 ft 6 in wride, 18 ft 6 in deep, and 23 ft 3 in long at the top; divided 
into compartments for 3 grades of ore. Center compartment has 2 gates, for loading into either 
sidp. End compartments have 1 gate, and load into but 1 skip, front wall of the pocket is sup¬ 
ported by horisontal timbers, lined with 5- by 7'in vertical timbers, covered with O.Mn steel plate 
near bottom and 0.25-in plate at top. Sides are concreted, and lined with 0.5-in and 0.2.5-in i^tea 
batted to timbers embedded in the concrete; plates are put in position and concrete poured b^ind 
them, thus making forms unnecessary. Bottom is concreted and lined with 2 layers of 3-in hard¬ 
wood planks, spiked to 5 by 7-in timbers embedded in the concrete. This lining also is placed before 
oouerete is poiued, thus serving as forma. Gates are vertical finger bars, about 4 in square, sus¬ 
pended by chaina from a oroesfaead attached to piston of an air cyiindm with 3-ft stroke. Each 
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meastirinc pooket holds s skip load. TheiT gates, of 2 thiekneessB of 0.64n plate, oounterweighted, 
and opened and closed Iv an air cylinder, open aaray from the shaft, so that no part shall proieet 
into the hoisting compartments. Ore drops throng a stationary chute into slap. Measuring 
pockets are of steel plate, their fronts being supported by I-beams across the openings in the con¬ 
crete shaft lining. 

III. At No 3 shaft. Village Deep mine, So Africa, an iodine from level above, used for ore 
storage, discharges into a steel measuring pocket, for loading the skip (Fig 148). The gate forms a 
chute between pocket and skip, and a sloping spill plate diverts spillage into the level below; thus 
preventing it from falling into the sump, and interfering with tail-rope sheave. 

IV. Thermal Mine No 4, Donk Bros Coal and Coke Co, Madison Co, Ill, has no storage pockets, 
ga they increase breakage. A rotary dump discharges cars into weigh pans of scales, one for each 



Fig 147. Stations and Storage Pockets, Negaunee No 3 Shaft (83) 


compartment (Fig 149). Car loads are weighed separately,'2 ears filling a 6-ton skip (84). De- 
Boending skip trips a lever, which opens the rotary gate of chute between scale pan and skip, the 
same movement opening the discharge of scale pan. Coal may be dumped from scale pan before 
the skip arrives, as the chute docs not open until skip is landed. When skip rises, the gate closes 
automatically. For very high speeds, mechanical control of the chute is unsatisfactory, and elec¬ 
tric control is used. A constant-running motor is connected through a magnetic clutch and gear 
train with the rotary gate of skip chute. Descending skip makes an elec contact at the proper 
point, energizing tlie clutch and opening the gate. As skip rises, current is broken, closing tli" gate. 

V. Skip loading at Po-iihyry shaft. Inspiration, Ariz (Fig loO), exemphiios extreme mechanical 
control. Ore ia dumped into 2 cylindrical, concrete-lined storage bins, 30 ft diain by 40 ft deep; 
total capac, 1 600 tons. One gate i'. bottom of each bin discharges to pan feeders, 48 in by 7,5 ft, 
which deliver to a 12-ton steel ho; per supported on knife edges. When hopiier is full, feeder stops 
automatically. Descending skip, on coming to rest on chairs, opens the gate for loading; it then 
closes and starts feeder (77). 

StreMos in shaft pockets. Pressures on walls are computed as for surface ore luns 
(Art 3C, 37), but, because the service conditions are severe, and construction may not be so 
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carefully carried out aa for nirface atracturea, a larger safety factor ia advisable. If bin 
structure supports also the walls of the excavation, this fact would generally be the deter^ 



Fig 148. Loading Station, No 3 Shaft, Village Deep Mine, Rand 


mining factor in design. For deep pockets, excavated in ore or rock, the gate or chute and 
its support should be carefully designed, since it may be subjected to unusual loads due to 
ore bridging above and then falling from some height. 
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36. ORE BINS 

Typ«8. For ore, ciwhed stone and coal, bins are designed: (o) of rectangular section, 
snth flat bottom; (b) with hopper bottom, either inverted psrramid or wedge-ehaped; (c) of 
circular section with flat, conical or hemispherical bottom; (d) as a suspension bunker or 
bin. FnaT bottom bins (Fig 155) are built entirely of timber, steel frame with tim- 



6EC A.A SIDE ELSV 

Fi( 151. Coal Storage Bin, H. C, Frick C & C Co 

ber cribbing, all .steel, or reinforced concrete. They are best suited to conditions 
where the material is discharged at center, or at various points of the bottom, onto con¬ 
veyers or into cars. Advantages: larger storage capacity for the same floor space occu- 



Fi« 152. Small Timber Bin 


pied; nmplicity of construction; the ore forms its own bottom and there is no wear on 
the floor, except around the discharge spouts. Disadvantage: the bin can not be 
completely emptied without shoveling the material lying below the angle of repose. 
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HoppbU'BOTTOU bins (Fig 154) are of timber, steel, or reinforced concrete. If of timber, 
the sloping sides of hopper portion should be lined with steel plate. {If bottom is pyramidal, 
the bin can be discharged completely; but, if the vertical cross-section is triangular or 

wedge-shaped, there will always be a 
block of ore between chutes that will 
not run out. Pyramidal bottmns are 
preferable for discharging material 
from a point underneath the Inn; 
wedge-diaped bottoms, for discharging 
at one side. If discharge on each side 
is desired, bottom is an inverted V 
(Fig 151). Ctundiucai. bins (Fig 
155) are of steel or reinforced concrete. 
Advantage: economy of material for 
a given capacity, because the walls are 
in tension only and but little frame¬ 
work is necessary except for the sub¬ 
structure. As there are no bending 
stresses in the walls, these bins can be 
made much deeper, thus securing a 
larger capacity on same groimd space, 
with same or a loss quantity of struc¬ 
tural material. Their bottoms are flat, 
hemispherical or conical. Suspension 
BUNKERS (Fig 156) are of steel plate 
or reinforced concrete. The bin body 
is suspended from 2 side girders, whi(^ 
in turn are supported by ox>hmms. 
Weight of contents causes sides to as¬ 
sume form of the equilibrium polygon 




Fig 155. Ors Bins, Porphyry Shaft, Inspiration Mine, 
Aria 


Fig l.'ie. .Suapension Mill Bin, Inspira¬ 
tion Copper Co 


(Sec 36), and when fully loaded, stresses in plates are tension only. As form of the 
curve changes with different degrees of loading, the plates are slightly distorted; and 
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for reinforced concrete the reinforcing, or steel framework supporting the reinforcing, 
must carry the load, the concrete serving only to protect the steel. 

Samses of this distortion are shown by dotted linee in Fig l.>6, 150. In Fig 156, the wt of bin 
nontents caused a drawing in of the flanks and lowering of the bottom, suflicient to make the die- 
bharge gate interfere with the pan feeder (67). In Fig 156, when bin was full, the flanks moved 
outward and bottom rose. To prevent such move* 
ments from afleoting operation of the feeders, 
these were suspended from the bin; but rigid con¬ 
nection between gates and bin plates was some¬ 
times broken by distortion. 

Suspension bins ate rarely used at mines for 
coarse ore, as large pieces may cause unequal 
stresses in the plates; they are commoner for mill 
Inns, after at least one crushing. Examples: 

I. A flat-bottom wooden bin, for loading ore 
or crushed stone into R R cars, has following 
dimensions: width, 26 ft; length, 40 ft; depth, 

12 ft; bottom of bin, 18 ft above fouii-iations; top 
of R R ties 22 ft below bin bottom; bin supported 
on eight 12 by 12-in and eight 8 by lO-in posts. 

II. Fig 161 shows steel bins for coal storage, at 
Phillipe mine, U. C. Frick Coal and Coke Co, Pa. 

Capacity, 800 tons. The coal is discharged into 
the bins from self-dumping cages. Hides are lined 
with 0.25-in buckled plates, supported by 15-in, 

42-lb I-beams, spaced 3 ft <> Vt-in centers. In¬ 
clined bottom is of S/g-in plate, its framing consist¬ 
ing of plate girders with 48 in by s/g-in web and 
flanges of 6 by 6 by Vl8-in angles. Girders are 
spaced 3 ft 5 V4-in centers, and tied together by 

2 angles 8 by 8 by 0.73-in and 1 plate 17 by 0.5 in SECTIONAL PLAN E-F 

at the bottom and 15-in, 42-lb I-beams at the top. Fig 157. Reinforced Concrete Bins, Croton Iron 
Main side girders consist of tw'o 15-iii 42-lb I-beams Mines (88) 

and one 15-in 33-lb channel. Floor is carried on 

12-in I-beams, spaced 1 ft 6 in centers. Coai is discharged through gates in vertical side walls. 

HI. Fig 152 shows a timber bin, designed for a jaw crusher to be mounted on its top and to 
receive fine ore from the grissly. Ore is discharged to curriers of an aerial tramway. Total timber 
required was 21 700 ft B M; 14 300 ft for the bin proper, and 7 400 ft for crusher floor, roof struc¬ 
ture, and siding. Capacity, 2 200 ou ft, or 110 tons of ore weighing 100 lb per cu ft, equiv^nt to 
6.5 ft U M of lumber per ou ft capacity for the bin proper. 

IV. Fig 153 shows a timber bin, somewhat similar to, but larger than the preceding. Planking 

is 5 in thick on bottom and front; 
3 in on ends. Bottom and front 
have a replaceable 2-in lining. 

V. Fig 154 shows steel hopper 
bins of Cananea Cunsol Copjier Co, 
receiving lump ore from R R ears 
on top. Ore is draam off onto a 
conveyer, through rack and pinion 
gates in bottom of each hopper. 
Bin is divided into 8 pockets, ap¬ 
proximately 15 ft square; capacity 
of each 2 640 cu ft, or 200 tons. 
Hide plates are 0.25-in, stiflooed 
with 7-in ohaniiels, spaced 4 ft 
apart. Hopper plates are >/g-in, 
stiffened with 10-in channels (85). 

, VI. At No 3 Mill, Witherbee, 
Sherman A Co. Mineville, N Y 
(86), a cylindrical reinforoed-con- 
orete bin is used for mill storage. 
Ore is magnetite, of 4-in sise, de¬ 
livered by belt conveyers. The 
flat bottom is carried on a oonorete 
Fig 158. Concrete Forms for Bins is Fig 157 arch, which houses the feeder and 

conveyer taking the disoharge from 
Inn. Capacity, 1 000 long tons. Outside diam, 25 ft; height, 50 ft. Inside diam u stepped in 
from 2 ft thick at bottom to 1 ft at top. Forma were built in 6-ft sections, of 7/g.in matched 
lumber. The reinforcing is 1 Vs-in discarded hoisting rope; coils placed 1 ft apart for vertioal 
TMUforcing and 2 ft apart for horisontal. 

VII. Porphyry shaft. Inspiration mine. Aria, has 3 cylindrical bins (63); two, 54 ft diam by 
43 ft deep, for ore; the third, 26 ft diam by 24 ft deep, reoeives waste rook from skips through a 
movable chute (Fig 155). Bin wails are of steel plate; bottoms, reinforced concrete. Total eapae 
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of lurge bins, 3 600 ton; small bin, 600 ton. Ore is discharged into R R oars, tbrongh 6 gates in 
bottom of each ore bin and 3 gates in waste bin. 

VIII. Fig 166 (87) is a section of a suspension-type mill bin, also of Inspiration Consol Copper 
Co. Width between rows of ooiumns, 3S ft; columns spaced 16 ft 8 in longitudinally. Length. 



'ig 159. Suspension Bin, New Cornelia 
Copper Co, Ajo, Aris {E db M J) 


330 ft; oross-sec area, 800 sq ft; capac, 40 tons per lineal 
ft. Top of bin plates is reinforced, forming a girder 
between columns. Discharge gates are in center of each 
bay. 

IX. A set of 4 cylindrical concrete bins, built 1014, 
at Croton iron mines, Brewster, N Y (88), are arranged 
in line (Fig 1.57). The bins are 23 ft 6 in inside diam by 
34 ft 3 in high; capacity of each, 390 cu yd, or 600 tons. 
Ore is withdrawn through hopjiers onto belt conveyers, 
running in arched tunnels under each bin. Bin walls are 
0 in thick, reinforced vertically by 0.5-in round rods 18 
in apart, and iiorizontally by old 0.76-in cable, spaced 
4.25 in apart for the Hrst 6 ft, 6 in apart for 10 ft, and 
then 9 in apart to the top. Forma (Fig 158) were 4 ft 
high, of rough 2-in chestnut. They were made by nailing 
face boards (not over 12 in wide) to 2 ribs cut to proper 
radius. Inner and outer forms were held together by 2 
rows of 0..'>-in bolts, lung enough to pass through 2 by 
4-in vertical bolting pieces outside the ribs. These bolts 
being greased and withdrawn, were used over and over. 
Each rise of the forms held 2,5.5 cu yd of concrete, and 
was filled in 10 to 11.5 hr by 9 men, including engineer 
and fireman for the hoist. A 0.1-cu yd batch mixer was 
used, concrete being hoisted at one end of line of bins 
to scafTolding above the form. Foundation mixture was 
1 : 3 : 6; walls, 1 : 2 : 4. Coarse aggregate of 2.5-in 
stone was used in the 9-in walls, with careful tamping. 

X. Mill bin of New Cornelia Copper Co, Ajo, Aris 
(87), is of suspension type (Fig 159). Area of cross-sec, 
about 065 sq ft; length, 300 ft; capac, per lineal ft, 33 
ton; width, c to c of columns, 32 ft; columns spaced 20 
ft. Top edge of side plates is reinforced, to act as a girder, 
bix discharge gates, 10 ft apart. 


Cost of timber bins. Labor, nails, bolts, and iron work, exclusive of steel plate lining, 
cost $25 to $35 per 1 000 bd ft, to which is added the timber cost. 

Cost of concrete bins. Fovir bins of the Croton iron mines (Example IX) cost, after 
crediting the future value of the form lumber: for foundations, 221 cu yd at $3.81, $^2.61; 
structure atiove foundations, 380 cu yd at $9.76, $3 710.28; total, $4 552.89. 

This includes labor and material, lumber and reinforcement, but not the cost of excava¬ 
tion, nor charges for sujiorintcndenco and depreciation of plant. 

A 400-ton reinforeed-concroto coal pocket, at the Atlantic City (N J) water works, is 
30 ft diam, with conical liuttom and pyramidal roof. Concrete was 1 cement, 2.5 sand, 
6 gravel. Plain reinforcing bars were used. Excavation, 233 cu yd; concrete, 317 cu yd; 
steel for reinforcing, 13 7{K) lb; steel beams, plates, etc, 3 250 lb. Contract price, $3 795. 

A group of 4 reinforced concrete bins for sand storage, with a total capacity of 2 200 cu 
yd, required 680 cu yd of concrete and 4 510 lb of steel reinforcing. Labor, 60 working 
days for 11 cariienters and 14 laborers. 

The above figures on concrete bins are based on costs prior to 1915; for cost in 1938 
add 80-100%, 

Cost of steel bins comprises: (a) material; (b) fabrication; (c) erection; (d) traris- 
portation. Cost varies with local conditions, and largely with design. For preliminary 


Table 39. Cost of Steel, V-bottom Bins (1914); for 1938, add 80-100% 

Labor Material Total Quantity Total unit cost 


Excavation. 42 303.11 $ 39.16 $ 2 342.27 I 428 cu yd $1.64 

Foundations. I 235.51 2 247.70 3 483.21 612.3 cu yd 5.69 

8teel structure. . 29 276.63 353 09 tons 82.92 


.. . ....... .. A7 ^ J LUIHI 

Gates. 901.15 1 984.93 2 886.08 30 gates 96.20 

Conveyer No 1. 310.92 2 947.19 3 258.11 97.3 ft 33 49 

Conveyer No 2. 355.I9 7 498.03 2 853.22 117.3 ft 24.33 


Lighting. 60.87 24.67 65.54 22 drops 3.69 


Total .I .I.I $44 185.06 
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Mtimstes, following figures in i per lb may be used: (a) material, Zjt; (b) fabrication, 
including drafting, mill details and shop labor, painting, and transport from mill to shop, 
3,5^; (e) erection, 1.5^; total, exclusive of freight from shop to point of erection, 8^. 

Aoeordins to M. S. Ketohum (85) the coeta of bins of dilferent materials and designs is as follows: 
Wooden bins oost about half as much as steel or oonorete. Suspension bunkers are cheaper than 
other types, costing 60 to 70% as much as rectangular bins. Cylindrical bins are slightly cheaper 
than rectangular. Reinforced-conorete bins cost approximately the same as steel bins of same type. 

Cost of Steel V-bottom receiving bins (Fig 160), at the smelter of the Arizona Ck)pper 
Co, Clifton, Ariz, is given in Table 39 (89). Bins are in 2 separate structures: coarae-oro 
bin, 26 by 70 ft, divided into 4 pockets; concentrate bin, 25 by 100 ft, divided into 6 
pockets. Fig 160 shows a cross 
seotion of bins and gates. Exca¬ 
vation for each pier was 7 by 7 ft, 
in gravel 16 to 25 ft deep. For 
foundations only 5% of the con¬ 
crete required forms. In the bin 
structure are 11.35 tons of corru¬ 
gated steel and 341.74 tons of 
structural steel. Gates are oper- 
ated by rack and pinion, 12 for 
the ooarse-ore bin cutting upward 
through the stream, and 16 for 
the concentrate bin cutting downward. No 1 conveyer, 97 ft centers, has a 30-in belt, 
and includes traveling feeder, motor for drive, and all accessories except steel frame for 
supporting the idlers. Conveyer No 2, 117 ft centers, has a 20-in belt, and includes the 
same items as No 1 conveyer (Table 39). 



a in 




CUSlb. 



McwMih. 


OATC fnn rccCivino bin 
Fig 160. V-bottom Bins, Ari« Copper Co (89) 


37. STRESSES IN ORE BINS 


Forces acting on bin walls depend upon the weight per unit of volume, angle of repose 
and moisture content of the bin filling, and angle of friction of the filling on bin wails. 
Shallow bins. When the walls are flat, and the plane of rupture cuts the free surface of 
the contents, the theory and formulas for retaining walls apply. According to Coulomb's 
theory, the plane of rupture forms with tho bin wadi a “wedge of maximum thrust,” which 
exerts pressure on the w'all. For a vortical wall, without surcharge or heaping of the 
material above the tup, the plane of rupture bisects the angle between the wall amd the 
plane of repose of the filling, provided the resultant thrust is normal to the wall. In tbia 
case, the resultant thrust may be assumed as making an angle with a normal to the wadi 
equal to the angle of friction between the filling and tho bin wall. Eankine’s theory, on 
the other hand, assumes that the direction of the resultant thrust on a vertical wall is 
fdways parallel to the top surfaice of the filling; so, that the angle between the direction of 
the resultant thrust and a normal to the wall is never greater than the angle of repose of the 
bin filling. In both methods of solution the point of application of the resultant stress is 
assumed at one third the height of wall. 


Algebraic methods. Factors in the formulas for pressure on bin walls are; P = renultant 
preMure per ft of length of wall; N = total normal pressure per ft of length of wall; 0 angle of 
repose of bin filling; e' ~ angle of friction of the filling on the wall; 0 ~ angle between plane of wail 
and the horizontal measured on loaded size; i > angle of suroharge; z « angle between direetion 
of P and a normal to wall; \ = angle between P and the horizontal: A •• vertical height of wall; 
to = wt of bin contents per cu ft. « 

Rankine’s formula, for a vertical wall without surcharge, is 


P - 

and for a vertical wall with surcharge 5: 


1 

2 1 + am 0 


If S 0, then 


P 

P 


1 . cos t — y/ eos* 6 — 008^0 

- UlA* cos 6 -—- ,3^ - ^ 

2 cos 4 + V COB* 4 — oos*0 

- wA* 008 4 
2 


( 1 ) 

( 2 ) 

(3) 


In Eq 1, 2, and 3, the direction of P b assumed parallel to upper surface of the bin contents, and 
its point of application at one-third of the vertical height. 

Coulomb'a theory giva the following formu'oa: 


. iioA*- 

sin* $ sin (4 -f z) 


un* ( 9 — 0 ) 
L + 


■V; 


Isin (z + </>) HiTi (0 — 


sill (9 + z) Sin (9 


- «/ 


(4) 
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Iff in Eq 4(« be made eqxwl to aero, P N and 


Jf mtwh* 


ain* (S — 


ein* »(l+ \/5i5„tElV 

\ Vein • • ain (4 — 4)/ 


For a vertical wall t - 90”, and £q 5 reduoea to 


IV - - wW 
2 


4- » • Bin («> - 4) ^* 


For a level top anrfaee 4 0”, and Eq 6 reduces to 


1 1 “ sin <h 

If m - tuA*- 

2 1 + sin ^ 


(O 


(A) 


(7) 


which is identical with Rankine'a formula (Eq for a vertical wall, with upper surface of filling 
material level with the top. 

Cain’s formulas assume that s — Eq 8 to 22 applying also to shallow bins. In addition to 
previous nomenclature, N' » normal prrasure on the wall when 0 0. 

(a) Vertical wall, surface of filling level, t 0 ', 


and 

If 

If 


/> - _ toA» - 
2 

cos 0' 

JV - P cos 0' 

0-0', p-iu>A» 


cos* 0 


,'^ 14 . (0 -i- »') win 


cos 0 


2 (l4-Bin0V2)* 

- 0, 2V' “ 1 teA» tan* ^45* - 


(b) Vertical waQ, surcharge ■■ 4, a 0', 


P - ±m,A*. 
2 


cos* 0 


cos 0' 


(i+V 


'sin (0 4- 0 ') sin (0 — 


If 

and 

If 


cos 0 ' * cos 4 

4-0, p_ 

2 cos 0 

A’ P cos d' ^ ’“A* ^ 

0 ' — 0, AT i wb* cos* 0 
2 


«)• 


(e) Wall sloping outward, 9 < 90“ 4" 0 ', 4 ■■ 0, 


P - 1 m** 
2 


sin* (9 — 0 ) 


• /./ 1 « I , I */sin (0 4 -0') sin 0 \* 

iin (0' 4- B) sin* 9 I 1 4- \ -—— - — - - 1 

\ Vain ( 0 ' 4- 9) sin 9/ 


JV - P coe 0' 

(d) Wall sloping outward, 9 < 90“ 4- 0', surface surcharged. 


p - ± w/i*- 
2 


sin* (9 — 0 ) 


(0' + 9) sin* 9 (1 + .+ ,»!) (» - 4) V 

\ V sin ( 0 ' 4- 9) sin (9 — 4)/ 


Bin 


AT — P cos 0' 

(s) Wall sloping outward, 9 > 90“ + 0 ', 4 ■» 0, 


— ^ i»A* “^tan* 9 4- tan< ^45* — 


( 8 ) 

(9) 

( 10 ) 

( 11 ) 

( 12 ) 

(13) 

(14) 
(16) 

(16) 

(17) 

(15) 

(19) 

( 20 ) 
( 21 ) 


A’ — P cos 0 ' 

In above cases, if T is the component of P parallel to wall, the thrust in plane of wall is 

T - P sin 0' (22) 

Deep bine. The pre'-cding formulas for shallow bins do not apply when a bin is so deep 
that the plane of rupture of contents cuts the bin walls. Following formulas are by 
M. S. Ketchum (85): 

wB/ 
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In whiolii in nddition to preiriouB notntioa; V « Tortionl pressure of filling, lb pereq ft; L ~ Intwal 
preesure of fillii«, lb per eq ft; J2 -• area of bin in sq ft -i- oiroumference of bin in ft » “hydraulie 
radius’’ 4rf,bid; h depth of filling at any pmnt, ft; s <• tan ^ >- coef of friction of filling on filling; 
It' tan ooef of friction of filling on bin walls; A; » constant depending on character of filling; 
€ « base of Nap log 2.71828. 

The approsmate value of k may be calculated from A; <1 — sin 0 ) (1 + sin ^). 


Constantg applying to materials in bins are tabulated from various sources in Table 40. 


Table 40. Constantg Applying to Materials Stored in Bins 


Material 

Wt, lb 
per cu ft 

Angle of 
repose 0 , 
degrees 

Angle of friction 0' on 

Steel plate 

W'ood 

Coniwete 

Bituminous coal. 

47-56 

35-40 

18 

35 

35 

Anthracite coal. 

52-56 

27-30 

16 

25 

27 

Slaked coal... 

53 

38-45 




Coke. 

23-32 

45 

25 

40 

40 

Ashea. 

40-43 

40 

31 

40 

40 

Ore, Boft iron. 


35 




Ore, various. 

100-140 

38-42 

15-20 

38-40 

38-40 

Crushed shale.... 

90 

39 




Portland cement. 

103 

30-35 




Sand. 

90-120 

34 

is 

30 

30 


Suspension bunkers. The stresses are dxie to a load which varies from sero at the 
support to a maximum at the center, and the loading varies nearly as the ordinates to a 
straight line (Fig 161). 

maximum load at center of bin, lb 
onC'half bin span, ft 
depth of bin, ft 
wt per cu ft of bin filling 
maximum tension in plate per ft of length 
capacity of bunker in eii ft per lineal ft of bin 
loaeat point of bin and origin of ooordinatea 

The equation of the curve of the bunker ia. 



P 

I 

S 

w 

T 

C 

B 


2 1* V I / 


(25) 


which shows that the shape of the curve is independent of maximum 
load and depends only on width and depth of bin. 

Capacity of a bunker level full is C » 6/4 IS (26) 

Max pressure P at center is calculated as follows: 

PI — Cu’, P Cui + I, aikd from Eq 26 for a bunker level full, P ■» 8/4 Sw (27) 
Tension in the plates at supports A and l> is 


Cw 




+ 


n 


(28) 


l.engtb of bin curve is not exactly determinate. If L l>e the length for one-half Cbto eurve 

L y/ J** + (iy* 

Jtt 

By substituting values of dx and dy from Eq 25, the length of pne-half the curve ia 

L - r'vTl*"TTs*l2^r-^r* (ir 

2 1* Jn 


( 20 ) 


By using Simpson’s rule for approximate integration, with 10 divtsions, one*half the length of curve 
becomes 

L - ~ X [yp + Vio + 4 (yi + + V» + ^7 + y») + 2 (yj + + », + yj)] (30) 

in which y ■» y/i + 9 S* (2 *i — x®) (31) 

In Eq 30, 31 Vg “ value for * “ 0; yi = value for ar «= i 10; yt «= value for * »■ 2 i + 10; and 
so on. Ten divisions give sufficiently accurate results for practical purposes. 

A diagram due to R. W. Dull for calculating stresses, capacity, and length of curve of suspension 
bunkers, is given in Fig 162. It is for coal weighing 50 lb per ru ft. For material of different 
weight multiply the stresses in the diagram, and the rapacity per ft of length, by the ratio of the 
weight of material per cu ft to 50 lb. To use the diagram, assume that a capacity of 6 tona of coal 
per ft of length is required, and that the bin is to be suroliarged. Enter right-hand diagram at 6 
tons. Below intersection boric line with surcharge curve is depth S ■■ 11.55 ft, and width 






































Fig lfi3 Graphic Solution for Shallow Bins 


1 1 "" win. ^ 

full, the normal pressure on side BC is V “ - wh} triangle BCa 

N, unit press at B •=■ 0, and the unit press Ca - (area BCa) -i- Vs h. Total normal press 
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Nt and xinit presBurea on side AD are sitnilarly found. For the bottom DC, oontinue AB 
sad DC to intersection at E. Weight W of triangle EBC acts through its center of gravity, 
and by construction the nomial press on EC » cb, 
represented by the area of the triangle ECo, The unit 
normal press Co at C ■« (ai-ea ECo) + i/a EC. Unit 
normal press Dn at D is found by construction, and the 
total normal press Nt on the sloping bottom CD is 
represented by area of trapezoid DCon. It acta at g 
through the center of gravity of the trapezoid. The 
component of the weight of the bin filling acting paral¬ 
lel to the plane of DC is ae. If, in Fig 163, the bin bo 
extended, with a horiz bottom, to the right, to such dis¬ 
tance that the plane of rupture laid off from C to right 
of BC (instead of to left, as shown) cuts the surface, 
the direction of N would be reversed. N would be 
extended to intersection with W at/, the resultant of N 
and W laid off acting through/, and a normal from end 
of resultant to EC extended represei.ta normal press on 
EC, in a similar manner to cb. With normal press 
known, the remainder of construction is same as above. 

Stresses in the bin framing. Total horiz and vert 
stresses at the intersection are shown in Fig 164. These 
are carried by the framework and calculated in ordi¬ 
nary manner. 





Fig 164. 

Trautwine’s formulas for the pressure on vertical bin. walla are: 

(a) Surface horizontal, horiz press per ft of length of bin is 


Stresses in Bin Framing 


— w)fi tan* 
2 




(32) 


For anthracite coal, total horiz press «■ 9.78 h-, and press on lowest foot ■ 
For bituminous coal, total horiz press •• 0.37 b*, and press on lowest foot 

(b) Surface sloping, S 41 , horizontal pressure — wb* sin* 


(«-|) 


0.78 (2 A - 1) 

■ 6.37 (2 A - 1) 


(33) 


For anthracite coal, total horiz pre.s8 = 14.22 b* and press on lowest foot “ 14.22 (2 A — 1) 

For bituminous coal, total horiz press a 10 A* and press on lowest foot •• 10 (2 A — 1) 

Stresses in circular bins are usually calculated the same os for deep bins. For boriz prem on 
walls at any point, £q 24 applies. Tensile stress in wails per ft of height at any point Lr, in 
which L •• horiz preiss, lb per sq ft (Eq 24), and r ■■ radius of bin. If bin is shallow, entire weight 
will be carried by bottom. If deep, Eq 23 applies. For flat bottoms, press is normal and equal at 
all points. If conical, tensile stress, at any point in the bottom parallel to an element of cone, is 


// - (,ri* V + 

2 ir/i 


R’l) 


(34) 


in which 9 » angle cone makes with horiz; ri •• radius of cone at point considered; Wi •• wt of 
bottom and filling below this point; V » Eq 23, considering rsditu of bin ri instead of r, and •• 4 . 

Horiz stress at any point in conical bottom is lit = Lri (35) 

in which L is found from Eq 24, using ri for r. In spherical bottoms, the tension parallel to any 
meridian is 

H-, coser 9 




- Vr' 
2 


+ 


vri 


in which values are same as in Eq 34, 6 » angle of tangent to meridian with horiz, and r' radius 
of sphere. The tension normal to a meridian at any point is 

//, « 1/2 Vr’ (37) 


BIBLIOGRAPHY 

1. Notes on Deep Level Winding. J. A. Vaughn, .^our f?o Africa Inst of Engrs, Vol 23, Oct 1924: 

Trans Instn Min & Met (England), Vol 34 (1925), p 104 

2. Jlftne* and Minrrals. Vol 24, p .581 

S. Electric Drive for Mine Hoists, Russel S. Sage. Gen Elec Gm Bull GET 198 

4. Winding Engines and Winding Applianc^. McCulloch and Futera 

5. Koepe Hoist with Ohnesorge Pulley. Theodore Simons and Gerhard Grassmueek, E A M J, 

Vol 135. Sep 1934, p 387 

6. Electric Equipment for Homestake's New Hoist. R. S. Sage Gen Elec Co, BitU Q E A 2270 

7. Deep Mine Moisting. H. W. Dow, E A* Af J, Vol 1.35, May 1934, p 200 

8. Determination of the Electrical Equipment for a Mine Hoist. G. Bright, Trans A I M E, Vol 06 

9. Electric Hoist at the Belmont Mine, Butte. C. D. Woodward, Min i Met, Vol 8, p 380 

10. Allis Chalmers Co, Ball 1830, p 31 

11. Study of Stresses and Design of Head Sheaves. Co‘il Age, July 27, 1922, i> 127 




12-136 HOISTINO PLANT, SHAFT POCKETS AND ORE BINS 

12. Wire Easineerinf. jEvQ. J. A. Roebling ft Sona 

18. y S Bur of 8tondar4, 208 (1925) 

14. Aeoeleretioa Streeeftria Wire Hoisting Rope. Q. P. Boomaliter, TVons AIMS, Vdi 78^ 1927 

15. Wire Rope Useie Handbook, American C^Ue Co 

16. Coal Ate, Vol 81. Feb 1927, p 263 

17. Frans A 1 M E. Vd 68 (1923), p 171, 189 

18. Trana North of England Inst Min ft Meeh Engrs, Vol 62, pt 1 

19. Safe Practice in Using Wire Rope in Mines. U 8 Bur of Mmes, Tech Pap 237 (1910) 

20. Jour Ho Af Inst Engrs, Apl 1913; £ ft M /. Sep 6,1913, p 448 

21. Coal Age, Vol 34, p 654 _ 

22. Notes on Wire for Mining Ropes. A. T. Adams, Coll Guardian, Vol 139, Sep 1929, pp 901-995 

23. Largest Mine Hoist in World. Hkillings Mining Rev, Deo 19^920 

24. Wire Rope for Mines. M. A. Hogan. Instn Min ft Met (England), Apl 1037 

25. Characteristic Life and Work of 30 Hoisting Ropes. Jour So Africa Inst Engrs, Jan 1913 

26. Coal Age, Vol 31, Jan 1927, p 83 

27. Selection and Care of Hoisting Rope. David Butchart, E A M J, Vol 131 (1931) 

28. £ ft M/<mr, Vol 123, pp 458,748 

29. Co(U Ajge, Vol 2, p 49 

30. Development and Trend of Rend Winding Practice. W. Eladon-Dew and J. J. D. Ddan, 

8 Africa Inst of Engrs, J our 33, 1035, pp 265-279 

31. Mines ft Aftnerals, Apl 1994, ^413 

32. Reconstruction of Devastated French Winding Equipment. Vickers Oasette, Jan 1922 

33. Mine Plant Design. W. W. Staley, MoOraw-Hill Book Co, 1936 

34. Ore Hoisting in Butte District, E ft M J, Vol 129 (1930), p 441 

35. Nordberg Mfg Co, Bull 43 

36. Electric Operation of Hoists G. Fox, £ ft Af J, Vol 126 (1928), p 91 

37. Mine Plant Volume. Benmmin F. Tillson, A I M E. 1938 

38. Principles and Practice of Electrical Engineering. Gray. 3rd Ed. MoGraw Hill Book Co 

39. A Comparison between Steam and Electric Winders. A. L. G. Lindley, Jour So Af Inst Engrs. 

Vol 33, June 1935 

40. E ft Af Jour, Vol 125, .Tan 1928, p 179 

41. E & M .four, Vol 126, p 313 

42. Automatic Hoist Control at Emma Nevada Shaft. J. E. Borland, £ ft Af /, Vd 129 (1930) 

43. Miami’s Automatic Hoist. F. R. Grant, £ ft Af J, Vol 129, Apl 7, 1930 

44. Cost of Hoisting. J. Elsing, £ M J, Vol 135 (1934), p 59 

45. New Orient, an Unusual Coal Mine. Q. B. Harrington, Frans A I M E, Vol 72 (1025), p 798 

46. Safety Practioe for Moisting Rope. Trans A I M E, Vol 66 (1023), p 171 

47. Compressed Air System at Butte. Trans A I M E, Vol 46 (1913), p 826 

48. Compressed Air Plant, Robert Peele, 5th Ed, 1930 

49. £ ft Af •/. Vol 83, p 1133 

50. Hoisting Plants for Great Deptlis. Trans Instn Min ft MeL Vol 11 

31. Building Reinforced Concrete Shaft Houses. Trans A I M E, Vol 66, p 22.5 

52. Design of Headframes. £ ft Af J, Vol 103 (1917), p611 

53. Deeigii of Mine Structures. M. S. Ketchum 

54. E A M J, Vol 94, p 036 

5.5. Design of Small Wooden Headframes. W. W. Staley, U H Bur of Mines, Inform Cire 6043 

56. .Safety Practice for Hoisting Rope. Frans A I M E, Vd 68 (1913), p 171 

57. Coal Age, .Sep 7. 1022, p 3.)1 

58. U S Bur of Mines, Bull 15 

59. Standardisation Handbook. American Mining Congress 

60. A Practical Safety Signalling Hystom. 11. D. Keiser. E A M J, Vd 120 (1028), p 137 

61. .Safety Cage Signalling System. E ft M J, Vol 131 (1931), p 448 

62. U S Bur of Mines, Inform (,’ire 6071) 

63. U ,S Bur of Mines, Inform Cire 66.58 

64. BAM Jour, July 1930, p 71 

65. BAM Jour, Aug 19.30, p 167 

66. U S Bur of Minee, Inform Cire 6674 (1032) 

67. £ ft Af Jour, Nov 1933, p 459-71 

68. £ ft Af Jour, Nov 10, 1930. p 437-442 

69. Frans A I M E, Vol 63, p 808-817 

70. Trans A I M E, Vol 48, p 247 

71. £ ft Af Jour, Feb 18, 1928, p 304 

72. £ ft Af Jour, Vol 94, p 254 

73. £ ft M Jour, Apr l.>, 1011 

74. U S Bur of Mines, Trrh Pap 276 

75. Coal Am, Nov 30, 1922, p 86.‘> 

76. Safety Catches and Appliances in Mine Shafts. Rep Transvaal Comm on Hoistiag Ropea, 1907 

77. Inspiration Consol Porphyry Shaft. E A M J, Feb 10,1025, p 265 

78. .Skip Hoisting for Coal Mines. Frans A1 M E, Vd 66 (1922), p 370 

79. E A M Jour, June 7, 1930. p 555 

80. £ ft Af Jour, May 1932, p 281-4 

81. Lillev Hoist Controller. E A M J, Nov 30,1918, p 956; Coal Age, Nov 25,1920, p 1070 

82. Mechanical Engineering of Collieries. Futers, Vol 1, p 265 
S3. £ ft Af Jour, Vol 95, p 26.5 

84. Coal Aer, June 26, 192^ p 935 

85. Walls, Bins and Grain Elevators. M. S. Ketchum 

86. £ ft Af Jour, Vol 96, > '>59 

87. Design of Large Suspension Bins. H. K. Bureh, £ ft Af /, O.u 11, 1024, p 166 

88. Cylindrical Concrete Bins £ng Veuis, June 4,1914 

89. Trans A I M E, Vol 49, p 48 

90. FronsAIME, Vol 48 6931),.<247 

91. Mines ft Aftn July 1904, p f*l4 

92. Mines ft Mtn Jan 1910, p 359 

93. £ ft Af Jour, Moh 21, 1925, p 477 



SECTION 13 


DRAINAGE OF MINES 


BT 

THE LATE ROBERT VAN ARSDALE NORRIS 

CONBXJI/nNO MIKINQ EMOINBKB 


REVISED BY 

ROBERT E. HOBART 


MECHANICAL SCPERINTBNDENT, LEHIQH NAVIGATION COAL CO 


AAA FACE 

1. Boureea and Control of Mine Water C2 

2. Prevention of Inflow. 02 

3. Sunipe, Underground Dsnia, Bore- 

holee and Piping. 04 

4. Drainage Tunnels. 10 

5. Hiphone. 10 

0. Hoisting Water in Tanks. 11 

7. Steam Pumpe. 11 

8. Compressed Air-driven Pumps. ... 11 


Note.—Numbers in parentheeen in text refer 


ART pagb 

9. .Mr-kft Pumps. 12 

10. Kleetrically-driven Pumps. 12 

11. Pump Rooms. IS 

12 r'«,o».v IMves and Strainers. 18 

1.3. Automatic Operation of Centrifugal 

Pumps . 10 

14. Neutralising .4f‘id Mine Water ... 21 

Bibliograpliy .. . . 21 


to Bibliograpbv at end of this section. 


18-01 















DRAINAGE OF MINES 


1. SOURCES AND CONTROL OF MINE WATER 

Stuface inflow through outcrops is the chief source of mine water in regions of heavy 
or moderate rainfall. es})ecially where mines are worked to the outcrop, and large drainage 
areas are above or tributary to extensive outcrop workings. In such cases, mines may 
be subject to sudden floods, which usually require definite times to reatth the workings. 
Hence records of quantity and character of precipitation, and time and extent of resulting 
extra inflow, should be kept for their value in giving warning. Deposits outcropping 
under water-bearing surfac^o wash, as in alluvial valleys, while not exposed to similar 
flooding, are subject to continuous percolation through the strata, the amount dependent 
upon the character of tlie measures and closeness of mine workings to buried outcrop. In 
case of a coal seam in contact with a bed of fire-clay, the latter may be washed out over 
areas sufiicient to cause disastrous inflow. Surface flood water may also find its way 
into mine openings or open crop-falls (1). 

Surface water through cracked or broken measures may bo more dangerous and 
troublesome than that from open outcrops. Whore a deposit has been extensively worked 
by open or by shrinkage atopcs under fissured rock cover, cracks and crevices may admit 
large quantities of both surface and ground water, combining serious permanent flow with 
periodical flooding from rainfall. 

Flooding may also come from caves extending into water-bearing wash or water-soaked deposi¬ 
tions, from mining under too thin a rock cover, or cutting into “ pot-holes " or buried valleys. At 
Nanticoko, Penn, 20 men were buried in quicksand from a pot-bole over 100 feet deeper than the 
surrounding rock. 

Water from permeable measures i.s always possible, and in formations like soft massive sand¬ 
stones may be expected. It may enter ns seepage, or under pressure, often from large areas, result¬ 
ing in persistent inflows. Relief can be obtained only by draining entire basins, or by general 
lowering of ground-water level. Wxteb fbom cBEvtcEs ob imDEHuBOCNn channkes is sometimes 
encountered in shaft sinking or in mining itself, coming in unexpectedly and in large volume. It 
may persist to the complete drainage of territory tapped. Water from PNsusi'scTEn vwdbr- 
OKOUND CAViTiBH, either natural caves or abandoned workings, is fortunately rare. Its serious 
aspect, aside from quantity of water, is suddenness of inflow, which may endanger life and quickly 
flood lower workings. 


2. PREVENTION OF INFLOW 

Surface. It is generally cheaper to keep water out of mines than to remove it after 
it has entered. While it may be impossible to prevent the entrance of all water, the 
amount can usually be decreased by attention to sources of inflow. In impervious soil, 
entrance of surface water can be minimized by well-planned ditching around outcrop or 
fractured areas. In permeable soil, ditches should be lined, or wooden or concrete flimies 
installed. If streams or drainage chamicla cross outcrops or fractured areas they should 
be flumed, or diverted by canals, designed to take maximum flood volumes, and located to 
minimize danger of rupture from surface settlement often occurring during flood periods. 

Drainage works are sometimes built through extensive districts by a combination of interests, as 
in Haaleton region, Penn, where Black Creek has been diverted outside of the coal measures for 
miles, relieving the drainage situation in a number of collieries, each of which formerly pumped 
praotioally the entire creek flow. 

Besides diverting surface water, the discharge of mine pumps must be delivered outoide oi 
drainage area of mine. Tl'ii may cause contamination of streams. Some state courts have ruled 
that discharge of mine warer into its natural drainage channels is permissible, but that damages 
may be recovered for its discharge into streams not reached by gravity in case the mine should fill. 
Thus, drainage tunnels discharging onto unpolluted watersheds may furnish ground for damages. 

Entrance of flood water througti openings other than crop-falls or cracked measures should be 
impossible. If there are openings below flood level, along creeks or in alluvial flood plains, shut-oQ 
doors or temporary dams should be installed. In planning new openings flood rec^ords should be 
obtained, and openings placed well above danger line. Damage from flooding may be so serious 
as to warrant considerable expenditure to avoid it. In cose of ehafts, the cost of extending water¬ 
proof curbs above possible flood level is small, and the shaft spoil may be economically used for 
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noMMuy to nuM jdont above higb-wat«r mark. This haa been dona at many ahafta in the 
flood plain o'! Susquehanna River, Penn, shaft curbe being at least 5 ft above highest recorded flood 
xnark; also, provision is made for shutting openings promptly in case of poesiole higher floods. 

ITndergrouiid. In mining under heavy water-bearing wash or quicksand, it is impera¬ 
tive to leave sufficient rock cover, and to keep workings far enotigh below buried outcrops 
to avoid danger. Preliminary exploration of rock surface should be done by borings suf¬ 
ficiently close together for making a fairly reliable contour map of the buried rock surface. 

Fig 1 is a map of a small area of the burird valley of Susquehanna River, showing the great 
irregularities of rock surface revealed by borings. The wash varies from less than lllU to nearly 
300 ft deep, and without borings the workings might easily have been extended into unsusperted 
deep receeses in the rock. In such boring, especially in stratified measures, some holes must be 
continued into the rock, to determine its nature. These holes should be grouted to the rock surface, 
to prevent entrance of water through them to eubaequent mine workings. 



Fig 1. Map of Rock Surface of Buried Valley 


Rock thickness required between workings end overlying wash depends so largely on 
character of deposit, nature of overlying rock and method of mining, that no genertd rule 
is possible. In the Wyoming Anthracite Field, Penn, under the Susquehanna Valley and 
under the river itself, the rock cover varies from 100 to 50 ft minimum; under deeper wash, 
from 20 to 100% of thickness of wash. Under aver conditions, with sandstones and slates 
overlying mine openings, and with ample pillars, a rock thickness above workings equal to 
1/8 of total cover is a reasonable minimum. In steeply-pitching measiires, thickness of 
cover is determined by the distance from outcrop required to prevent inflow along bedding 
planes; best determined by test openings toward outcrop. 


Douglas Bunting givee the following relations for 21 ft width of mine openings; 

T •> l.fi y/d -f 5 (strong measures, rock surface fully explored). 

T K 1.5 -s/d + 16 (softer measures, liable to disintegration, rock surface fully explored). 

T “ 1.5 ■y/d -i- 40 (strong measures, rook surface imperfectly explored). 

T 1.6 y/d + 50 (softer measures, liable to disintegration, rock surface imperfectly explored). 
In theee formulas: T » thickness of rock cover, d • depth of surface wash, ft. 


Grouting and waterproof lininga. Inflow from water-bearing strata is avoidable by 
waterproof linings of shafts and other openings, or by grouting under pressure into sur¬ 
rounding rocks. 
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In approaching kwnm or poasible olp wobkikob, and when mining in limestone where 
cavities may be expected, drill holes, preferably bored through gate valves previously 
secured, should be kept well in advance of all workings, to avoid disastrous inrushes of 
water, and to control flow from any orebody which may be tapped by boles, letting water 
out only in such quantities and at such times as may bo suitable for capacity of the pumps. 

No means have yet been devised for materially diminishing the inflow of deep ground water, as 
encountered in porous formations of some western mines. An adequate pumping plant is the sole 
safeguard. Grouting in advance of sinking may be done through bore boles surrounding proposed 
shaft location; or during sinking through radiating drill boles; or subsequently behind shaft lining 
of steel, brick, stone or concrete (Sec 7, 8). 

In case of fissured or broken ground the flow may be reduced and sometimes entirely cut off 
by cement grouting under pressure through bore boles, or by the Kirby (patented) process, consist¬ 
ing of injection through drill holes or into partly-plugged cracks of chopped straw, sawdust or other 
finely divided material, followed by clay, slimes or mud (first used at the Flat River, Mo, mines of 
Federal Lead Co, where it practically stopped the flow from a network of fissures previously 
unconqumable). 

Sometimes, when water pressure in cracks or fissures is so great that plugging in preparation for 
grouting ot mudding only resulta in spreading the water through considerable areas of fractured or 
permeable rock, the pressure may be relieved by drilling diagonal holes into the cracks, and plugging 
and grouting cracks, after which the drill boles which have taken the flow temporarily are perma¬ 
nently closed. 

Tapping underground regervoirs. When approaching suspected bodies of water under 
pressure, bote boles should be kept in advance of the face, and bored in such manner as to 
permit withdrawal of drill rods and closing of hole when water is encountered. One hole 
(better 2 holes) should be bored straight ahead of face, 10 to 20 ft in hard rock, 75 to 100 ft 
in soft rock or bituminous coal. Other holes, of about same depth, should be drilled 
obliquely forward (abotit 30° from center lino) at intervals of 8 to 12 ft. If water bo 
tapped unexpectedly, insert a dry soft-wood plug of diam small enough to enter freely; 
push to bottom of hole, and hold there by a rod or pipe of suitable length, and a larger 
plug driven into neck of hole. In several hours the inner plug will have swollen tig^t, 
when outer plug can be removed; then enlarge outer 5 or 6 ft of hole. To a piece of 
heavy pipe screw a sleeve coupling at one end and a straight-way gate valve at other. 
Insert coupling end into enlarged hole, and wedge with oakum and dry soft-wood wedges; 
also brace outer end of pipe against timbering, if pressure be great. Insert drill through 
gate valve, bore through inner plug, withdraw drill, and regulate flow of water by gate 
valve. If position of water body be known with certainty, the above preparations can 
be made in advance, and boring finished through a stuffing box attached to end of valve. 

Water rings. If complete waterproofing of a shaft be too costly, water rings may be 
built into the lining, to lead water entering above them into sumps excavated in sides of 
shaft, whence it may be pumped to surface, saving a material vertical lift, or piped down, 
the abaft, and power thus obtainerl utilized. Such rings and intermediate sumps are 
especially desirable for very deep shafts, where pumping is done in two or more lifts, the 
intermediate sumps then serving for upper pumps. 

Chain pillars. In deposits opened by drift or tunnel, and later worked l>c]ow water 
level, a chain pillar sufficient to retain permanently all surface water should be left on the 
water level. Openings to dip are so arranged that water can bo led past them and out 
through tunnel. A chain pillar ties up part of the mineral, which, however, is recoverable 
before final abandonment of the property, and by reducing pumping throughout life of 
mine may pay for itself many times over. 

3. SUMPS, UNDERGROUND DAMS, BOREHOLES AND PIPING 

Drainage levels. In general, water should be intercepted at as high a point in the 
workings ns possible, to avoid unnecessary height of pumping lift. But this principle is 
modified by considerations as to the best points for locating sumps and installing pumping 
plant, even at cost of increasing the head for a portion of the water. The main collaction 
point should be determined early in the development of a mine, and ail o^ienings driven 
from it should have a grade of at least 0.25% (0.5% being sometimes ailopted, to make 
haulage resistance neivrly equal for both empty and loaded cars. See Sec 11). Water 
ditches, excavated below or on .me side of track, in entries, drifts or tunnels, should be 
kept clean and open. If mai*r drainage levels are in broken or fissured ground, ditches 
should be lined with concrete; or wooden flumes, half-round terra cotta tiles, or even pipe, 
may be used, to prevent water from p<4rGolating into lower workings. 

For proper drainage, chain pillars should be maintained aa long as posrible under drainage levels. 
An exception is where exhausted workings may be allowed to fill with water without detriment to 
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the minei as in email local baains in a flat deporit. Workinga in wet gronnd should not be extended 
to the dip. if this would require installation of a number of email, scattered pumps. In such case, 
watcsr may sometimes be drained off through bore holes to the lower workings. By similar means, 
water troubles may be avoided in rinking shafts and winsea. 

Size of sump is chiefly dependent upon quantity of inflow. It should be large enough 
to take care of inflow while pumps are stopped for ordinary repairs. A sump capacity of 



Fig 2. Plan of .Sumps and Pump Room, No 6 Mine, Lehigh Nav Coni Co, Lansford, Pa 

8 hr max inflow, without submerging the pump, may be considered a minimum; capacities 
of 24 hr or more are not unusual. 

Location of sumps should be carefully considered in layout of mine workings. Since 
haulage ways, with their drains, gravitate towards shafts, the main sump is usually placed 
near foot of shaft or slope. Where conditions permit, a good sxunp ia obtained at low cost 



Vert Sec Plan 

Fig 3. Details of Underground Dam, Haaleton Shaft Colliery 

by working out an area of the deposit to the dip, adjacent to shaft station, leaving chain 
pillars to isolate sump from lower workings. Siunps should be arranged so that they can 
be easily cleaned out. 

In pitching deposits, where several veins are worked, the sump is sometimM placed in 
workings and pumpe in an overlying or underlying vein, the two being connected on main level by 
a tunnel closed by a dam (Fig 8). The Tape from dam to pump has a shutoff valve, so that 
necessary, main workings can be flooded to considerable depths without affecting operation ol 

pumps. 
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Fig 2 abom a wdl deaignad aump at Lanaford No 8 mine, Lehigh Navigation Coal Co. Then 
an two oantrifugal pumpa, each of 2 000 gal per min, and 2 aumpa bolding 118 000 and 114 000 gal. 
The aumpa are conneoted, to maintain aame water level in both; thia ia important, aa tbe puihpa 
operate automatically, and are atarted and atopped by float awitehea. Sa-itohea are ao arranged 
that when pump No 1 can not alone handle the inflow, pump No 2 atarta automatically. 



Fig 4. Emergency Flood Dam (for 45-ft Head), Lehigh Nav Coal Co, Tamaqua, Pa 


For cleaning one aump, the connecting tunnd ia cloaed and all water from the main tunnel 
diverted to the other aump. The aump to be cleaned ia then pumped out na far aa practicable with 
the main pump, the reat being removed with a small plunger pump. The sediment removed is 
loaded into mine cars, and pulled out by a motor through the rock slope. Low-water level in the 
aump should be not more than 20 ft below center line of pump, and end of suction pipe not leas than 
2 ft from bottom of sump. 



Fig 5. Emergency Flor.U Dam, 3o-ft Head 


Undergroond dams (4) 
must often hold water 
under heavy heads, and 
should be backed by ma¬ 
sonry, calculated to resist 
max possible head of wa¬ 
ter. They are usually of 
brick or concrete (Fig 3). 
Solid abutments are essen¬ 
tial; all soft adjacent 
material must be cut away 
to insure against bodily 
movement of the dam. 
Manholes of ample 
strength mx:st be provided 
to drain off water and 
permit entrance and in¬ 
spection. Timber dams, 
single, or better double 
bulkheaded, with a clay 
core may be used in case 
of emergency. Fig 4 and 
5 show steel emergency 
dams which can be readily 
closed in times of high 
water. A flat rubber ^/ 4 -in 
giuket, between frame and 
door, provides an effective 
seal. 

As mine dams are sulv 
ject to heavy strains, their 


strength is a vital matter and careful calculations are necessary. The following formula 


is for arch dams (Fig 3): 
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in whi<di: t thiokneas, in; r « ihorter or external radiua, in; w ^ width of opening or 
Q>an, in; p • maximum water pressure, lb per sq in; s safe compressive strength of 
matoial used, lb per sq in; factor of safety, not less than 8. 

A. Faulds gives (4), quoting W. S. Aldis, using same notation, but with factor of 
safety 10; 

t »■ r — "\/l — for arch dams; I « r for spherical dams. 

2 1 ^ ^ 

Factors — and — must be less than unity, or proposed material will be too weak. 

A straight or flat concrete dam, necessary where strata will not safely stand thrust of 
an arch dam, is practically a plate supported on 4 sides, a condition requiring an intricate 
calculation. For such a plate tests have shown on increase in strength of fully one third 
over that of a beam supported at both ends. It is safe to calculate a straight dam as a 
beam having its shortest length loaded uniformly and supported at both ends, using the 
formula: _ 

• - whence, d - %/— 


in which: s unit stress in extreme fibers; b » breadth, in; d ■■ thickness, in; w ■■ total 
local, lb; i ■■ length, in. In this case the strength of plain concrete in tension should be 
taken at not over 50 lb per sq in, whence for a dam with span of 7 ft (■>84 in), built to 
withstand 600 ft head (■>216.6 lb per sq in): _ 

j\Q ^ fi4 

w 84 X 216.6 >■ 18 208 lb per linear in, and d > \—^ 126 in 

" 2 X 50 

A saving in material can be made by building a flat dam of reinforced concrete. 

If the rock formation be of doubtful strength to stand direct thrust of either arched or flat dam, 
a larger surface of abutment 


may be obtained by stepping the 
notohes (Fig 0). In a large 
Schuylkill County, Penn, col¬ 
liery, a special method was 
employed (Fig 7) to drown out 
a fire in upper levels without 


SurfaM 




Fig 6. Stepped Abutment, 
Conorete Dam 




'///////Ma 


Fig 7. Series of Dams, with Counterbalanced Pressures 


complete flooding. As the pillars were not conridered safe to support the pressure which wo^d 
be brought on the lower dams, these were relieved by flooding behind auxiliary dams, thus build¬ 
ing up a series of counterbalanced pressures. Hence the coal in each pillar took no more pres¬ 
sure than that due to a single lift on any one dam. Fig 8 shows an underground dam and pump¬ 
ing plant in the Hasleton Shaft mine, Lehigh Valley Coal Co, 



Snctlcm Ptpa of Pump 





Fig 8. Underground Dam and Pumping Plant, Hasleton Shaft Colliery 

Pumping through borsholet i« a common practice in both coal and metal mines, 
the pump delivering directly into holes drilled from surface to mine workings (33). In 
weak strata the holes are lined with W-I pipe, around which rich cement mortar is poured. 
If the water is very acid the pipe should be wood-lined, or the boreholes lined with terra- 
ootta piping. In bard rock no lining is necessary. 
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By using boreholes the pumpiag plant can be located to suit the position and shape of the mins 
openings. They often reduce the lift, save cost'of providing space for and installing column pipe, 
and avoid possibility of damage to mine workings from broken column pipe. Boreholes are 8-24 in 
diam, drilled by churn or shot drill (Sec 9). Objections to them are the possibility that the holes 
will be dosed by caving or settlement of the strata and the difficulty of renewing worn out pipe 
lining. In water-bearing, porous strata, boreholes with use of oii^lift pumping have suceesduUy 
lowered water levels in advance of sinking. 



Boreholes are sometimes used for dropping water from an upper to a lower level. 
Quantity of water discharged can be determined from a friction chart (Fig 9). If there 
were no pipe friction, the water would flow through borehole with increasing speed and 















































SUMPS, UNDERGROUND DAMS, BOREHOLES AND PIPING 13-09 

be dircharged at a -toIot V - 2gH, where if is the vert distance between upper and 
lower basin. Pipe friction retards flow, which becomes uniform when the total friction 
in borehole equals the head H\ that is. when the friction becomes 100 ft for every 100 ft 
of borehole. The capacities causing a friction loss of 100 ft per 100 ft of pipe can be 
taken from the chart. 


Example. A vert borehole 3 in diam wiU discharge approx 600 gal per min, and a 6-in hole. 
3 000 gal per min, regardless of their length, providing there is a sufficient head of water over the 
inlet to produce the veloo required in the pipe and that the borehole is smooth (37). 

For a sloping hole or pipe 3 in diam, 100 ft 


long, on a grade of 1 in 10, the effective head is 
100 divided by 10, or 10 ft. The friction loss per 
100 ft of borehole or pipe can not, therefore, be 
more than 10 ft, corresponding to a max flow of 
approx 160 gal per min. (See Sec 38.) 

Pump piping. Suction hpe should be short 
as possible, with few bends and should dip directly 
into the water (Fig 20, Art 11), so t'.iat it i»n be 
raised from the sump by the crane which should be 
installed in every pump room. Suction piping 
must not be wood-lined, as the staves may become 
loose and block the strainer. For add water, it is 
cement-lined, by a mixture of 1 part finely sieved 
Portland cement and 2 parts shaip silica sand, 
applied by a long handle trowel, to form a layer 
about 0.5 in thick; after which, both ends of the 



pipe are closed with damp canvas to keep out the 
air until cement haa set. If wet cement is exposed 


Fig 10. Mode of Supporting Column Pipe 
bbaft 


to air it will crack. Good cement linings should 


last for years. DiscHannK piping must be well supported and braced, so that any water hammer 
caused by closing of the check valve is not transmitted to the pump. Fig 10 shows proper method 
of supporting column pipe in the shaft. 8ise of column pipe should be calculated to minimise 
friction head; increased power due to frictional resistauoe may cost more than the larger piping. 



As elbows increase resistance, they should be of long radius. Always use Y branches with long 
beads; avoid tees. C-I flanged pipe is generally in 10- or 12-ft lengths, without male and female 
imnts, as these ore troublesome when piping is renewed. Present practice leans to straight flanges, 
with concentric V-grooves to retain the gasket. A W-I ring, Vs-'/t in by 1 in wide, wrapped with 
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twT«d hamp, makm a goad gasket. Comp^tion liber gaskets have also bean BuecasafuL Minor 
bends in piping ntay be auMle with bevel-ring joints (either the iron-ring built-up gasket, or the 
composition fiber gasket), thus avoiding necessity lor lengths <A special curved pipe. Column pipe, 
not otherwise protected, ahould be coated inside and out by hot asphalt or tar. 

liinlngs for acid water (31, 32). Oment lining for auction piifing is satisfactory; lead fining is 
good, but weara rapidly in gritty water; wood lining is cheap and simple, with excellent wearing 
and aoid-roaisting qualities. Wood lining is best of narrow, sawed strips with radial Joints, driven 
dry and swelled with pure water; strips should not be planed, because aawed surfaces, when swelled, 
interlock and form better Jtfinta. For pipes to 8 in diam, liners O.S in thick are ample, >/8-in stripa 
are sometimes used; for 8 to 14-in pipe, 0.76-in liners are sufficient; for over 14 in, usually 1 in. 

When column pipea become block^ with incrustationa, the sections are disconnected and 
cleaned by hand, or a cleaner is drawn through the entire line to out loose the scale. There are 
various types of cleaners. The “ Go-Devil," a wooden ball with a large number of sjdkes driven 
into it and protruding 1 to in, is generaliy used in the anthracite region for removing '* Yellow- 
Boy " (FeSf). The balls are sometimea of stainless steel, with spikes or knivea welded onto them. 
As incrustations increase pipe friction and consequently the pumping head, reaulting in decreased 
capao and effic, pipe lines should be cleaned at regular intervals. " Go-Devil " housings (Fig 11) 
permit introduction of the ball into the pipe line while the pump is in operadon. The ball is placed 
in the upper chamber, and the by-pass is opened, equaliaing the pressure on both aides of the flap. 
The flap u then lowered, the ball f alia into the column line and the pump pressure drives it through 
to the surface. 


4. DRAINAGE TUNNELS 

These are advantageous where location and topography permit. Thotigh first coat ia 
large, the elimination of pumping charges and freedom from possibility of flooding the mine, 
due either to accident to ptunpa or power plant, or to la^r troubles, may warrant the 
investment. In most cases, local conditions are such that only the upper levels of a mine 
can thus be unwatered by gravity. When workings extend below tunnel level, pumps 
must be installed. But, drainage tunnels still have the advantage of saving cost of rais¬ 
ing the entire voltune of water through a height equal to distance below surface at which 
tunnel intersects deposit. An estimate of length of tunnel justified in comparison with a 
pumping plant must be made with careful consideration of: cost of driving, maximum 
quantity of water possible for short periods, and height of lift for which the pumps and 
power plant must be designed. 

Cost of drainage tunnels, and their desi^pi, cross-sectional dimensiozu and speed of 
driving under different conditions, are given in detail in Sec 6. 

Should the tunnel serve also for haulage and ventilation, all of ita cost is not chargeable to 
drainage. To justify driving a tunnel for drainage only, the interest on first cost, plus annual 
allowance for amortisation, must be less than operating expense of pumping, plus allowance for 
amortisation of pumps and power plant. The amortisation allowance must be baaed on a con¬ 
servative estimate of life of mine. If a tunnel replaces a pumping plant, the final value of plant ia 
ita second-hand, or its scrap value, less cost of removal. 


6. SIPHONS 

Siphons have a limited tise as adjuncts of mmn drainage systems, in conveying water 
from one part of a mine to another; for example, from a place which, though higher than 
main sump, is separated from it by still higher intervening ground. A siphon will work 

only when highest point of pipe is less than 
34 ft above water level at inlet end. Joints 
must be tight, because leakage and presence 
of entrained air reduce practical limit of sno- 
tion height, and siphons are unsatisfactory 
when a (Fig 12) exceeds, say, 20 ft. The 
working height is proportionately less at alti¬ 
tudes above sea level. The longer or dis¬ 
charge leg of the siphon must fall through a 
greater height than the short leg, or draft pipe. 
The difference between t^eae heights is the effective head, h, which causes flow and over¬ 
comes pipe friction. If t}>e pipe friction were zero, the water would run down the dis¬ 
charge pipe at increasing veloc, and have a vcloc at the outlet of F = 2gH. The pipe 
friction retards the flow and the chart (Fig 9) should be used for calculating siphons. 

Example. For a siphon of 2 in diam, 200 ti long, with a 10 ft and b 18 ft, the effective head 
“ b — “ 8 ft. The friction lou in 200 ft of 2-in pipe, therefore, can not exceed 8 ft, or 4 ft per 

1(X) ft, which, according to the chart, corresponds to a flow of approx 30 gal per min. Aotuid flow is 



Fig 12. Diagram of Siphon 
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30% to 40% 1 m, depmdioc on Iomm at ontranoo and in benda, and leakace of air into the draft 
tape. To eharge the nphon for starting, a abort stand*pipe is placed at tiie summit and gate valves 
at each end^of the pipe. The discharge valve is used 
to regulate the flow if the dkoharge vdoc becomes so 
great that a vaouum forms at the crown of the siphon. 



6. HOISTING WATER IN TANKS 

Water hoisting, though less economical than 
pumping with electric or centrifugal pumps, is 
useful for unwatering hooded mines. For this 
emergency service it usually replaces the hoisting 
of ore or coal, which presumably can not be 
raised while hoisting water. The mineral hoist of 
a. shaft subject to sudden inrushes of water 
should be oonvertibie to a water hoist in the 
least possible time. A water tank is designed 
either to be attached under each cage or is put 
on in its place. The shaft ^ould extend at 
least 30 ft below the bottom level, at which 
there is a platform with doors (Fig 13). When 
water is to be hoisted the doors are removed, 
thus allowing the tank to be lowered into 
the sump. The false bottom should be tight, 
so that solid matter can not enter, the sump. A 
small pump should be installed to pump out the 

sump occasionally, y. jj pjatform at Bottom Level, No 4 

Shaft, Lansfurd Mine (L Nav C Co) 

Readers desiring further information regarding 
water hoisting by tanks are referred to the previous editions of this book, in which full details of the 
tanks are given, with costs. See also Bib 27,28. 



7. STEAM PUMPS (4-7) 

Current practice tends toward complete electrification of mines. Steam pumps are 
now rarely installed, most of them having been replaced by centrifugals. But, at mines 
where there is an excess of boiler fuel and pump and boiler plant are in good condition, 
it is advisable to maintain steam ptimps. If the boiler plant is near the pumproom, and 
pumps are of compound condensing type, pumping cost compares favorably with that of 
the ^st motor-driven centrifugals. New steam-driven units are generally centrifugals, 
driven by steam turbines, with or without speed reduction gearing. Their advantage 
over motor drive is that speed can be regulated and capac adjusted to inflow, but they 
can not be operated safely without an attendant; a decided disadvantage. See Sec 40 
for details of pumps and their design. 


8. COMPRESSED-AIR DRIVEN PUMPS (see Sec 15) (20) 

Though pumping by compressed air is less efficient than by steam or electricity, its use 
is sometimes warranted: (a) in gassy collieries, where electricity is dangerous, and pumps 
are too far from boiler plant for economical steam transmisuon; (b) in mines where heat 
from steam pipes is objectionable, or heat combined with moisture would injure roof rock; 
(c) where there is no electric plant and amount of current required would not warrant an 
installation. It is common to use compressed air in pumps built for steam, and in cylinders 
not properly proportioned for the pressure employed. Under these conditions it is rare 
that more than 20% of indicated power at compressor is represented by actual water 
pumped; with reheated air, the efficiency may rise to about 30%. The chief difficulties 
are, that ordinary direct-acting pumps fail to make full stroke, and their clearance volume 
is too great for compressed-air operation. Better results are obtainable from larger fly- 
whed pumps, designed for the service. In absence of reheating, trouble from freezing in 
exhaust ports may be minimized by use of separators and traps in air lines close to the 
pumps, and by directing a small stream of water, taken under column-pipe pressure, into 
the exhaust passages below the valves. 
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9. AIR'LIFT PUMPS (see Sec 15) (Bib, 19-24) 

Details are omitted here, as the construction and operation of air-lifts are treated at 
length in Sec 15, wherein are given also examples embodying results obtained from a 
number of mine installations. Efficiency is low, rarely exceeding 45% and often much 
smaller; but this defect is offset by their efficacy under certain conditions, especially for 
pumping out flooded shafts and mines. 


10. ELECTRICALLY-DRIVEN PUMPS (see also Sec 16, 40) 

Electric pumps comprise station pumps, and portable pumps used for gathering pur¬ 
poses. Sti^tion pumps are generally centrifugals, recent installations having automatic 
control for starting and stopping. They can be operated safely without an attendant and 
great savings are thus possible. Plunger ptunps must have an attendant, as there is 
always danger that solid matter will lodge on the valve seats, causing slippage and water- 
hammer, and broken pipes or valve chambers. Plunger pumps are used only when small 
volumes are pumped against very high heads; for instance, 100 gal per min against 800 ft. 



ao 60 40 20 I 20 40 60 60 
DMnaaa, % - Increasa, ^ 

Fig 14. Performance of Volute Pumps 


a 4 6 8 10 12 14 16 18 SO 

100 GPM 

Fig 15. Characteristic Curves of a 
Centrifugal Pump 


This condition would require a high-speed centrifugal, with 6 or more stages and high 
upkeep cost, especially when the water is acidulous. High upkeep would lj>e somewhat 
offset by saving in first cost and maintenance of the column pipe, due to the smooth, non¬ 
pulsating discharge from a centrifugal pump. Actual figures are lacking, but practice 
proves that these savings are considerable. 

Centrifugal pumps. Operating conditions differ entirely from those of plunger pumps. 
When the discharge pressure of a plunger pump is reduced, the power required falls off; 
when the head on a centrifugal is reduced, the power increases. The delivery volume of a 
plunger pump rumiing at constant speed is invariable, regardless of the lift; whereas a 
centrifugal at constant speed delivers more water at low heads than at high (14, 15). 

Performance. Water entering a centrifugal pump is set in rotation by the impellers 
and issues at the periphery at high veloc. This vcloc is gradually reduced in the pump 
casing and converted into pressure, which in turn overcomes the resistance in the col'omn 
pipe. Obviously, the vr '.umo delivered increases as resistance decreases. The high veloc 
at which the water leaves (he impeller should be reduced in the casing gradually, without 
shock, and transformed into press with minimum loss. This is effected in a volute casing, 
or in one having a diffusion ring between impeller and outer casing. Volute casings 
are the rule for single-stage pumps, and are common also for multi-stage pumps, especially 
when the water is acid. To obtain high effic in a diffusion-ring pump, the tips of the 
diffusion vanes must bo rather thin, so that acid water soon destroys them. The volute 
pump has higher effic over a wider range than diffusion-ring pumps. Fig 14 shows the 
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approx porlormanoe of volute pumps. If the head and oapac at which a pump is most 
^cient be taken as unity, by increasing the head 15%, the oapac decreases about 40%, 
power decieases 24%, and effio is reduced 0%. If the head decreases 12%, the capac 
increases 20%, power increases 10%, while effic decreases 4%. An average pump will 
delivOT no water whatever against a l^ad approx 20% higher than that at which tlie pump 
shows its best effic. 

Centrifugals are usually driven by oonstant-apeed motors. If driven by variable-speed motors, 
it should be noted that the capao increases or deoreases directly os the speed. Head iucToases or 



decreases as the square of this ratio, the hp increasing or decreasing as the third power. ^ Thus, 
if a pump driven by a 1 200-rpro motor, delivering 1 000 gal against 100 ft head, and requiring 35 
hp, were connected to an 1 800-rpm motor, tbe results would be; capac, (1 800 -f- 1 200) X 1 000 
— 1 600 gal per min; head, <1 800 + 1 200)* X 100 »225 ft; power required, (1 800 + 1 200)* X 
35 - 118 hp. , ^ 

Before changing speed of a centrifugal pump, the maker should be oonsulted. Performanoe 
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eurvee of differant nuliMi. vary. If a oantrifugal is to work against a find haadt as in ossa of a 
station pump, the skape v thaheadoapsoourvaandtheefiBeourvaaroofUttlsimportanoe, and tbs 
pump giving highest effie for the specified conditions should be selected. But, if the pump be used 
for unwatering purposes, or if it may be used in different locations underground, that pump 
should be selected whi^ gives good effio over a wide range, and does not overloiui the motor 
to a dangerous point when the head is reduced. Sig IS sfaowe the characteristic curves of a 
pump with effie of 70% and over, for any condition between 700 gal per min against 120 ft 
head and 1 600 gal against 80 ft head. Max effio occurs when ctolivering 1 200 gal against 106 
ft head. - 

Single-stage centrifugal pnmps can be built for heads up to 600 or 700 ft, but this 
involves very high speeds. For mine service the head is limited, as a rule, to about 250 ft, 
and such heads are recommended only if the water is clean and not acid. In general, 
the head per stage ahould be limited to approx 100 ft for acid water. Single-stage pumpa 
are uaually of the double-suction volute type. Water enters the impeller from both aides, 
eliminating .end thrust. A thrust bearing should, however, be provided, and insisted 
upon for large-diam impellers. 

Multi-stage centrifugal pumps are balanced by opposing the impellers, so that the 
thrust of one impeller is counterbalanced by the thrust of the next. If they are balanced 
by a balancing disk, the latter relieves the discharge stuffing box of the high press, and 
puts it under suction press; a great advantage with high heads. These disks are gen¬ 
erally used for fresh water pumps, but are not recom¬ 
mended for very gritty or acid water, which soon outs 
out the disk faces. 

. Centrifugal pumps are now used almost exclusively 
for unwatering flooded mines. Single-stage pumps 
driven by high-speed motors are mounted on trucks, 
and have large capao. To facilitate moving these 
pumps, it is advisaUe to use a metal-stiffened rubber 
suction hose, with 10-15 ft of ordinary hose on dis¬ 
charge side. A strainer basket Aould be attached to 
the end of the suction hose, and a check valve on the 
discharge hose, so that water hammer can not burst 
the hose. Workings that were considered hopelesdy 
lost years ago, have been pumped out with high-speed 
centrifugals at relatively low cost. 

Floods in 1936 inundated many coal mines, forcing them 
to shut down. To return thousands of men to work, the 
State of Penn agreed to assist in de-watering mines by paying 
for pumps, pipes and power, but not for labor. The volume 
of flood water to be handled in the Wyoming Valley was 
estimated at 8 to 18 billion gal, and the state purchased 18 
Hazleton sinking pumps. They were of the single-stage, 
double-suction type, capable of delivering 4 000 gal per min, 
against 330 ft head; driven by 400-hp, 4 000-volt, 3'pbaee, 
60-cycle line-start motors, running at 1 750 rpm. The units 
can be installed either vertically or horizontally and are 
operated without being bolted down or secured by props, as 
there is no vibration. The impellere are non-overloading, 
and the switch can be thrown in regardless of the head. Fig 
10 shows two of these pumps mounted vertically on a cage. 

In the Uniontown Bituminous Basin, approx 3 billion gal 
were impounded. The State purchased 3 Deep-well Turbine 
pumps, each having a capao of 4 000 gal per min, against a 
head of 450 ft, and driven by 700 hp, 1 160 rpm, 2 30'3- 
volt, S-phase, OO-cyde motors, with reduced voltage starters. 
Kaeb putap required approx 420 ft of 4-in shafting, running 
in a 6-in enclosing tube and guided by 85 bearings, which 
also acted as couplings for the tube. The shaft, with enclos¬ 
ing tube, was placed inside the 20-in column pipe, at the end of which the &-etage pump woe 
mounted. The whole assembly was hung in the shaft and supported by steel beams extending 
across top of shaft. The entire 20-in column pipe was vulcanised on the inside with rubber 
compound, and the tube encasing the shaft was vuloanised on the outside to protect against 
oorrosion. 
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11. PUMP ROOMS 

Fig 20 shows an up-to-date pump room, containing 3 4-atage centrifugal pumps, each 
of 2 000 gal per min, against a head of 800 ft. The pumps work automatioally, requiring 
no attendance. 

This pump room is provided with sn 8-ton traveling orane, to facilitate repairs. The auction 
pipes drop directly into the sump, and can be lifted out by the orane. Each pump has 2 strainers, 
one near the pump, the other (a “ basket ’’) at end of suction pipe. The basket strainers have 
liberal openings, but must prevent large floating objects from entering the intake. Each pump has 
a check valve, and there is another check valve in the discharge line. There are also 3 priming 
pumps of the dry vacuum type (Art 12), each of a capao of 50 cu ft per min. 



Foundations. For station pumps, solid concrete foundations are well worth while. They 
should be true, sf good materials, and only one end of pump bed-frame should be bolted down, tho 
other being left free, to allow for expansion. ^ 

Gathering pumps, designed to be moved frequently from place to place, are preferably 
of the aelf-priming centrifugal type. Generally, the tyjjes capatde of pumping continu¬ 
ously a mixture of air and water are leas ef&c and more subject to wear than those pump¬ 
ing water only. 

Tbs La Bour pump (Fig 17) is primed by trapping water within the pump and utilising the 
veloo of expulsion of pockets of water discharged by the impellw, which entrain air and carry it out 
of the easing. The pumr can handle a mixture of air and water, and draw from several eumps 
simultaneously. 

In the Hasleton Station pump (Fig 18) air is trapped in a vessel connected to the suction line, 
and pushed directly into the discharge line by a return flow of water caused by stopping the 
pump. Repeated atarte and stops, made automatioally, may be required to prime the pump if 
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•ueUon Um ii long. Thli pump handles water only and can draw from one sump only. It is 
started by an electrode (Fig 19), which is suspended over the ditch. When water reaches its high 
levd, contact through tbs water is established between the electrode and its easing, whereupon the 



Fig 19. Electrode tor Starting Hasleton Pump 

pump starts, and runs until the water is pumped down and air enters the suction line. Then the 
pump stands idle until the ditch has filled again. Power consumption and wear are thus kept at 
a minimum. 


12. CHECK VALVES AND STRAINERS 

Check yglyes should be carefully selected, since their failure may ruin the pump. 
They are of the single-flap or multiple-flap type. Experience shows that when a single- 
flap valve is liberally proportioned it will close without shock. Its construction should 
be simifle and all parts exceptionally heavy, as indicated in Fig 21. Noisy seating of a 
check valve is sometimes raused by breaking (or separating) of the water column in the 
discharge pipe, when the pump is being shut down. As momentum keeps the water 
moving in the discharge faster than the pump delivers, the column is broken, resulting 
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in a water hammer wli 0 ti the flow ia reviewed. Thia can be averted by alowiag down tiie 
motor More cutting off the current entirely. R the motor is of the slip-ring type, a 



Fig 21. Check Valve, Wood-lined Fig 22. Large-oapao Streamlined Strainer 


speed reduction of about 10 % can be effected, reducing the capac of the pump more thaw 
60%; and if the motor runs for approx 15 seconds at this lower speed the flow in the 



column pipe will usually be reduced enough to 
eliminate water hammer. 

Strainers. A screen should be placed at 
end of suction line, or in the ditch feeding the 
sump, to prevent large pieces of wood from 
entering the piunp. A strainer should be 
installed near the pump, in an easily aoces- 
sible place, to catch smaller foreign matter 
which has passed through the screen, and 
which would block the impeller passages. The 
strainer should not form an air pocket; the free 
area of the screen should be approx 4 times 
as large as the area of suction pipe, and the 
direction of the flow through the strainer 
should change only slightly, to avoid disturb¬ 
ance and friction loss. 

Fig 22 shows a large capacity (7 000 gal per 
min), streamlined strainer in which air, separating 
in upper part of strainer, is automatically with¬ 
drawn. Fig 23 shows a small capacity strainer of 
simple and efEo construction. Large particles of 
foreign matter drop into the dirt catcher; the 
screen and dirt catcher can readily be removed. 
Strainers should be inspected and cleaned at 


Fig 23. Small-eapao Strainer regular intervals, to keep frictional resistance at 

a minimum. Frictional reeistanee iaereaaes tiu 


•ucUoa lift, whioh ia turn decreases the capae and efiio of the pump. 
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IS. AUTOMATIC OPERATION OF CENTRIFUGAL PUMPS 

Thi« M rapidly coming into use, and has been so perfected that the largest units can be 
run with absolute safety without an attendant. Pump runners’ wages are thus saved. 
Automatiddly controlled pumps keep the water in the sump at a predetermined level; 
they are protected against accidents caused by loss of water due to air leaks in the suction 
line, or to choked strainers, and stop automatically in case of breakage of the column. 



fig 24. Arrsngemeiit of Primer and ArcesBoriea for Automatic Contool of Centrifugal Pump, 

with Diagram of Wirmg 



Fig 25. Centrifugal Pump with 8uetion-line Primer 


Priming centrifugal pumpt. There are 3 methods: (a) installing a foot valve and 
filling the suction pij>e and pump casing with water from the discharge column; (h) uaing 
a vacuum pump, or other means of exhausting air from the suction line and pump casing, 
and filling them with water from the sump; (c) providing a head on the suction, when a 
pump takes water from a dam. Foot valves are widely used for sm^ pumps, but ere not 
reliaUe, as they are apt to leak and wear out rapidly in acid water. A pump with a foot 
valve will operate automatically with safety, but often fails to start when the valve 
becomes leaky. Hencfi, foot valves are not recommended for mine service. 

A priming-pump is used for most centrifugals. It is started hy a switch operated 
by a float in the sump, and exhausts the w from the centrifugal, thus drawing water from 
the sump through the suction pipe and pump casing, and thence through a valve into a 
priming clumber, wUch oontaina a float. When water enters the chamber, the float 
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rises &iid closes the priming switch, which starts the centrifugal pump motor. The motor 
having been accelerated a contact is automatically opened, stopping the priming pump. 
When the centrifugal begins to run, the priming valve is closed by the pressure from the 
pump, the water from the priming chamber drains out, and the priming switch opens. 
Protective devices are shunted around the priming switch, and the current flows through 
them when the switch is open. These devices consist of a vacuum regulator, which opens 

the circuit if the vacuum .exceeds a pre¬ 
determined value, and a pressure regu¬ 
lator, opening the circuit when the 
pressure in the discharge line falls below 
a predetermined pressure. Fig 24 shows 
arrangement of pumps and accessories, 
and the elementary wiring diagram. 

Pumps with capao not exceeding 1 500 
gal per min, and working against a head 
of not more than 2.50 ft, can be made to 
work automatically by installing a suction- 
line primer close to the pump (Fig 25). The 
primer, shown in Fig 26^ combines in 
one castiiig a strainer, check valve seat, 
and air-removing device. To prime the 
pump, the priming chamber is filled with 
water and the pump started. It draws the 
water from the priming tank, and in doing 
BO creates a vacuum in the tank and suc¬ 
tion line, which causes water to rise in the 
suction line and flow through the check 
vaivc into the passage leading to the pump 
inlet, whence it is pumiied into the discharge 
line. The air filling the tank is drawn 
through eductors into the stream and 
forced into the discharge line. Repeated 
starts and stops may be required to prime 
a long suction line. Starting and stopping 
may be automatically controlled by an 
electrode fitted in the tank. 

Fig 26. Suction-line Primer Priming-pumpB may be either wet 

or dry. Wet priming-pumps are in 
common use, but the water must he clean and free of acid. Dry priming-pumps require 
less ixiwer. A trap must be interposed, to prevent the water from entering the cylinder; 
a barometric loop serves the some purpose. The most effic trap, widely used with 




Fig 27. .Automatic Control of a Centrifugal Pump Taking Water from a Dam 


pumps handling arid water, is a chamber in which a float operates an air valve. This 
valve opens when the water enters the chamber, causing the vacuum to break, thus pre¬ 
venting water from entering the piunp. The chamber is placed above the pump and 
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connected to top of the casing of a single-stage pump, or to top of the first stage of a 
multi-stage pump. The remaining stages need not be primed. 

When a eentrifugal takes water from a dam (Fig 27), no primine is required. As the water rises 
behind the dam, it idso rises in the suction line and pump casing, and raises the float in the priming 
chamber, thus closing the priming switch and starting the pump. The protective devices are 
shunted as described above. The pump is stopped by the vacuum regulator switch, which opens 
when the water behind the dam has receded to the.low level. 


14. NEUTRALIZING ACID MINE WATER (30) 

Acid water is sometimes neutralised before pumping, thus avoiding damage to ptimps 
and column pipe. In many mines the quantity of water is so groat that it can not be 
economically neutralized before pumping. Sometimes part of the water used for the 
preparation of coal is neutralized to prevent rapid wear of the breaker equipment. 

A computation baaed on actual conditions is necessary to determine the adrieability of this 
procedture, dependent as it is on chara ter and quantity of water, type and cost of pumping plant, 
and price of the alkali required. Milk of lime may be added to sump water in measured quantity 
at regular intervals, us in coal mines and in metal mines at Butte, Mont, and elsewhere. 
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MINE VENTILATION 


This section treats of the natural and artificial circulation of air currents in mines and tunnels 
For composition and properties of mine air, and physiological etlects of its impurities and variations 
in physical conditions, see Sec 23- 

1. MINE ATMOSPHERE 

Ventilation of mines is a form of air conditioning by distribution of air ourrents in under¬ 
ground openings, in fjuantities sufficient to maintain working places in safe and healthful 
condition; it is most elaborately developed in coal mines, because of occurrence oi explosive 
gas and dust. In metal mines it is confined largely to combating effect of high air temp on 
effic of miners, and effect of rock dusts on health. 

Mine air may contain a number of impurities, in addition to normal constituents, and 
may absorb water vapor and heat in passing through workings (Sec 23, Art 1-4). Major 
impurities: (a) smoko and gases from blasting; (b) gases from the strata; (c) dust from 
mining operations. Open lights, breathing of men and animals, and chemical oxidation 
consume O, and (except oxidation of sulphides) produce COz. Minor sources of gaseous 
impurities are: rotting timber, excretions of men and animals, and smouldering mine fires. 

Gases from explosives are dangerous mainly on account of CO, which seldom exceeds 
0.3 cu ft per lb of explosive, but is variable and dependent on the oxygen-combustible 
balance. Gases from strata are most important in coal mines, with CH 4 , CO 2 , and HjS 
m order of occurrence. COa is often found in metal rainos, CH 4 and HjS rarely. Smoul¬ 
dering mine lires may produce CO. Dost in coal mines (other than anthracite) is explo- 
si^’e and therefore dangerous; in metal and anthracite coal mines, it may be a health 
hneard of importance. Mink aih temp approximates that of the walls of air passages, 
and, as rock temp increases with depth, deep workings may have hot, high-faimiidity air 
conditions (Art 17, 18). Abundant ventilating currents, pniperly distributed, reduce 
dangers of gases and dusts and alleviate discomfort due to high-temperature air. 

2. VENTILATING SYSTEMS 

Definition. Any set of connected underground openings and the forces and appli¬ 
ances that cause flow of air through them constitute a ventilating system. Every mine 
has its own system, taken as a w'hole; the similarities occur between separate parts of 
mines. Systems: controlled and uncontrolled natural and mochanieul ventilation. 

Control of ventilating currents ia required for tlicir effective uae and protection of life and property 
.11 ease of lire or explosion. Uncontrolled currents may produce good air conditions; but lack of 
.■oiitrol, resuiling in unknown rouditious of recirculation, adds to natural hazard. Mechanical 
eystcins increase natural hazard from fire or explosion, by causing foster travel of gases. 

Uncontrolled natural ventilation. Most small metal mines, a few small coal mines, 
some large metal mines, and near-surface sections of some largo coal mines, are ventilated 
by uncontrolled natural ventilation (Art 12). Where openings are large and numerous, 
mines have reached great depths without intentional control of natural air flows. Above 
the lowest adit connection, mines in mountainous country are generally well ventilated 
by natural draft. 

Controlled natural ventilation. Air flow is often partly controlled by natural oondi- 
tions, or intentionally. In shallow mines, the driving of openings to the surface at inter¬ 
vals is a form of control. Circulation can be improved and direction of flow controlled 
by doors and bulkheads (Art 12). In large mines on pitching veins, workings should be 
divided into sections by barriers extending from surface to top of active aonea; as in many 
Mich copper mines (63), where good natural ventilation exists at depths of 3 000-6 0(K> ft 
vert and 4 000-9 000 ft on the dip, below a practically level surface. 

Mechanical ventilaticia. Where natural ventilation is inadequate, circulation is 
produced by fans (Art 13-16), as at most coal and large metal mines; they are always 
advisable, if only to provide revemible direction-of-flow for emergencies, and increased flow 
when the surfar-e temp limits natural flow. In most metal mines, the chief objei'ts of 
mechanical ventilation are to' educe high r.ir temp in depth and rapidly remove the blasting 
fumes. Other objectives: better control of air currents in Are areas or for fire protection; 
dilution and removal of strata gases; reduction in amount of comp air used fo air cooUng; 
reduction of timber decay; and removal of rock dust. 
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AppUcaiioa of moclMUiicol Tontitatioa. In bedded depoetto, aa cool, the outlinee of the depoeit 
uauelly are known, end layout of openings is planned in advance for effective ventilation. Most 
metal mines rely on natural draft until conditions demand more air and better distribution, aa 
supplied by fans. A large multi-seam coat mine is often divided, between seams or at natural 
barrien, into separately-ventilated sections. A large metal mine is usually ventilated by 2 or more 
fans operating in parallel or series on the same ventilating system, without division between circuits. 
VentilaUon by one fan is desirable if it can be arranged economically. In planning a mechanical 
system, the main faotom are volume of flow and effect of layout of openings on preseure reQuircmenta. 

All quantity requirements (Sec 23, Art 6 ) for elTertive ventilation depend on conditioue 
as to gae, dust and rock temp, and vary from 50 to 1 000 cu ft per min per man on largest 
underground shift employed. In practice, quantities are adjusted until the air in working 
places seems good. Usual criterionB: movement of smoke after blasting in metal mining; 
presence or absence of gas accumulations in coal mines; and temp and humidity in hot 
mines. In some U S coal mines, air quality based on routine air analysis is the control 
used. Legal Aequibements for metal mines or tunnels in the U 8 are few; N Y regulates 
siliceous dust concentrations (24). Legal requirements for coal mines (26), based on 
number of men and animals underground and position of air measurement, are generally 
exceeded in practice. Abroad, them is a trend to requirements based on max permisidble 
limits of impurities, temp and humidity (26). Minimvm bequjreuemb ik practice are 
about 30 cu ft per min ('‘ c f m ”) per man and 3-5 times as much for a horse (12). For 
small metal mines, with long intervals between shifts, and blasting at end of shift only. 
50 c f m per man may be enough, but, W'ith scattered working places and large openings, 
requirements approach 100 c f m, the general minimum for coal mines. litlasting during the 
shift, much timbering, production of gas from the strata or by oxidation, or moderately 
high temp, increase requirements 50-100 c f m per man. Clencral requirements in under¬ 
cut-caving, whore a voloc of about 100 ft per min is required in grizxly drifts to permit 
intermittent blasting, are 200 - 300 c f m per man. Except under extreme gas or high- 
temp conditions, requirements seldom exceed 500 c f m per man, but may reach 1 000 (9). 
In Pa non-gaseous anthracite mines the limits arc about 100-1 000 c f in; aver, about 
300 c f m per man. In Pa gaseous anthracite mines, the limits are aliout 300-1 000, aver 
500 c f m per man (27). In all mines, the quantities necessary for good air conditions are 
found by trial, but are subject to frequent change. 

Total air circulated in gaseous mines often amounts to 10 tons air per ton coal mined; aver, 
about 6 to 1 (3). In Pa anthracite field, several mines circulate over 1 000 000 cu ft per min; others 
there and elsewhere, 500 000-900 000 (27); but the aver large mint, requires 60 000-250 000 c f m 
and few exceed 260 000. 

Reduction of normal air quantities during idle times, rare in metal mines, is sometimes prac¬ 
ticed at intermittently operated coal mines working fairly flat scams, saving much power at moderate 
sacriflre of safety; usually not practical on pitching seams making much gas, because of gas 
accumulations. 

Pressure requirements. At fixed quantity, power required for circulating air depends 
on press, which is determined by the airways and their layout. In coal mines, design of 
airways is usually part of original plan of development (Art 11); in metal mines, it may 
involve best use of existing openings, with a minimum of “ new ” work. Press require¬ 
ments (Art 10, 11) depend on size of airways and how combined in flow circuits; tliat is, 
how the flow is split between openings. Main airw'ays, carrying entire flow, demand most 
attention, as restricted areas or high resistance therein may I'lipple the whole system. 
Layout of minor openings, in w'hieJi split flow occurs, usually has iio important ofifent on 
press requirements. ^ 

Faa presBures at U S metal mines arc usually 3-6 in of water gage. In coal mines, economical 
size of airways is larger and range of fan pressures is usually 0.5-3 in of water. Mine airway condi¬ 
tions may be compared in terms of press required to pass a unit quantity (Art 11). Requirements 
for 100 000 cu ft per min are; max for small metal mines, 20-30 in,; usual for large metal mines. 5-10 
in; aver for non-gaseous coal mines, 1-6 in; aver for gaseous mines, 0.2-1.0 in; at a few coal nunes, 
even lower. Aver conditions of fan operation in terms of equivalent orifice (Art 11) ore; min for 
small metal mines, 5-10 sq ft; aver for large metal mines, 15-26; aver for non-gaseous coal mines, 
25-40; aver for very gaaeoua coal mines, 40-90 sq ft. 

Major outlines of ventilation systems are determined by the number, size, use and 
position of shafts, slopes, and adits to surface. Desirable features; (1) utilization as 
intakes, or fresh-air outlets, of openings used for transporting men; (2) utilization of all 
B^Tiilable surface openings, or enough to give low-resistance ; (3) coursing of intakes directly 
to lower levels of active zones, so that currents ascend through them to main outlets. (4) 
splitting of total flow and uniting separate flows close to surface; (5) minimizing distances 
traveled; (6) maintaining balanced resistance between main intake and outlet airways, 
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and between separate sections of main airways; (7) minimising obstructions, as doors and 
air locks in active openings; (8) avoidance of leakage, recirculation and creation of fog; 
(9) circulation of air frmn active sonea to caved ground rather than ilie reverse. 

laterventUation of mines is rarely desirable, as cooperation of separate operatiog stafla is not 
dependable. It should be a temporai'y expedient only, except where full control of ventilation in a 
■roup of minee is exercised by one official. Connections between adjoining minee are desirable for 
safety, but should be normally shut off with fire-door air locks. 

SxhauBt systsms of ventilation are preferable, with the fan or fans on the surface at 
air shafts, slopes or adits; this pays due regard to safety, air is then drawn in and coursed 
directly to active xones, and the fan is always accessible. Although exhaust systems aro 
general, many blowing systems are in use, especially in eastern U S bituminous mines, 
except Pa. Main haulage and hoisting openings are then on return air, chiefly to avoid 
operating inconvenience in cold weather (Art 3). 

Location of openings. To decrease distance traveled by air currents, provide safety, 
and reduce leakage, intake and outlet openings should be so arranged that active workings 
lie mainly on the Une between them. If active workings extend in two or more directions 
from a downcast shaft, an upcast near the limit of activity in each direction is desirable. 
If shafts are spaced fairly regularly, as on an extensive pitching vein, alternate shafts 
should be upcasts and downcasts, to distribute resistances and reach areas that would 
otherwise receive little flow. Two shafts close together usually serve better when carrjdng 
air in the same direction, because few stoppings are required on connections between them, 
leakage is avoided, and distance traveled by the air is usually minimum. 

Ideal lay-out of airways beat illustratea desirable major featuree, ae shown in Fig 1 for a typical 
metal mine. Surface exhaust fans, on outlying and small inaotive shafts of a steep vein, draw air 
in through the centrally located and relatively large operating shaft to the bottom, levels, through 


Air shaft 


Operating shall 


Air shaft 



which it passes to active atopes and tbenee to less active workings connected to upcast. The foiw- 
going nine deairable conditions ate fulfilled and a safe and effic system should result. A similar 
ideal layout for gaseous coal mine workings on moderate to steep pitches is shown in Fig 2. Here 
the air is more definitely coursed, and main intakes and returns are close to each other, as generally 
required for coal mines. The same major conditions are met, as well aa the following special objec¬ 
tives for gaseous mines: (1) active sections on separate eplita; (2) pillar workings on ejffits separate 
from advancing first mining; (3) inactive sections ventilated by returns from active sections; 
( 4 ) development for ventilation ia completed before development for extraction is advanced. 

Minor outlines of eystoms are controlled largely by the individual charscteristioe of 
mines, even in quite similar deposits. The more important are: degree of conoentratioir 
of operations; position of active areas; relative ease or difficulty of maintaining openings; 
location of sources of heat, dust, or strata gases; position of sealed fire areas or areas 
liable to spontaneous ignition; oondition of abandoned and inacoessibie workings; and 
tile preoooling of sones of w.arm rock. These and other special conditions may require 
modification of the major outlines of tho system as a whole, but if the major objeotives 
are observed the system should be effective. 
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Craemtntioii of working idacea ia important in insuring good air oonditiona at low 
ecist, for gaaeoua minea and workings in warm rock, as at great deptii. Sections should be 
cleaned up so can be abandoned in regular order, thus maintaining a uniform aise of 
active wme. If possible, sections temporarily abandoned should be seaM: timber can be 
preserved by eiUier sealing or thorou^ ventilation, whereas insufficient ventilatim leads 
to rapid deterioration of timber and extensive slouidung of rock walla 

rTo surface fan 



Haulage road 


To be connected to _t 
main return bcforcM 
Bdrancing dcvclopmcntn 


jopHent 


4 west). 


pj Haulage road 
SYMBOLS 

e: Intake air current 
33 Bctnm air current 
Air bridge 

a|^ Regulator 

n 

tl'all stopping 

Brattice stopping 

—t* Wall door 

z:t= Brattice door 

W’all stopping with cbnte 
and manway openings 


Fig 2. Desirable Method of VenUlating Gaaeotu Coal Mines on Moderate to Steep Fitehea (27) 

Extensive operations above the active sons of “ first mining," as the reworking of gobbcid arena, 
leasing operations on scattered pillars and lean sones, and retreating pillar extraction, should be on 
circuits separated from the main circuits below by barriers, natural or artificial. Inaistenoe ct mill 
opwatoTB on uniform grade of ore, from sections of non-uniform grade, tends to prevent eoncentra- 
tion of active workings in metal minea. Mechanical systems of mining eCect this oonoentration 
in coal mines. 

Local Boorcts of heat, duat, gas. Are hazard, or other conditions interfering with normal 
arrangement of an otherwise desirable aystem, are often troublesome and sometimes expen- 
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Bive to handle. A aeiiamte intake split usually must be diverted direct to an outlet not 
used to trMiqx>rt men, or a separate air circuit must be formed. Underground staUes in 
a coal mine require a separate split, as do other possible sources of fire, as eleo transformer 
and pump stations. S^ed fire zones are commonly handled by putting the area under 
enough press to overcome reverse natural drafts, and providing a small separate split to a 
main return or to the surface, from a point above the fire zone. 

Examples. In the United Verde mine a circulation of 60 000 c f m was planned (1030) for an 
underground generator and hoist instaiiation (31); in the Village Deep mine. So Af, a split of 
75 000 c f m was allocated to a similar installation (81), in the Calumet & Hecla conglomerate 
mine (Mich), 2 large pumping stations on a return shaft had each a circulation of 30 000 c f m (63); 
at the Ray undercut-caving mine (Aria), a separate shaft equipped aith a surface exhaust fan con¬ 
nected (1930) with 3 rotary dumps at the ore-hoisting shaft, passed over 40 000 r f m. Auxiliary 
fan-pipe installations are effective for carrying the return from a local source to s distant airway. 

Circulatioa through caved ground also impairs well-planned ventilation systems. 
Most common form is leakage through the fill, where the shaft collar extends abo%'e the 
natural ground level; averted by a concrete lining from collar to solid rock, or other tight 
stratum. In caved ground, circulation depends mainly on how the ground caves. Even 
though proportion of fine material is large enough to prevent circulation through the mass 
itself, spaces along the hanging wall and near pillars or solid ground may permit consider¬ 
able flows. Enough air can pass up through 16-20 ft of coarsely broken ore to ventilate 
a shrinkage stope, and enough may pass through a 200-ft fill of moderately coarse rock in 
a raise of large cross-sec to ventilate a small stopo (63). In the retreating systems used 
in Mich copper mines, air circulates freely through caved areas adjacent to active stoping, 
so that these zones are equivalent to low-resistance return airways. 

Pressure systems, under certain conditions, may bo desirable to insure that circulation goes from 
working places to and through caved ground. Where the main system is of the exhaust type, 
pressure could be maintained locally by booster fans. If pressure ventilation is desirable through¬ 
out, it can be adapted to the foregoing major objectives, particularly the rule that openings used for 
transporting men shall carry intake air. This adaptation usually requires a main fan underground 
on the intake side; or entrance through an air lock; or use as an intake-air upcast, of the shaft in 
which men are hoisted. All these methi>ds involve added inconvenience to mining operations or 
added expense as compared with a straight surface exhaust system. 

Ventilation personnel. Ventilation at many metal mines is everybody’s business and 
thus no one's responsibility. Under favorable natural conditions no great harm restilts, 
though in case of fire, loss of life or property may be increased by ignorance of the air- 
distribution system. Under unfavorable conditions, ventilation l)ecomes important, and 
good results are possible only where lines of authority are strictly drawn. In general, 
ventilation should be handled solely by: (1) a trained crew to make actual installations of 
distribution features, (2) a “ ventilation foreman ” to supervise installation and record 
the distribution and air conditions; (3) a high official with authority to initiate and con¬ 
trol major changes. 

Ventilation foreman in a small mine may be an operating official, but in a large mine hia position 
should bo independent. Technical ability and knowledge of ventilation theory, though desirable, 
are leas important than mining experience, intimate knowledge of the mine, and ability to work with 
operating officials. Where nnturiU conditions make good ventilation a matter of prime iinportanre, 
techmcal ability and knowledge of ventilation theory are essential to reduce the demiinds on the 
higher official. 

Official in charge of ventilation should have sole responsibility for the syatem. In a large organi¬ 
zation, some one man often is especially fitted for the work, through knowledge of ventilation 
theory. For a large mine or group of mines operating under difficult conditions, a mining engineer 
specializing in ventilation would be the natural selection, with or without other duties of importance. 
Most large, deep gold mines on the Rand now employ technically-trained ventilation engineers to 
cope with problems of dust and high temp, and these men contribute much of the current literature 
on mine ventilation. In coal mines, each grade of official has legal duties and responsibilities in 
regard to maintenance of ventilation, and systematic layouts can be planned in advance so os to be 
largely self-extending and foolproof. Rut, the same need for expert guidance and help exists if 
operations are to be conducted safely and economically, and the above remarks on metal mining 
practice apply also to coal mining (3). 

Cost of ventilation ac many metal mines, where ventilation is w'holly “ natural,” is 
nil; even where natural circulation is partly controlled, cost is negligible. Mechanical 
ventilation is expensive and most lie effic. Costs vary widely for different operations 
and conditions, regardless of economy attained or bookkeeping methods used. Few 
data have been published, particularly for U S coal mines. Bri^s (3) estimates that 
British cool mines circulate about 80 000 000 cu ft of air per min at a cost of about 
$10 000 000 a year, or 40 per ton coal produced, or $122 per year per 1 000 c f m. Davies 
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(28) givea on aver of about 8.8^ and a range of 3.2-18.6fl per ton for 11 So Walee ooUierieet 
with pow&' at 2^ per kw-br. C!oBt of ventilation in Northern anthracite field of Pa is 
estimated (27) as approx $3 600 000 for circulations totaling 25 000 000 c f m, or about 
14^ per ton coal produced. In Western Middle anthracite field of Pa, 10^ per ton exclud¬ 
ing power is said to give good ventilation, 7-Sff fair, and 4-5^ poor ventilation. Shallow, 
eanly ventilated, non-gaseous bituminous mines in U 8 show costs of 1.6-4^; gaseous 
operations, 0-14^ for steady, up to 24^ per ton for irregular operation. J. A. Saxe esti¬ 
mates that gaseous mines in Pa bituminous fields, of 3 000-^ 000 tons per day, with 
power at per kw-hr, riiould be ventilated for 4^ per ton; titat well-designed new mines 
could attain 3)1, and new mechanically-operated mines possibly as low as 1.5-2)1 per ton 
for continuous multiple-shift operation. 

Operating and cost data for 14 large metal minee are shown in Table 1, whe-e coats per ton are 
0.32-18.7^, and effect of large-scale concentrated production in reducing per-ton cost ran be seen 
by comparing figures for sheJlow block-caving operations (first 4 items) with rest of group, which 
represent normal, deep mine operations. 

Distribution of costs between labor, power and supplies depends largely on mine conditions, 
especially the degree of control of ai' distribution. With little control, approx percentages are 
15-70-15 in the order given; for moderate control, as in the aver deep metal mine or non-gaseous 
coal mine, 30-50-20; for extensive control, as in gaseous or deep, hot mines, .50-25-25. Pxbckmt 
or TOTAL MINK powKR csKO IN VBMTiLATioN at mechanically-ventilated mines is large. For the 
group shown in Table 1, it is 2-35%; for the small metal mine, it may be 50% or more. A survey 
of 40 Til coal mines (29) found an aver of 22.45%. Briggs (3) quotes estimates of 7-40% for British 
coal .'nines; probably applicable to U 8 coal mines, with an aver of roughly 20% for mechanised 
bituminous and 35% for non-mechaniaed anthracite minee. 


Table 1. Ventilation Costa for Large Metal'Minea 
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3. DISTRIBUTION OF AIR CURRENTS 

Control of air currents. Natural distribution of air is almost always inefficient; 
for effic distribution, both direction and quantity of flow must be controlled. In a large 
mine, many conflicting factors are involved, and the system should be planned to care 
for as many factors as possible in order of importanc.e, first with regard to safety, and 
second, to service (15). 

Mine pressure adjustments. General directions of flow are determined by points in 
the system at which pressures are generated; quantities of flow, by intensity of these 
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preasures. Both direotion and quantity can be controlled by modifying the natural rena 
tancee to flow in the mine openings, or by artificial airways. Resistance of an airway may 
be increased by tight stoppings so as to stop the flow entirely, or by loose stoppings to 
restrict the flow to leakage, or by regulators to provide a flow under quantitative control. 
Resistance may be decreased by combining airways or changing their phynoal conditions: 
or the equivalent effect obtained by a booster fan. A single airway may be divided by a 
brattice to make 2 separate airways; or an artificiid airway may be constructed within an 
airway (as in auxiliary ventilation by fan-tubing units), or at a jimction of airways to 
permit air currents to pass each other, as by an overcast. 

Direction of flow in a mechanically-ventilated mine is primarily determined by position of main 
fan or fans. Demands of service and safety sometimes coincide, but usually conflict, in whole or in 
part. With two surface openings available, one in active use for operating purposee and tbe other 
inactive, the planning of ventilation distribution involves 3 decisions: what should be the normal 
direction with reepect to the operating opening; should the fan be on the surface or underground; 
should the general direction be fixed or aubject to reversal in emergency? Actual conditions control 
these decisions, but usually a reasonable regard for safety of life and property requires a primarily- 
exhausting reversible fan installed on the surface at the non-operating opening, as discussed btiow. 

Operating openings as intakes. In all mines, the important consideration in deter¬ 
mining direction of flow is that the means of exit should be on intake air; hence the oper¬ 
ating opening should usually be an intake, actuated by an exhaust fan on a non-operating 
opening. Other effectivo mcan.s are: making the operating opening a fresh-air outlet, or 
upcast in the case of a shaft, or putting it under pressure with intake air. Most coal and 
metal mines are so ventilated, including large mines recently equipped. In a gaseous coal 
mine or deep, hot metal mine, it is almost essential to make the operating opening an intake; 
in the former, to limit elec haulage to intake airways, and in the latter, to permit direct 
coursing of surface air to active workings. DisAnrANTAOEs: in cold climates, formation 
of ice in the opening, freezing of water lines, and discomfort caused by low temp. These 
difficulties can be largely overcome at moderate expense. Due to effect of rapidly chang¬ 
ing temp and moisture conditions on timber and rock, intake openings are subject to 
higher maintenance costs near the entrance than tire returns with their uniform air con¬ 
ditions; return air currents may not only be highly corrosive to equipment, but may also 
make openings wet or produce hot, foggy, and smoky air conditions. Where large quan¬ 
tities of dust are raised, on or near an opening that for safety should be an intake, dust 
should be prevented from entering intake currents. 

Location of main fans, in general, should be on the surface, for effic control; legally 
required for coal mines in some states and in most European countries (26). A fan 
underground may be wrecked by an explosion or during a fire; the only sure means of 
control is to cut off the power. However, some normal operating conditions favor under¬ 
ground location, which may actually be more accessible in certain metal-mine layouts 
than location on surface; btit it is then wise to provide also a surface fan for emergencies. 
Where all surface openings are required for operations, underground location is the usual 
solution in metal mines; but in English coal mines, location on surface with air locks for 
pawrin g cars is common. This is relatively expensive where rapid hoisting is done, but 
operation of main fans underground may be more wasteful of power than is generally 
realised. Underground installations usually require air locks on main haulage roods that 
might otherwise be left open; they almost always result in considerable recirculation, 
dangerous during a mine fire and always undesirable. 

BSact of fan location on pressure. In surface inatallatione, greateet press differences between 
intakes and returns occur in tbe upper part of the mine, where stoppings can usually be kept in good 
condition because of infrequent use. In underground instaliatione, greateet press differences are on 
•toppings and doors in an active sons where, due to frequent use, it is difficult to keep them tight. 
Burfaeo fans permit air-flow eyatems of lower reriatanoe than underground fane, as tbe latter usually 
must be placed so that flow is confined to leas than the full number of airways available. 

Arrangsmeot for reversing direction of main flow (Art 13) is required by law for coal 
minAB in some states (25) and in most European countries (26); common at most metal 
and bituminous coal mine*!; used at a few mines in the Pa anthracite district. As insurance 
a gains t emergencies, it should be insUUed at all mines, regardless of whether its need efln 
be foreseen or not. Lack of reversing arrangemepts has been held responsible for much 
loss of life and property in mine^dre disasters. Whether or not to reverse a fan after a 
mine explosion or during a mine fire is a serious decision, to be made only by tbe highest 
officials after consideration of all the factors; the reversing arrangements should therefore 
be locked unless the attendants are reliable. Time is important, and as it is required to 
asowtain the need for reversing and make the reversal, not only should smooth oj>eration 
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be iniured bjr oeoMumel trials of the meohaniain, but other methods of oontrcd should also 
be planned to effect safe exit of men. 

Flreprooflng of intake openings is essential. Intake airwaya usually present a serious 
fire hasard against which it is difficult or impossible to protect the men underground, 
except by fireproof construction. But such construction does not overcome the hasard 
well enough to permit dispensing with the reversible feature of the fan; burning materials 
in the openings or on stations may give off enough gases to cause danger. Fireproof con¬ 
struction is also desirable in mun return airways, though there it is mainly insurance 
against property loss or interference with operations, since the returns are usually wet 
throughout. 

Fireproofing of installaffons is customary for main fans; leas often for auxiliary fans. 
These often present fire haxards, particularly the forward-curved-blade centrifugnla, 
which may overload and burn out their motors. Even the backward-curved-falade oen^> 
ugals with constant-power characteristic are not entirely safe in this regard, when reversed. 

Splitting of the air current. In smaD mines or sections of a mine, the required quantity 
of air is best circulated in a single current. In large mines the flow riiould be split, so 
that each mine section has its own air current, for effic and safety. The power required 
for the same circulation is thereby reduced, one section is not neoesMuily affected by air 
pollution and hasards of others, and quantities may be adjusted to requirements. For 
max effic, splits should be taken off the downcast circuit, and returned to the upcast, as 
close to the surface as possible. Legal requirements as to number of men per split of air 
make splitting compulsory for all except very small coal mines. 

Plan of splitting. In some cssos, the main current is divided, say at a ahalt bottom, into two or 
more primary splits, which in turn are divided into two or more secondary splits, and these in turn 
may be further subdivided. In others, aucceesive splits are taken off the main air current, until it 
becomes the last split. Splitting should not be carried too far, or veloc of flow will be reduced to 
ineffectiveness; or, in the esse of pitch workings, press may be reduced until natural draft pressures, 
due to differences in temp or gas content, interfere with circulation. 

Natural and controlled splitting. In metal mines, the air generally divides naturally, 
with minimum regulation, the object being to get as much air as possible tlurough restricted 
openings. Flow outside iLe main airways may be through a network of interconnected 
openings, and little attempt is made to keep the air splits separate. In coal-mining terms, 
the air is “ broadcast ” through the active sones of operation. In special cases, a similar 
procedure is followed at coal inines, but generally the air splits are carefully controlled, 
with quantities adjusted to requirements by regulators (Art 5). Natural splitting would 
normally give the least air to the longest working section witii the largest requirements. 
Generally, all splits but one (the " open ” split) are throttled by regulators (Art 7). 

Average quantities per split vary considerably even for similar mine conditions. Aver figures, 
to which there are many exceptions, are; 20 000-30 000 cu ft per min for metal mines and longwall 
coal mines; 10 000-15 000 for flat-pitch room-and-pillar coal mines; and 6 000-10 000 (at Ugher 
pressures) for gaseous steep-pitch coal mines. 

Booster fans. Control of air currents by regulators is obtained only at expense of 
increased power requirements, generally accepted as a necessary evil. Where the 
'* open," or unregulated, split has abnormally high resistance, power requirements can be 
decreased by a booster fan in that circuit, equivalent to reducing circuit resistance. This 
device is common in metal mines, where irregularity of ore deposits often demands it 
(Art 13); less often required in coal mines; in gaseous mines, it introduces a hasard and 
'Foster fans are prohibited by law in many states and'in most European countries, or 
allowed only for rare conditions (25, 26). Booster fans are also used in special cases to 
put sections of workings under pressure in mines ventilated exhaust systems, particu¬ 
larly sealed fire areas or caved areas through which gas or fiigh-temp air would otherwise 
enter the main circulation. 

4. VELOCITY OF AIR CURRENTS 

Velocities in passageways. Moderate veloc saves power, by reducing friction and 
therefore pressure. In airways driven solely for ventilation, veloc should he that for 
max economy, as determined by balancing construction cost against operating cost 
(Art 11). In airways for transport and travel, it is limited by considerations of safety 
and health. High veloc may drive the flame of a safety lamp against the gauze and ignite 
a surrounding explosive atmosphere (Sec 23). The bonneted, double-gauze lamps now 
in use are safe to velocities above 2 500 ft per min. Carbide lights can withstand up to 
about 1 000 ft per min, but for working purposes 500 ft per min should not be exceeded. 
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In open-light minM, high-veloc exits should bo eleoirioally lighted and provided with 
regulators to permit reducing velocities temporarily in emergency. Max permisuble vel 
in operating shafts in France is 1 600, and in Germany 1 600 ft p«r min (26). Veloc is 
not limited in U S coal mines, except occasionally by individual mine mspectors. 

Velodties at worldly; faces. In non-gaseous coal minm velocities at working faces 
are not important. Veloc of 20-.30 ft per min moves blasting smoke out of dead ends as a 
compact cloud. Higher veloc breaks up and diffuses the cloud. In gaseous mines, 
100-200 ft per min is sometimes required across faces for rapid dilution of gas emitted. 
In undercut-caving, 100 ft per min or over is desirable across grixsly levels, to relieve 
operator of dust from chute-running (31). In hot mines, comfort increases about as the 
square root of the veloc (Fig 59, Art 17), so that the economy of attempting veloc over 
100 f p ni in local circulations is debatable. (For veloc distributions in airways, see Art 9; 
for pipe inlets and discharges. Art 6.) 


6. DEVICES FOR CONTROLLING AIR DISTRIBUTION 

Stoppings. Almost all devices for controlling distribution by introducing obstructiona 
to flow, or artificial division or deflection walls in airways, may lie called “ stoppings,’' 
since materials and conditions of installation are similar. 

Koto: Spoce between frame ana rock surfaces QUed with concrete 



Fig 3. Ventilation Door used on Motor Haulageway in Metal Mine (31) 

Permanent stopping is a tight wall across an airway to prevent flow to adjoining open¬ 
ings; usually designated “ stopping ” in U S bituminous mines, “ wall-stopping ” in 
anthracite mines, and *' bulkhead ’’ in metal mines; often used in connections between 
parallel airways in coal mines. While gob stoppings, usually faced with plaster or cement, 
are still the rule in many older U S coal mines, concrete-block and brick are now preferred 
in bituminous, and plain concrete in anthracite mines. 

A study by WilUams (30i of 80-sq ft main-entry stoppings in Ill (1915) shows aver first costs 
from $7.20 for dry-wnll gob type arU $7.34 for rough board stoppings, to $11.57 for 8-in concrete 
and $17.43 for 8-in brick walls; lx,; under specified conditions, annual costs, chiefly of power wasted 
in leakage, were $1.53 for conc>-cce, $1.91 for brick, $35.03 for dry-wall gob and $76.99 for rough 
board stoppings. Permanent stoppings in metal mines, chiefly for sealing off abandoned or fire 
areas, are usually of heavy wood construction, often luted with clay or gunited with cement for 
tightness, and erected in ground subject to movement. Aver costs per sq ft of gunited stoppings are 
eetimated (1032) as about 40^ for small and 30|! for large isolated stoppings, and 20^ for large jobs 
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or eapeoi^y largo atoppingit Where the ground ia " heavy," paeka of abort timbera laid endwiae. 
or of altwnate layers of rock and timbera, give good service by cruabing until practically airtight, 
in droumstaneea where a reinforced concrete wall would eventually be demolished. 

Teapoimry stoppiac*- Where waste material is available, and tightness not essential 
(as in connections between rooms in room-and-pillar work), temporary stoppings are 
usually of loosely-packed gob. Otherwise, and for extra tightness, they are of light wood, 
or brattice cloth on a wood frame, usually called " brattices ” (bituminous) or " brattice 
stoppings ” (anthracite mines). Temporary stoppings are infrequent in metal mines. 

Doors. Where men or traffic must pass through a stopping, it has a door. In coal 
mines, the resulting hasard keeps the number of doors to a minimum. In metal mines, 
they are often used where stoppings would be used in coal mines, and transport and trawl 
are thereby facilitated. Where passage of men is infrequent, doors in gaseous coal mines 
are about 2 by 3 ft, so arranged that they can not be loft open. Otherwise doors are almost 
as large as the stoppings containing them: 6 by 9 ft aver for coal and 5 bv 6 ft for metal 
mines. In metal, but leas often in coal mines, a main traffic door, especially if automatically 
operated, is supplemented by an adjoining narrow door for passage of men (Fig 3). In 
metal mines doors are often installed in untimbered sections to control air currents in case 
of fire. 

Type of door, commoncBt in both coal and metal mines, is single, vertically hung and unpainted, 
made of 2 plies of 1-in boards, with doth or paper between plies. Practice favors boriz and vert. 



Fig 4. Door Hooks, or Studs, of Strap-type Hinges (27) 


rather than diagonal plies, with vert ply on the "p\uih" side and nails dinobed on the "pull"side, 
Door is set in a timber frame, with posts wedged to roof and floo^, and closes flush against the frame 
rather than on a jamb. Wooden stop blocks are provided at the floor, with clearance for track, mils. 
Doors are swung by long strap hinges on studs, or " hooks " (Fig 4) and arranged to be self dosing 
with the air current, and stay closed against reversed flow. In cool mines, the frame is erected on 
a slight batter and lower hinge-stud offset about 1.5 in, the doo( dosing by its own weight. In 
metal mines, the frame is vert, and door is dosed by counterweight. Rpare between frame and 
walls is filled with concrete; or, in metal mines, it may be boarded over and gunited; in coal mines, 
filled with " slate ” dry-walls faced with mortar. Various devices reduce leakage where tightness 
is essential (Art 7). For temporary use, or where leakage is not important, light cross-braced single- 
ply wooden doors, or doors of canvas and wood, set in light wooden frames, are common in coal 
nunea. Metal-covered and all-metal types are rare. Glass reflector buttons are often set in doors 
to warn motormen of tbdr location, and small glass panels may be inserted in automatic doors to 
warn men of approaching motor trips. 

Curtains of several narrow, overlapping strips of non-flammable brattice cloth, hung from the 
roof, often replace doors on entries in bituminous, and on breast manways, in anthracite practice. 

Air locks. Wbhre opening a door would seriously interfere with ventilation or create 
hasard, an air lock is formed of 2 doors, only one of which is opened at a time. Distance 
twtween doors is adjusted to the traffic. On main roads in gaseous mines, a third door is 
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often added, to function if either of the others is disaUed; required by law in Pa anthracite 
and some European countries. In metal mines, an air lock is sometimes used where press- 
difference is high, to facilitate opening the doors, as the net press tends to distribute over 
both doors. 'Where the press on air-lock doors makes opening difficult, a smidl shutter 
may be inserted in each door, to equalise press before opening. 

Automatic doors. In gaseous mines, attendants are required, often by law, at imp<H-- 
tant doors and air locks. Sometimes they ma 5 ' be replaced by an extra man on the motor 
crew, or by automatic doors operated by bell-crank lever coimected to a false rail, depressed 
by wt of approaching car. Such a device, common in flat and light-pitch coal workings, has 
been adopted in a few metal mines; not used in steep-pitch coal workings. On main motor 
roads of metal mines, doors operated by comp air are preferred. A motor-operated door, 
controlled by trolley-wire contacts, is increasing in use for main motor roads of metal 

Remote-control doors. Many metal mines use doors operated from a distance by wires attached 
to the valve of a comp-air cylinder (Fig 6). The door is opened by the piston, and closed by a 
counterweight when press is released. Similar designs operate by water press. 



DriAU. OP AIR CYLINDER 


Xlg S. Device for Operating Ventilation Door by Comp Air, Metal Minee (31) 


Fire doors and thdr controL In case of fire the veloo of certain ventilating ourrents 
should be immediately reduced without changing directions of flow. As stopping the fiw 
does not stop mine air currents, the only sure means is to shut off all main airways witit 
doors. These are normally blocked open and used only in case of fire. They resemble 
ventilation doors, except chat those installed in timbered sections are usuaUy of fire-proof 
or at least fire-resistant construction. Best position for the main group of fire dimrs is on 
all oiwn airways off the main or operating shafts; many metal mines are so provided and 
some have installed remote control on f«ets of doors adjacent to particular shafts, so that 
all may be closed from one or more positions, particularly from auiface. The control 
utflises water press, comp air, or elec mechanisms to withdraw a latch, which normiffiy 
holds the door open against the pull of a counterweight; the device may act by applying 
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press or ourreat, or by removing it, Continual inspection of such mechanisms is import 
tant; fsOui^eB due to ground movement and corrosion are common enoufl^ to retard the 
qjread of this useful idea. 

Costs of doors. Coots for subotantiatly constracted 4.6 by 6.6-ft doors in Aris copper mines in 
1028 (31) were: door only. 826; door in concrete frame, 860; air-operated door in concrete frame, 
8176; same, with adjoining narrow man-door, 8225. A rail-operated automatic door with adjoin¬ 
ing man-door is said to cost approx 8300. A temporary type of light wooden door in wooden frame 
of aver sise costs 811^826. 

Line brattice is a lengthwise stopping of light construction (like a temporary stopping)* 
dividing a single opening so as to direct air flow to a gassy working face. It is used in 
moderately gaseous workings to conduct air from the last crosscut to a development face; 
also in rooms in very gaseous workings, particularly pitch workings (see Fig 8); usually 
made of random lengths and widths of 1-in rough boards nailed to each other and to posts 
of small diam, set on 4 to 6-ft centers; joints are sometimes clayed for tii^tness. Non- 
flammaUe cloth, usually jute but termed “ canvas,” is often used, especially for room 
brattices in bituminous mines; it is hung from narrow boards nailed to the posts along 
roof and floor. Canvas is also used for temporary extensions, and is then hung from 
small wooden pegs set in roof. Random lengths and widths of light gages of sheet steel 
“ seconds ” are used in Ala coal mines at a first cost (comparable to canvas) of 20(f per 
sq yd. and last much longer than the 4-5 months aver life of canvas (32). For long 
extensions of single openings, to make connections in coal mines (” cross-measure tunnels ” 
in Pa anthracite), line brattice is substantial, usually of concrete walls or packed filling 
between heavy double-plank walls. In rock openings, small pressure-release panels are 
inserted in the brattice for protection against blasting concussions (27). 

Pipe as a substitute for line brattice (common in steep-pitching measures of the Middle Pa 
anthracite field) is of 24- to 30-in diam, extending to development facea from a board stopping at 
the last crosscut. This is airtight, and avoids leakage, the major defect of line brattice. In metal 
mines, auxiliary fan-tubing ventilation replaces line brattice, and is rapidly increasing in coal mines, 
particularly in deep European mines and U S bituminotis mines using meohanicsl systems of 
mining (Art 6). 

Deflector bnttiees. A loose stopping for deflecting ur current from its normal path 
is usually termed “ deflector brattice ” in metal mines, or simply ” brattice ” or check ” 
in coal mines. Placed across an airway in a coal mine, it often serves to “ hurdle " the 
air into a high spot in the roof where explosive gas would otherwise collect. Deflector 
brattices have bron tried in metal mines for increasing aver veloc through working sones, 
by constricting the flow. They are of rough wood construction; canvas brattices are not 
successful in metal-mine stopes, due to damage by blasting concussions. Deflector 
brattices are used in hot metal mines to keep convection currents, from dead ends, out of a 
cooler intake airway, as such currents cause multiple small-temp increases in the cooler 
air current. 

Regulators are stoppings with openings of adjustable size, for adjusting resistance to 
flow, in series with normal resistance of the airway or mine section, to allow only the vol 
of flow desired. They should be placed to cause min press-differences on stoppings: 
on intake side of circuit in a press system, and on return side in an exhaust system. Regu¬ 
lation by adding resistance is common in coal mines, but in most metal mines has been 
confined to inactive openings, where a small air flow is sufficient to prevent falls or excessive 
decay of timber. Usually a door is fastened open; if*preas is high, blocks are placed 
at both cap and sill to prevent warping. As a regulator is merely an orifice in an airway, 
its pressure loss and size can be calculated for constant conditions from data on orifice- 
press losses (Art 10). In practice, the conditions of posail^le use are largely unknown at 
time of installation, and a large opening is best, wUch can be adjusted by trial more 
accurately than by calculation. 

Types of regulator. A door set partly open is aometiineB used as a regulator, but the common 
eonatruction is a stopping with a rectangular opening and adjustable sliding door, often known as a 
box regulator. Iron slides in concrete stoppings are common on important airways and locked in 
poaition; but a wooden elide door in a brattice is more usual, as tightness is not required. The 
aUde is dispensed with on minor alrwsjrs, and the opening is then adjusted by nailing boards on or 
ripping them off. 

OvercMts. Crossing of air currents without intermingling is effected by overcasts 
(” air bridges ” in Pa anthracite), made by blasting down part of the roof at intersection 
of airways and building an airtight structure in the space so formed. Although often of * 
wood, more substantial construction is now required; usually of concrete with the floor 
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slab reinforced by old rails (Fig 6). Costs of these range from about $260 where little 
rock work is required, to $350 for aver flat-pitch bituminous conditions and $6(X) and over 
for large structures in moderate to steep-pitch anthracite workings. TJndercasts, made 
by blasting up the floor at intersections, are rarely used on account of the danger of filling 
with water or debris. Crossings are practically never used in metal mines, as ^e ordinary 

layout does not require them. 



Minor return currents are some¬ 
times passed through intakes in 
large-diam pipes. Large culvert 
pipe has been used in coal mines, 

well as sectional-steel liner 
plates. Multi-seam coal mines 
often substitute rock drives to 
adjoining seams for overcasts (27). 

6. AUXILIARY VENTILA¬ 
TION 

Fan-pipe installations, whereb>' 
air is forced through small-diam 
pipes to dead-end working faces, 
or exhausted from them, are com¬ 
mon in metal mining and tunnel 
driving, under conditions of length 
and high cost of excavation for 
which line-brattices are not suit¬ 
able. Although largely used in the 
Comstock (Nev) mines before 1850 
(16), the real development of fan 
units and piping, particularly can¬ 
vas pipe (20, 33), started in the 
U S in Butte about 1915, for com¬ 
bating effects of high temp; then 
spread to other metal-mining dis¬ 
tricts with similar problems, and 
later to coal mines (where per¬ 
mittee!), where objectives are re¬ 
duced leakage due to fewer break¬ 



throughs, and better and cheaper 
ventilation in meehanized-mining 
areas. Pipes over 4 miles long 
have been used in driving tunnels. 

Fans of blower tyfk are 
preferred in both metal and coal 
mines, because of better cooling 
effect, better dilution of gases at 
the face, and in permitting use of 
canvas tubing. With this type, 
recirculation should he prevented 
by placing the fan, or a connection 
to its inlet, in an intake current 


Fig 6. Overcast of Reinforced Concrete (27) at least twice as large as the fan 

circulation. In coal mining (34). 
fan inlet should be at least 10 ft from the nearby edge of nearest return current, and 
fan should not take over 40% of total circulation. Exhaust and bsversiblb fans are 
preferred in driving long tuimels. Exhaust units discharge blasting smoke, gases, and 
dust through the pipe, whereas with blower units these return through the tunnel at '^'ery 
low veloc. Reversible units have special dampered ducts at the fan to secure flow in 
either direction; usual practice is to exhaust for a time after blasting, otherwise to blow. 
Advantages of ix>th systems are 'sometimes secured by using 2 blowers: a large unit near 
the face, discharging to the main circulation or to surface through canvas tubing; and a 
smaller imit, just outby the larger, blowing part of the tunnel intake air to the face for 
ventilation (Fig 7). The fans must be far enough from the face to be uninjured by blasting. 
Diffebencbs in VENTiLATiNO EFFECT between exhaust and blower types depend largely 
on differences in veloc distribution and convection current effects (Art 12), both of which 
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favor the blower. Air movement is perceptible only a few ft in front of a pipe inlet, but 
20-30 ft fr^m a pipe discharge. Actual veloc depends primarily on pipe area at inlet or 
discharge and is little aifected by shape (3G, 37). For exhaust units, temp differences 
between end of pipe-line and face are small, and convection effects negligible. For blower 
units, temp difference is often large and convection effects important. Anaconda Copper 
Mining Co (38) uses blower units with narrow-slot discharge, to control direction of dis¬ 
charge so as to produce minimum dust concentration at the breathing level. 

Type of fan unit in metal mines is usually the direct-connected motor-driven centrifugal; for 
elec drive in coal mines, the pro{>e]ler type. For protection against explosive coal-mine gas, oomp- 
air drive should be used, and fans operated continuously or not at all. Comp-air unite are uaeful 
auxiliaries at metal minea for emergencies and fire fighting. Comp-air injeeton (Art 14) are uaed 
for abort pipes on temporary jobs; their efiic is low, but so also is first cost. 

Pipes may be of wood, iron or " canvas,” usually jute treated to render it airtight and 
resistant to' ffre and decay. Wood-stave pipe and heavy gages of iron puie aie usually 
limited to long lines in tunnel driving. Canvas tubing and light-gage galvanized iron 
pipe of 8-16 in ciiam, occasionally larger, are common in metal mines; 8 in for lines to 250 ft 
long, 10-12 in to 600 ft, and 16 in to i (KX) ft or more. Canvas is good for temporarj' instal¬ 
lations and whore a straight line is impracticable. It comes in 25, 50 and 100-ft lengths 
with sewed-in couplings, and is attached to a wire fastened to timbers or to rib or roof 
pegs. It is more easily handled than iron pipe, stands blasting coucussions better, but is 
often tom in service. Iron pipe is good for more lasting installations and for straight 
lines; press requirements for straight lines are lower than ior canvas tubing, in approx 


Lnrce-dlaniftcr canvaa tubing 


Sinall.dlanieh>r canvas tubing 


Face blower 


Main blower 


Fig 7. Fan-tubing Installations for Ventilating Long Dead-end Openings with Canvas Tubing (0) 


ratio of 3 to 5. and joints can be made tighter. Poctions are usually about 10 ft long, made 
up to 12-in diam of single sheets with crimped seams; over 12-in, of 3 sections with all 
scams rivcted-aud-soldered. or Inngit scams crimped. A small swage, or head, is often 
formed near ends of separate sheets, used in assembling sections, for extra stiffness; for 
single-piece sections, ends are swaged and two or more thin iron bands are spot-welded 
at intermediate positions. 

Pipe lines should be as straight as possible and extend to within 15-25 ft of face for max benefit. 
Depending or. type of rock blasted and pipe material, pipe within 26-200 ft of the face must be 
removed before lilasting. To put blasting sections quickly back in service, use of gus musks is 
reoommend(>d for headings; telescopic sections may be used in shafts (12). Blasting gases are 
usually bfown back to the pipe-end with comp air (36). 

Joints in canvas tubing usually permit slight leakage which nan not be controlled. Slip joints, 
with male ends pointing downstream, are common for iron pipe, and since pipe ends are easily 
deformed, large leakages are frequent; remedy is to wrap joints with asphait-eoaked muslin. Joints 
may be made tight against mine press by using draw-hands over wrapped joints, with pipe ends and 
bands swaged. Joints in heavy-gage iron pipe used in long tunnels (up to 6 miles) were formerly 
equipped with expensive flanges, but now are usually welded in place. 

Capacities for mine units vary from 5(K) to 5 000 ci) ft per min, occasionally more, 
depending on. size of opening and heat, gas, or dust conditions. For aver conditions in 
metal mines, roughly approx sizes (51) for .30-50-aq ft openings in warm rock (85-90®) are: 
8-in tubing with fan driven by 3-hp motor to give about 1 000 cu ft per min at 4-5-in press 
for lengths up to 250 ft; 12-in tubing w'ith fan driven hy 5-hp motor to give about 
2 000 c f m at 5 to 6-in press for lengths up to 500 ft; 16-in tubing with fan dri'ren by 
10-hp motor to give about 3 000 c f m at 6 to 8-in prees for lengths up to 1 000 ft; and 
similar fans in series for lengtns much over 1 000 ft. If tubing lines are in aver condition, 
40-70% of the air passing the fan will bo discharged at end of line. 

Pipe costs. A 12-in pipe of aver wt. in 10-ft lengths for iron or 50-ft lengths for flexible tubing, 
costs approx 75^ per linear ft in small quantities. Costs for other sizes vary roughly with content 
of material, that is, with di'sm. For flexible tubing, cost per ft is about 10% lower for l(X>-ft sections 
and 10% higher for 25-ft sections. Under aver ronditlons, cost of installing flexible tubing is about 
one-third that for iron tubing. Appmx ever figures are 2i per ft for flexible and fit for iron pipe. 

Costs per cu ft of air delivered at or near the working place by fan-tubing methods vary widely, 
but an approx total of capital return, power cost, and maintenance is 0.2^ per 1 000 cu ft, against 
sm aver of say 2;! for comp air released at the face and 0.06^ for main-fan circulation. 
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7. lEAEAGE IN VENTILATING SYSTEMS 

ElBc of diatributioii. Proportion of entering air that actually passes through working 
places, is the real criterion of a ventilating system. It is just as important as effio of fan, 
and much more difficult and expensive to attain, because leakage in solid ground can be 
minimized only by substantial construction, and in fissured and pervious ground is diffi¬ 
cult to control. Leakage losses arc generally large and effic of distribution low. Leakage 
at stoppings, doors, and fan installations are common causes of poor distribution. 

Effic in practice. Wiliiams’ tests in 16 III coal mines (30) showed that the max per cent of the 
entering air reaching the last crosscuts of splits was 33.5%, aver about 20%, and in 3 instances less 
than 10%. Davies (28) says that in high-resistance coal mines in So Woles not more than 20% of the 
air moved by the fan reaches coal faces, lii metal mines where all main fans are underground, it is 
impossible to avoid large recirculation; usually, such fans handle 1.5-3 times the amount of air 
entering the mine. However, over practice is much better than these examples indicate. In the 
aver coal mine, 30-50% of fan air reaches active workings; in the aver metal mine, 50-60%, since 
fewer stoppings are involved; in both, max is probably about 85 per cent. 

Leakage through permanent stoppings. The bano of coal-mine ventilation is leakage 
through stoppings between adjoining intake and return airways, whereby air is short- 
circuited without passing through active workings. Leak.age is dependent on construc¬ 
tion and press-difference p (see Art 11 for effect of leakage on pressure-loss computations), 
varying directly as p for very small openings in packed material and as y/p for ordinary 
leal^es. Williams (30) gives test averages in Ill coal mines, showing range of 6 eu ft per 
min for 8-in concrete walls, to 171 c f m for faced goli-wall and good board stoppings. 
Aver pr^s-differences (not given) were probably 0.1-0.2 in of water. 

Leakage through doors is an important fartui in all mines, and depends on construc¬ 
tion and press-difference p, varying as v p- At a press of 1 in, common in metal mines, a 
good door will often pass as much as 3 000 c f m unless precautions are taken, such as 
covering the edges with canvas strips. Leakage may thus be reduced to about 1 000 c f m 
on active doors, and to 500 on inactive doors. In coal mines, aver press-difference, where 
doors are used, rarely exceeds 0.25 in of water, and the above leakages are halved for the 
same door conditions. However, canvas flaps are less effective at low press and leas com¬ 
mon in coal mines, and the ordinary “ good ” door will usually pass 1000-1 500 o f m. In 
good Pa anthracite usage, 1 by &-in boards are set with one edge against the door, w'hen 
in the normal closed position, and nailed to inside of frame on top and sides. These are 
adjusted from time to time, as required by warping of the door, or effect of ground move¬ 
ment on the frame (27). Excessive leakage at doors may be due to lack of a tight seal 
between frame and walls, lack of water-seal on drainage ditches, and excessively large 
openings for pipes, tracks, and trolley-wires. 

Leakage at fan installations, where max press-difference occurs, requires especially 
tight construction, for which wood is unsuitable for lioth effic and safety. Under aver 
conditions of substantial fireproof construction, leakages of 1 000-2 000 cu ft per min for 
email installations, to 3 000-10 000 for large installations, can be czxieeted on the basis 
of available data (9). 

Leakage at fan shafts. Collars of fan shafts and portals of fan drifts should be thor¬ 
oughly sealed to rock, as by concrete construction, to prevent excessive leakage through 
ground that may appear tight. Shaft collars of waste from sinking operations will " leak 
like a sieve ” and spoil an otherwise good installation. 

Leakage through shaft walls. The practice of carrying intake and return curren<» in 
adjoining shaft compartments, though generally regarded as obsolete and forbidden by 
law in some states and most European countries, is still common at many Ind and Ill 
mines and anthracite mines in Northern Pa field. In the former, excessive leakages 
through the curtain wall are common; but in anthracite mines, substantial 16-in brick 
and concrete walls bitched 2 ft into the side walls practically eliminate leakage unless 
ground movement is excessive. 

Leakage through strat' is normally negligible, but practically always present, ss shown by the 
usual low pressures on firi-^area seals even in " good ” ground. Where air must be carried through 
broken, caved, or filled ground, leakages are often amasing; losses of 90% in only 1 000 ft of travel 
are not uncommon. The usual remedy is new airways through better ground, with air broadcasted 
through broken ground to similar returns or to surface. In metal mines, booster fans are sometimes 
used to minimise preae-differeaocs at local areas on airways where leakage would otherwise be 
excessive. Leakage in airways passing through pervious ground may also be reduced by carrying 
the air tilurough by ]ow>preaa fans operated in series to minimise press differences. 
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8. EFFECT OF MINING METHODS ON AIR DISTRIBUTION 


General effect of openings on distribution. Exact conditions of distribution at work¬ 
ing places where mineral is extracted dei>end largely on details of miniitg method, both as 
to position and typo of openings, and time-seouence in driving them. In general, the 
larger and more numerous the openings, the better the air conditions at working places. 
However, the prime need for good ventilation is 2 or more openings to all working 
fhamljers, to effect through-circulation. To remove blasting smoke to the main flow, 
for diluting strata gases, or to provide air-motion cooling in warm atmos, quantity of flow 
usually is less important tlian veloc. For the same power load, quantity is increased, but 
veloc decreased, as openings are increased in number and sixe, whence openings should bo 
of minimum size at working places, and max size elsewhere in the rircuit.s. Exactly the 
reverse is the normal result of all mining methods, since working places are large openings, 
and connections much smaller. Low veloc of flow in working places can lie increased 





A-Workings on Flat Pitches 



Fig 8. Methods of Ventilating Gassy Room-und-pillar Workings (27). (Legend as for Fig 2) 

by attention to details; but for aver conditions velocity requires little consideration, 
because even very low veloc on through-circuits, with diffusion and convection currents 
in openings off through-connections, usually suffice. Velpo is important only in gaseous 
coal mines and for high temp. 

Ascensional ventilation. For inclined working places, the relative elevations of con¬ 
nections are important because of natural-draft and convection-current effects. Essential 
requirement is that ('.onncctions be made to airways above anti below the working openings, 
so that ascending througli-circulation is possible and max advantage is taken of natural- 
draft press. To utilize available flow in both inclined and flat workings, the rule of next 
importance is that through-openings be offset with respect to the working openings, so 
that the actual working place is not a long dead end off a through-opening. 

Room-and-pillsr methods ore practically standard in U S coal mines, and, although details of 
layouts of n'orkmes differ, the essential features in active working sections are shown in Fig 8. 
Development is by double-mtry, employing 2 parallel opemngs connected by crosscuts 80-1(10 ft 
apart. 

In steep-pitch workings, air may be distributed as in Fig 8, B, except that “chutes" 
connecting haulage-road and airway, also the rooms (" breasts ”), are partly filled with 
broken coal, leaving one manway open in the chute and one along each rib in the room 
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(Fig 9). These manways are bratticed off below the last open crosscuts, and carry air to 
the face on one side and back to the open crosscut on the other. Manway and airway 
brattices and chute stoppings have small canvas-covered openings for passage of men. 
Chute and manway openings in chute stoppings ^u-e small, and are sealed off when the 
chute is no longer used. 

In moderate-pitch gaseous workings, the breasts are earned open, and line brattice is 
used to convey air to the faces; distance from face to end of brattice, and tightness of 



Fig 9. Start of “Pull" Breast in Steep-pitch 
Breaat-and-pillar Mining (P & li C & I Cu) 


brattice, depend on gas conditions at the 
face. Separate lifts, or sections along the 
pitch, are usually kept separate by ventila¬ 
tion and drainage pillars, aud face-ends are 
connected (Fig B, B) to avoid gas accumu¬ 
lations in dead ends extending to the rise. 

In flat-pitch gaseous workings occurs 
the extreme of ventilation control, as in 
Northern Pa anthracite field (Fig 8, A). 
Air is carried to both development-ends 
and room (“chamber”) faces by line brat¬ 
tice and is practically air-locked all the 
way. Intake air is earned on the lower 
road direct to devcloi'.meut faces, andmain- 
bauiage is on tlko intake airway. Chamliers 
are doored off while active and walled off 
when inactive. Upper road is used onlj-^ 
as an airway for development and for 
gathering-haulage service in active sections, 
and is walled off when no longer thus re¬ 
quired. In gaseous bituminous mines and 
less-gaseous anthracite mines, rooms are 
generally turned off only one road of a pair 
of entries. To bring haulage near the rooms 
through intake air, the intake is sometimes 
carried in on the room entry, passes through 
the rooms, then through development faces, 
and returns on the adjacent entry. Gen¬ 
erally, however, most gas occurs in develop¬ 
ment faces, and air is carried direct to 
such openings aud then through the rooms, 
with only enough coursing to meet gas 
conditions; haulage is then on return air, 
mixed by leakage witli intake air. Line 
brattice is seldom required in rooms in flat 
bituminous w'orkings. For very gaseous 
conditions, doors on room necks and brat¬ 
tices in room crosscuts generally suffice. 
For less gaseous conditions, tlie latter are 
not required; the air is forced to travel 
through the rooms by check curtain brat¬ 
tices on the entry in the active section, 
sometimes lietween all room necks (Ar¬ 
kansas). 

Flat noB-gaseoua workings. In these, only 
ininimuin control is needed. Afevrcheck curtc.ins 
on the room entry serve to keep the air “broad¬ 
casting" through the rooms. Even these are often 


omitted, and the only air Dsaaiiig through rooms is that duo to naturul splitting, occasioned by 
variable resistances to flow Interference by cars in entries of small cross-scc forces most of the air 
to take lower-resistance piii lis through the rooms and room crosscuts. Rooms ere often driven off 
both entries, so that the incake must necessarily he through one group and the return through 
another. Often, air requiremeiiis arc so small that several sections are ventilated by a siugie split 
of air, and the return of one section becomes the intake of another, often “ sweetened," however, 
with small additions of intake air ditect to each section (see Coal Mining, Sec 10). 


Longwall methods used in U S aro moBU.v short-face types with working face com- 
paraUe to the rib of a room, end air-distribution, conditions are like those in room-and- 
nillar methods. In typical longwall workings (Fig 10) as in Europe, with branching roads 
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from oantrally-Iooftted downcast and upcast drafts to long working faces, few splits are 
required and large-volume flows sweep the faces, an important advantage of this system. 

Metel mining fliethods in rare cases are comparable to flat non-gaseous coal mine 
layouts; usually to multi-seam, steei>-pitdi, coal operations, but with more variety Of 
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Fig 10. 
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Fig 11. 


Method of Vontilnting Itctreafing Open 
Stupes to) 


mining method. Strict coursing of air currents is not required except to cope with high 
temp. Larger quantities of explosives are used and blasting smoke is more of a problem 
than in coal mines. 

Open-stope workings are usually large and thus easily ventilated, as air reqiiireinents are low. 
There must be at least out- opening from each large working place to the level above. Veloc of air 
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Fig 12. Method of Ventilating lletreating Shrinkage Slopes (0) 

travel is usually very low, but blasting smoke and gases have only a short distance to go before 
reaching inactive workings, where their slow' travel is of httle importance. Depths of mining which 
involve high rock temp usually also require rbanges in mining methods (os from advancing to retreat¬ 
ing sloping}, and openings cave more readily, automatically diverting air fiowa to active openings. 
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RecentIjr-cRved ground oe«r uotiTe openings is usually still fairly permeable to flow and constitutes 
a second opening of low resistance for retreating working fanes (Fig 11). Even after caved areas 
have become compacted, they will usually poss considerable air, chiefly along i>illara and solid 
boundaries. Eventually, with increased depth, special return airways must be provided. 

Shnnkage-stope workings. Ground that can bo worked by temporary-fill, or shrinkage-stope 
methods, ia also easily ventilated. For safety, each stope should have 2 openings, and for go^ 


Doan abon aeoa voplaeed bj otopplngi 



fig 13. Method of Ventilating Horie Cut-and-fill Slopes (9) 


ventilation these should connect to the levels below and above. The opening at the working face 
is restricted, and, with blasting confined to end of shift, the small quantities and low veloc of the 
normal air flow give good ventilation, sometimes permitting blasting of large slabs during the shift, 
although such blasting is usually confined to the lunch period or end of shift. In continuous shrink¬ 
age sloping, connection to the level below is usually provided by the chute-raises driven during 
advance development; even with a shallow depth of coarsely broken ore, these will often permit 

enough seepage of air to ventilate the stope. 
Where a floor pillar is left under the level 
above, it must be pierced at intervals. A 
shrinkage stope not connected to an upper 
level is usually poorly ventilated, particularly 
where the stopc-wall rock is warmer than 
the air in the airway to which connections 
are made. Where the wall rock is colder, 
natural draft may give good ventilation. 
Often the ventilation of a shrinkage stope, 
not connected ^to an upper level, could be 
ELEVATION AND SECTION improved easily by a loose curtain or canvas 

, door in the lower level, between the end open- 

^ _ 4 !_****'° stope, thus hurdling air to the 

^ working face. 

- — [■--^ Retreating shrinkage stoping on moderate 

timbar |***i^{*- ^ pitches provides good ventilation conditions 

•ii<l» “ (F«g 12), as the working chamber is a rela- 

!_ac4J" “» '...■i lively confined space with large openings to 

^ 1 s the levels below and above, and the slowly 

W -I * caving ground back of the broken ore makes 

vOot: S'* i . ♦ “ low'-rcsistance return. If desired, flow oan 

” lJ _ “ ZZH^ZZZI^iZ ~ .2- — confined to the stopes by temporary stop- 

Hanww Cfattta ^ pings Of doors inside the last active drawing 

'"LAN chute. 
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Fig 14. Two-comot Cribbed Kniae (9) Filled-stope workings. Their natu-al lay¬ 

outs are favorable for ventilation, because they 
require connections to the levels below and above. However, ground conditions often limit the aise of 
passages, so that air flows are s'uall, even with mechanical ventilation. The larger compartmente 
of raises ere usually full of ore or fill, so that circulation depends on the manway compartments, of 
which two sre always kept open for safety. In a stope in its early stage, both manways may lead 
eff the lower level; in later stages the only one maintained may lead to the upper level. Or a single 
manway may go directly from level to level; stope ventilation then depends largely on eddy cur* 
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rente off this manway. For Kood air conditione, the layout should provide aecensionBl flow, with 
air coursed through the working area (Fig 13). Manway design is important; a good design used 
in many western metal mines is shown in Fig,14. As vcloc must increase in high-temp ground, the 
cross-sec of openings must be minimised, and filling should closely follow extraction. Rill stoping 
and filling, especially when retreating, favor stope ventilation. 

Top-slicing provides poor natural conditions fur ventilation, due to dead-end workings and to 
beat from decaying crushed timber in the mat. For good results, special openings for mr must often 
be made. There are 3 general 
methods: "hurdling” from the 
level below by well-arranged 
stoppings and doors; connecting 
each floor in succession to a 
raise in an adjoining section, 
connected to the return airway; 
and connecting, to a return air¬ 
way, the open space above a thin 
mat and fill. Miami Copper Co, 

Aris (1018}, using mechanical 
ventilation, employed a ventila¬ 
tion level of closely spaced open¬ 
ings, with numerous' doors and 
stoppings to force air through 
closely spaced raises to large top- 
slice operations; results were so 
good that continuous blasting 
was possible in thf> stopcs. In 
general, the hurdling method 
(Fig 15) is applicable to aver 
top-slice conditions, the other two 
applying only to special condi¬ 
tions of advancing or retreating methods, or of mining small sections or pillars in ground that 
stands well. 

Undeicut caving involves many development openings without upper connections (unless made 
to old prospect openings); but the many openings between undercut and grissly levels usually 
induce convection currents, with enough circulation for 1-shift work. Mechanical ventilation is 
always used, and provides quick clearance of smoke from working piac.es and grissly drifts, where 
intermittent blasting is required. In general, intake uir along the main-haulage level is carried to 
the grizzly level through raises driven for new development, and passes thence, through active 
drawing drifts, to fringe-drifts connected to the returns. Due to difficulty of keeping other raises 
(in drawn and drawing sections) blocked off with waste or ore, control is uncertain, but some control 
is possible by using doors or stoppings at fringe-drifts, to close, all but the active drawing drifts. 
Actual layouts often preclude simple methods, and in 1920 the Miami mine was considering a special 
ventilation level for a new section, for better control of ventilation (31). Good ventilation of 
bouiidory-caviug shrinkage workings usually requires a well-planned system of connected openings. 







Fig 15. Hurdling Method of Ventilating Top-slice Slopes (9) 


9. VENTILATION MEASUREMENTS 

Quantity of air passing in an airway is expressed in cu ft per min (c f m); not deter¬ 
mined directly, but calculated by multiplying the airway area in sq ft by the aver veloc 
of flow, ft per min. 

Measuring current veloc. Usual methods are smoke-clouds for low veloc, anemometers 
for moderate to high, and pitot-static tubes or special anemometers for very high veloc. 
Measurements should be made where the cross-sec is regular and preceded by as long a 
straight section as possible. The observer should not obstruct or disturb the air current, 
by causing local increases of veloc around his person; his best position is in the plane of 
measurement at arm’s length, or farther, from point of measurement. 

Velocity distribution. As veloc is variable over any section, areas must be traversed 
by multiple readings. One-point observations, if exactly the same point is used, will 
show relative changes. Max veloc in a straight airway* of uniform crosa-sec occurs at 
middle of section and is about 1.2 times the mdan vcloc. At a constriction m a straight 
airway, side velocities are increased and mean veloc approaches, or may exceed the center 
veloc. At an enlargement, side velocities are decreased, and center veloc may be as 
much as 1.4 times the mean veloc. 

Smoke-clouds may be used to determine direction and approx magnitude of flow at velocities 
below the usual anemometer range. More accurate instrumente, including special anemometers 
and the (dry) kata-thermometer, are available, but their use in mines is limited. Hmoke-clouda 
may be generated with on aspirator bulb blowing puffs of air through a gloss tube containing granu¬ 
lated pumice, saturated with anhydrous tin or titanium tetrachloride. Clouds generated to travel at 
the quarts* points of cross-sections mve results averaging about 10% high. Variations in flow are 
easily detected and observations may be limited to periods of normal flow, a decided advantage 
where velocities are low. 
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Birui Tuo anemometer having a range of 150-2 000 ft per min is usual for moderate 
to hi[|^ veloc. It is a small windmill (Fig 16) with oblique bladee connected through 
clutch and gearing to one or more dials, which record the velocity of air passing the blades. 
Obaervations must therefore be timed; difference between the final and initial readings 

divided by time in minutes gives veloc in ft per min. Recent 
designs have a zero reset, giving the total reading directly. 
Common size is 4-in diam. Side opposite the dial is held 
against the airflow, usually by hand; but a rod can be at¬ 
tached for more accurate measurements and greater reach. 

Anemometer calibration. Errors in single readings by Biram 
anemometer range up tu 10%: loo high at high veloc, too low at low 
veloc. Caliojalion eharta or tables arc furnished by the maker. 
Experiment (39) has shown that the relation between registered 
veloc, Vo, and true veloc, V, cun be expressed by the straight-line 
formula V = A + ItVo, in wliioh .4 and B arc constants. .1 varies 
as the SC] root of density, but values of A being about 30 for com¬ 
mon types, the density elTect is negligible. 

Accuracy of anemometer measurements varies with 
Pig 16. Anemometer nietliod of use and with pulsating Sow, w'hich causes high 

readings. Ordinary methods of traversing by hand, without 
using calibration or method factors, may yield results up to 20% high for high veloc, as in 
fan ducta. With careful wt«rk, relative agreement within 2% is possible for successive 
readings. Timed hand traversing and use of calibration and method factors (9), give 
results within .')% under aver flow conditions. In precision traversing, with anemometer 
shaft guided by a frame, results accurate within alwut 2% are possible, and relative agree¬ 
ment of successive observations within 0.1% has been obtained (40) w’hen flow is uniform. 
Holding the instrument by h.and increases the reading about 10%. 



Other anemometers. IIioh-bpk«!d iiir8TnuMENT.s of the Hiram type usually have half as many 
blades as the standard, but are otherwise similar. I:;Dir.\TiMn anemometer.-, although sensitive 
and convenient, are little used in mines, because: oseillntion of the pointer pievent.s accuracy; many 
readings must be averaged to attain accuracy, and obsei rations often involve interference with air 
ourrenta. Common forms are: wmdiiull tyfies with devices similar to speedometers; and pivoted 
vanes, indicating veloo by the angle to which the vane i& set. Velometer is a sninging-vane 
anemometer, in which the vane m enclosed in a housing with inlet and outlet ot>cnings, to which 
attaohmente are fitted for measuring vcloc and preas over a wide lange of flow conditions. Impact 
press of the veloc (and press-differences) cause proportional fiow of air through the instrument; 
and the momentum of this flow actuates the vane. In impact-vane imstruments, vcloc reading 
varies directly as tlie sq root of aiz density (end of Art). 


Pitot tube apparatus is moru practicable for measuring very high velocities than are 
Bijecial aneriomeUtrs, as measurements aie often made inside pipes and tubing where an 
anernunietcr (»uinot be used. It consists ol a 
double-walled pitot-static tube (J'^ig 17) and 
manometer for measuring difference in press, 
transmitted through tubing from tlie two 
component parts. I'his press difference is 
equal to voloc press of the flow (see below). 

The apparatus is a primary device for air 
measurement, accurate in most designs to 
within 1% (39). application. With V 
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For careful work, aver veloc mu'^t be the mean of computed velocities, not that derived 
from the mean of vcloc pressu es. Accuracy also requires precision traversing, and, for 
moderate to low veloc, very sensitive manometers; press is approx 1 in at 4 000, but only 
0.26 in at 2 000 ft per min. Under miue conditions of high-veloc fiow, the common vert 
U-tube manometer or "water-gage” is sufficiently accurate, and merely approx methods 
of traversing are justified. 
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OtlMT pfCMorfl-dlffMCBce nathodc, wherein reloo or quantity o{ flow ia measured by the prem 
change eauMd by an obstruction, such as an orifice plate, or by dillwence in oross-acc area, as in a 
▼enturi^haped section, are rarely used in mines, althou^ applicable to certain phases, as teste of 
fan^pipe installations. 

Accunicy of air-flow moasuTonionts. Considering the normal yariations in air quan¬ 
tities in mines, particularly on the split flow, accuracies of individual measuremonta of the 
order of 10% for low veloo and 5% for moderate to high veloo are satisfactory. For fan 
tests, and other purposes where care is justifled, accuracy within about 2% is obtainable 
in absence of marked pulsations. Efleot of pulsations in causing high readings can be 
allowed for if their amplitude and period are known (39); not the case in mine flow. Con¬ 
sidering the aver inaccuracy of measurement, the reporting of flows below 20 000 c f m to 
the nearest 600 c f m, and over 20 000 c f m to the nearest 1 000 o f m, is sufficiently precise. 

Absolute pressure of the atmosphere is usually measured by aneroid barometer, 
chiefly to determine air density (end of Art). Approx valuos are obtainable from tables 
of altitudes and temperatures (4), but as the abs press at any point may vary 1 to 2 in of 
mercury during the year, actual observations are better. 

Aneroid barometer is a fiat, rirculat, corrugated vacuum capsule with one side attached to a case 
and the other to an index mechanism carrying a pointer over graduated circles on front of ease. 
Air pressures distort the capsule and thus actuate the pciinter. Best aneroids arc compensated for 
temp by a bar in the linkage, composed of two or more metals. Scales may be graduated to read 
inches of mercury, or approx equivalent ft of altitude, or both. Mine instruments usually have 
both, and should always have the mercury scale. For mines at very high altitudes and deep mines 
at sea level, instruments with special scale ranges are required. Small rugged types ore better for 
mine work than larger and more accurate ones, as they stand sudden and large press und temp 
changes better without change in calibration. Accurate work requires oocasional comparisons with 
a laboratory-standard vert-tube mercury barometer. With the best instruments there is consider¬ 
able lag in press and compensation for large changes. Pauun ameboid (12) is a special design, in 
which distortion of the oepsule is prevented by changing a spring tension, adjusted by turning a 
ring on the dial until a secondary pointer comes to scro position, whereupon the main pointer indi¬ 
cates pressure. Several concentric dials are used to indicate very small press changes. 

Absolute-pressore surveys. Methods and instrumenta (41) for measuring abs press 
closely enougli to determine small press-differences due to air flow are in the development 
stage. Approx results have been secured in main airways of flat-pitch mines, but diffi¬ 
culties in steep-pitch mines have led to a preference (42) for direct presa-difleronco methods. 
High-prccision standard aneroids are popular in England, where a special vert-tuhe 
barometer, the “ contrabarometer," also finds some use. In Germany, the Askania 
Statascope (43) is favored; it is an aneroid, in which the base press can be set and small 
differences from it are measured. In the U S, the Paulin is most used, with graduations 
in ft of altitude only; and in coal mine practice, density differences are ignored by making 
direct corrections for differences in altitude, usually without material error. More 
precise instruments are required for use in minor airways. 

Measurement of small pressure differences due to air flow is usually made on liquid 
manometers (U-tubea partly filled with liquid), by connecting each press to a separate 
leg of the U and measuring vert difference in height of liquid due to difference in press. 
If a liquid other than water is used, its sp gr is determined and press-difforenre is expressed 
in inches of water at 60° F; 1 in of w'ater equals 6.2 lb per sq ft or 0.(K161 lb per sq in. 
Kerosene and alcohol are often used in more sensitive types; kerosene in permanent set¬ 
ups, because it does not vaporize or change ap gr; alcohol in the lalioratory, as it does not 
cling to glass nor affect rubber tubing. Toluol is used in some high-precision gages. 

Manometers. VerticaIi type (water-gago) is so widely used in mine ventilation that 
press differences are usually termed “water-gage.” Its simplesc form is a U-shaped glass 
tube, partly filled with w'ater and with scale attached. Where mine pressures arc separated 
by a brattice, no tubing connections are needed, the gage being applied as in Fig 18. To 
facilitate reading differences in level in the two legs, the scale is adjustable to bring an 
even inch mark opposite one liquid level. 

Precautions: (1) connectiona should be tested for air tightness by observing if the gage will hold 
a press when the ends ore sealed; (2) where differences of elev are involved, composition and temp 
of air in connections should be the same os in the air current, so that small pressures due to unbol- 
anoed air columns do not affect the reading; (3) tube and tubing ends should be in quiet air to avoid 
small errors due to veloc effects on orifieee. Where used in moving air currents, tubing should ter¬ 
minate in a plate or tube, like the static terminal of a pitot tube, having a small burr-leas orifiee in a 
surface parallel to the flow. Imclimed iiamouxtxr, or U-tube with both lege in an inclined plane, 
magnifies the reading and measures to 0.001 instead of 0.01 in of water; used for greater sensitivity, 
os in research or with pitot tube. Anglo of inclination, accurately known and maintained, is deter- 
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mined by the mftcnifiwtion desired and ap gr of liquid used; its sine is found by dividing the reeiinro* 
osl of the sp gr by the awgnifioation ratio, or length (in) of slanting scale for 1- in of vert displaee- 
ment of water. Instrunieats with fixed magnification and mounted on a leveled base are usual. 
Fur mine work. Weeks (12, 44) has designed a transit-mounted adjustable-slope instrument (Fig 10) 
.'-uitnble for measuring small press changes in short sections of airways. Dbaft oaoz, for fixed 
positions in power plants, is a manometer with one leg of large and one of small bore, proportioned 
.oQ that over 95% of the vert displacement of liquid occurs in the smaller tube, which has a graduated 
scale; readings are made on this leg only. One reading only is required, whereas both leveto of a 



Fig IS. W ater Gage 



U_^19 ft?_.JL 

U-Toba ^^lot for adjustment 
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jiniforni-bore U-tubc gage must be read for fluctuating press-diff; but calibrations are required for 
accuracy. MicROMANOMeTERa are precision manometers, for great accuracy, ns in measuring low 
velocities by pitot-tube press luethuds, and for calibration of ordinary manometers. They resemble 
draft gages, with nncronictcr nieasureinents of magniricd scale readings and scales set to eero at 
the levdl in the largo bulb in which, due to large area ratio, only an inflnitesimol part of the total 


UubW oomieotBn 



Fig 20. Wahlen Gage (diagrammatic) 


displacement occurs. Most types commercially 
available are of German make, as Frandlt's preci¬ 
sion manometer (3) and Askauia Minimeter (43). 
Waiile.v oarb (4.1j is a precision manometer of a 
two-liquid, tilting gage (Chutt.uck) type, accurate 
to 0.0001 in of water (Fig 20). It consists of 2 
unequal-bore U-tubes half filled with alcohol 
coloied red with aniline, connected by a third 
U-tube which is inverted and filled with clear 
kerosene of a sp gr about 0.01 less than the alcohol. 
In one U-tube the large bulb is movable vertically 
by a micrometer. Junction of the liquids is in a 
tube of capillary size. A zero reading is obtained, 
with both bulbs open to the air, by adjusting 
height of bulb A to bring the junction to an etched 
mark. Then with the greater press connected to 
bulb B, vert displacement of the junction is 
neutralized by raising bulb A. The difference of 
final and zero readings measures the press-differ¬ 
ence, in inches of alcohol. A scale etched on the 
capillary is useful where press fluctuates (10). 
Due to the large amount of exposed gloss, this 
instrument is greatly affected by small temp 
changes, and can be used properly only under 
laboratory conditions. 


Recording pressure gage is useful for continuous records. Common design for fan 
(iressuros is like a cloclc, the f.ace con.^Uting of a 24-hr circular paper chart, with radial hour- 
lines. An indc.t pen descnhies a line varying in radial distance according to air press. 

Indicating and recording quantity gages arc little used in mine ventilation, due to expensa and 
rccessity for special calibration. As 'ccording designs are based on measurement of small press 
differences, the small forces involved require expensive coiistruetion. In the Bachakach quaNTITT 
UGCORPEU, veloc press is iniiltiplica by venturi devices 2 to 3 times, and recorded on a drum chart, 
graduated for quantity if desired. Multiplication of press is not exact and calibration is required. 

Power of a ventilating current in ft-^b of work per min press (including veloc press) 
in lb per feq ft, X veloc in ft per min, X area of air course in sq ft «- pVa = pQ, wherein 
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Q M quantily of flow in cu ft per min. Hp of current <« pQ 4* 33 000. Example: hp of 
ventilating <nirrent passing 100 000 cu ft per min at press (including veloo press) of 2 in 
of water • (100 000 X 2 X 5.2) ^ 33 000 - 31.6 hp. 

Air density (see Sec 23,39). Press of water vapor is determined by its dew-point (temp) 
(Sec 23). Both this temp and relative humidity, the ratio of vapor press at dew point to 
that at dry bulb temp, are determined, from oltserved wet- and dry-bulb temp and abe 
press, by psychrometric formulas, tables (67) or charts (9). "Standard atmosphere” is 
dry air weighing 0.08072 lb per cu ft at 29.922 in barom press at 32^ F (at Paris). 


Density formulas. Wt of dry air in 1 cu ft of moist air at temp t, barom press b, and press of 
water vapor / in of mercury, is: 

tea - 0.08072 —(fc - f) 

459 + 1 29.922 459 + £ 

Wt of water vapor in 1 ou ft, at preu/, is: — 0.622 — /• Combined wt of air and vapor 

in 1 cu ft of moist air is: "■ * 

1..325 


Wcj + 


4ii9 4- t 


(b - 0.378/) 


If relative humidity is r and vapor press corresponding to air temp is F, then rF •« /. For dry air 
/ ~ sero, and press ~ 6. 


Weight of gaseous mixtures can be computed when proportions of the constituents are 
known. Wt of moist air is found as above, and the mixture of air and aqueous vai)or is 
treated as a single element; not quite correctly, except when humidit.v is determined 
before the air is polluted with mine gases. This is seldom possible, because mine condi¬ 
tions usually increase humidity, but the error is negligible. 


Example. To find wt of mine atmos containing 1% CO« fsp gr 1.529) and 1% CH 4 (sp gr 0.6646), 
at 29 in barom, 75% relative humidity and 50° F (at which, press of saturated aqueous vapor is 
0.362 in of mercury). Weights per cu ft are as follows: 

For moist air, : (29 -*0.378 X 0.75 X 0.362) - 0.07519 

459 + 50 

For CO|, 1.529 -i -?- - 29 - 0.1164 

459 + 50 

For CH 4 , 0.5645 29 - 0.0424 

459 + 50 

For the mixture; 

0.98 cu ft moist air @ 0.07519 weighs 0.07369 Ib 

0.01 “ •' CO 2 @ 0.1154 “ 0.00115 “ 

am " " CH 4 @ 0.0419 •' 0.00042 " 

1.60 " " of mixture weighs 0.07526 “ 


10. AIR FLOW IN MINE OPENINGS 

Air flow conditions. When air is flowing in a duet, the wall surfaces, and their posi¬ 
tion with respect to the flow, cause interference of one airstream with anotlier, whereby 
part of the kinetic energy of flow is converted to heat; hence, to maintain kinetic energy, 
it must be constantly renewed from total energy of flow. The flow therefore causes con¬ 
tinuous decrease in total energy of air current in the dii^ction of flow, and automatically 
adjusts itself as to quantity, so that total energy used in a circuit equals total energj' 
generated therein. Energy losses occurring in straight ducts of uniform cross-scc are 
called friction losses', those due to deflections and change of cross-sec arc shock losses (9). 
Both energy losse.s and energy gains (us by natural or mechanical means) are evaluated in 
terms of press. 


Pressure forms. Theoretically, totcl energy of flow is measured by abs static press and velocity 
press. Abs static press depends oH flo« and also on difTcrence of elcv. But, as changes due to clev 
are almost balanced in any inclined or vert flow circuit, changes are conventionally considered as 
though the flow were boriz, and small changes due to unbalanced weights of air columns, ns naturally 
generated press, or “ natural draft " (Art 11). The absolute nature of static press is thus ignored, 
and only changes in absolvte press due to flow are considered. 


Pressure changes. The sum of static and veloc pressures is the total press, which 
remains constant except as depleted by friction and shock. (For positive and negative 
pressures, soe Art 12.) Changes in veloc of flow, due to varying areas of cross-sec, cause 
corresponding changes in static and veloc pressures, which are mutually convertible; but 
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conversion is alwtQrs aooompanied by some shock loss, depending on abruptness of change 
in area. Veloc pressures in mine airwfqrs usually are so small ^at practice commonly 
ignores them and considers only static press, or "water gage,” which is usually, but not 
always, tlie difference between the abs static pressures in an air stream and in the atmos¬ 
phere outside. 

PresBore losses. Both friction and shock losses depend primarily on dimensions of 
the airway. Roughness of wall surfaces is a determining factor of friction losses, whereas 
relative positions of wall surfaces largely determine shock losses. Friction press losses in 
straight sections of approx uniform cross-sec comprise most of the total press loss in a 
mine ventilation system. In deep metal mines, main airways alone often account foi 
70 to 90% of the total press requirement. 

Friction formulas. The generally-accepted formula, or law, for press required for 
flow in mine airways, as developed (12) from an old hydraulic formula for turbulent flow, is 

kPLV^ kSV* 

n B — ■ ■ os . . 


where p <= difference in total press between'ends of airway, lb per sq ft; k experimental 
factor (Table 2); = rubbing surface, sq ft » P, perimeter, ft, X L, length, ft; V =■ veloc, 

ft per min; A ■■ aver crose-sec, sq ft. A more convenient form for direct application is 




kPLQ* 

6.2 A» 


where Up ■= press difference due to friction losses, in of water; Q = cu ft per min. 


Laws of proportion. Proportional ebangea in press requirements due to variations in airway 
and air-flow cuiiditioua are deduced from the basir formulas above, using the flrat for coustant-veloo 
assumptions, the second for constant-quantity assuraptio is, which are of more practical importance. 
For constant quantity through similarly-shuped airways, press difference varies as the 5th power of 
a eide or dium. 

Effect 01 shape of cross-sec on pressure requirements, for same quantity and area (9), can also 
be deduced from the formula. Multiply the value for circular cross-sec by; 1.13 for a square, 
1 15 for a 1 to 1.5 rectangle, 1.20 for a 1 to 2 rectangle, 1.30 for a 1 to 3 rectangle; in shafts with 
square compts by 1.60 for a 2-compt, 1.05 for a 3-compt and 2.26 for a 4-coinpt shaft; in shafts 
'sith rectangular compts, with 1:2 ratio of sides, by 1.69 for 2-compt, 2.07 for 3-compt, and 2.39 
fur 4-compt shaft. 


Value of friction factor k depends chiefly on character (roughness) of sides of airway, 
and vanes directly with air density (Art 9); also affected to a lesser extent by sise, and 
possibly form, of cross-sec and veloc of air current; and may he adjusted to include minor 
shock losses due to curvature, sinuosity, or obstruction. Formulas, based on expori- 
ments on pipes and small ducts, have been developed for effect of size and veloc on k for 
straight, unobstnicted, smooth-lined ducts: but not for rough-surfaced ducts, as mine 
airways, where these effects are relatively unimportant for usual sizes and velocities, in 
TOinparisou with character of walls, irregularity of section, curvature and obstructions. 
Table 2, based on existing data and original experiments in coal and metal mines by the 
Bureau of Mines, applies to velocities of 300-2 000 ft per min, and values of A -r P 
between 1 and 2 ft. 


Table 2. Friction Factors for Mine Airways (40) (9) 


Values ot k X 10'® for air at 0.075 lb per cu ft * 


Type of airway 

Straight 

Slightly sinuous 
or curved 

Highly sinuous 
or curved 

Clran 

I Modcr- 
1 ately 
obstructed 

Clean 

Moder¬ 

ately 

obstructed 

Clean 

Moder¬ 

ately 

obstructed 

Smooth lined. 

.. Min. ! 

10 

25 

■an 

35 

35 

50 


Max. 1 

1 20 

35 


45 

45 

60 

Sedimentary rook.. 

.. Mm. . . 

30 

45 

40 

55 

55 

70 


Max.. 

70 

85 

BO 

95 

95 

no 

Timbered. 

,. Min.. . 

5o 

95 

90 

105 

105 

120 


Max 

lOS 

120 

115 

130 

>30 

'45 

Igneous rock. 

, .Min.. . 

90 

= 05 

100 

115 

IIS 

130 


Max . . 

195 

210 

205 

220 

220 

235 


* For air denaity w (other than 0.075 per cu ft) corrected value k' •• kw -t- 0.075. 
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H«ui radhti of dnet, r « A P (used in aome air-flow forxnulaa), is a term borrowed 
from KsrdranlicB to designate comparative atees of oroaa<eeo. 

BSect on A of iaclndod sbock loaaaa. Inveatigation (40} baa ahown that intermittent ahock 
loaaea, due to ainuoaity and erookedneaa of airways and minor obatructions in them, may be com¬ 
puted SB friction loaaea by adding constants to friction factors. Values of increments depend on 
Value of r. Thus, in Table 2, the factors for clean, atr^ght airways are base values; increments, 
based on r •> 1.5 ft, are 10 for slightly curved, 25 for highly curved, and 15 for moderatdy obatrueted 
airways. 

Xffect iM k ol both veloc and mean radius. Esperimental data on smooth ducts have been 
correlated (60) in terms of a dimensionless constant, the *' Eeynolds Criterion,” or diam X velocity 
X density viscosity, largely restricted to interpreting results of teats on models (Sec 35). Experi¬ 
mental results are often expressed by formulas including a constant k, but with fractional exponents 
for diam, r, or F; facility in application then requires use of special charts. It is better to maintaia 
the general form of the friction-loss equation and relate variations in k to r and F, as done by 
Qoodenough for tests on smooth concrete ducts for the N Y-N J Vehicular Tunnel Commission (48). 

as* 

s*r*Jl 2tA 

wherein for smooth ducts, B ■> 0.003;' and C « 0.02867; v » velocity in ft per sec; other notation 
as before. Value of k, deduced from the above for g » 32.16 and to — 0.075, is: 

334 300 


His fOTmula for frictional resistance for veloc of 1 000-6 000 ft per min is: p «• to [* + Si] 


* X 10“ - 11.337 -f-: 


r*F* 


If multiplied by 3, to allow for variation in roughness, results by this formula agree closely with 
those of the Bur Mines (40) on a 6.2 by 9.2-ft straight butt-heading in a coal mine: value of h X 10>* 
at 300 ft per min by formula and by the Bureau, 37.3; at 000 ft per min, 35.1 by formula. 34.9 by 
the Bureau. Hence, the formula seems of wide utility. 

Friction factore for fan pipes. Tests by Bur Mines (51) on straight sheet metal and eanvse 
tubing, 8-16 in diam, showed aver values of k X 10***, at velooities of 1 000-4 0 (X) ft per min, of 
15 for sheet metal and 20-23 for canvas; for aver mine conditions of " straight ” lines, values of 20 
for metal pipes and 25 for canvas are recommended. I.eakage usually prevents accurate applieation 
of theee factors (Art 11) 

General formula for shock losaas. Benda, changes in area of oroas-aeo, and obetruo- 
tions cause changes in area of air flow; the resulting press losses are independent of rough¬ 
ness of walls, and bear a practically constant ratio to veloc-press of mean veloc of flow. 
General formula is: 

//, - XHv 

where Ht — shock press loss due to chnnge of veloc, in any units; X ■■ empirical factor; 

V 

Hv ™ veloc press at mean veloc, in same units as H,, or water at w 0.075, 

varying directly as w. ■* 

Shock losses expressed as equivalent friction losses, that is, in terms of equivalent 
lengths in ft or diameters, or as inerements to friction factors, are commonly used in 
reporting and applying experimental results, especially on bends. Equating shock loss to 

3 *^40 A. 

friction loss (53); Equivalent length in ft — rw~ 7 »rn IS, ^! equivalent length in diam 


810 


, X; increment fork X 10*® 


k X 10»« P 
3240^-f. 


Example. For k X 10*® - 20, 


* X 10*® 

A -I* P » 1.5, and X -• 1, equiv length is 243 ft or 40.5 diameters; increment for k X 10*' 
(X - 1 per 1 000 ft) is 4.86. 

Characteristics and types of bends. General 
flow conditions at bends or deflections of air current 
are as shown in Fig 21. Experiments indicate (53, 

9) that press loss is due to abrupt one-sided expan¬ 
sion from the contracted area at departure end, 
to fuU area beyond. Characteristics used in spe¬ 
cifying bends are shown in Fig 22, and designations 
of the more common types in Fig 23. 




Fig 21. 




Air Flow at Bend (9) 


Shock-loss factor X for beads (53, 9). Data are fragmentary and apply only to airways of 
uniform area before and after bend. There is no general formula for areas not thtis uniform, nor 
are effects of F, A -t- P, or roughness of lining known. Approx shock factor X for a kouhai, ncMn 

(Pig 23A), with notation as in Pig 22, is X ■■ J • When t “OO*, X—0.25+ r*a^ for rec- 

ftgn V90/ 

tanguiar airway and X ^ 0.25 + r* for round or square airway; max X 1 for square inner corner 
(r •• 0.5); there is no practical advantage in exceeding r 2, for which X 0.06. For a sqUAHs 

‘ ^***** * “* ^ rectangular airway and 


axND (Fig23B), X 
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X >■ 0.00 •I' r for round or square airway; max X 1.20 for square inner oorner (r w 0.5); low 
values of A' practically require changing to a normal bend by rounding outer corner. For other 
bends, calculation of X is Utw precise. For'a cnownxn bisno (Fig 23C), X for a similar normal bend 
is arbitrarily increased: e g< by 40 per cent when outer radius at bend « 0.75 of the normal. Innek 
BEVEL and seomental bends (Fig 23D, E) may be treated as normal bends with radii ciroumBcribing 
the segments; but X for a segmental bend is slightly increased to allow for ’* crowding '* on the outer 
radius. Ventubi bends (Fig 23F) may be treated as normal bends with r 0.8 to 0.9. For^ 
BLADE BEND (Fig 23G), X may be taken as for one of the equal sections only, with a small increase 
for excess rubbing surface. Badial vanes divide bends into sections having different values of 
r and a. Aver factor is determined by weighting factors of separate sections according to area, and 
increasing result slightly for edge effect and excess rubbing surface. Best position for single vane ie 
about 1/3 width from inner corner. Straight exten¬ 
sions ^yond radius in either direction cause 
increased press loss and should not be used. 

Spec'Al .bend conditions. Bends discharging 
directl'/ co atmoc involve 60-80% more loss than 
inter'o' bends, due to greater differences in veloc 
invoi''ed in shook loss. Tests on closely spaced 
BENDS show that close spacing affects press losses, 
probably by its effect on veloc distributions, but 
data ore meagre. 


U? 15? 

Normal Squacc Crowded Inner beml 




Segmental Venturi 


Blade 




Bouble 


r? 


3 


•~7 

Plan 

J 


Elevation 


i) 


Compound 


I 

Be versed 

Fig 23. l'yp<» of Right-angle Bends (9) 


Sinuous and crooked airways. Airways often have bends and curves, wherein sliock losses are 
too small for calculation individually, though a rough approx of total shock loss is desired. Tests 
by Bur Mines in metal mines (40, 0 } gave following range; For a large-radius curve, or sharp bend 
of about 15°, or a wall line close to center line, not oftener than once every 100 ft; or a small-radius 
curve, or sharp bend of about 30°, or a wall line criissinR center line not oftener than once every 
200 ft, X ac 0.2 per 100 ft. For a continuous large-radius curve, or continuous curve of repeated 
email deflections of 10°-15“ every 20- 30 ft, or bends of 20°-30° every 50-100 ft, or a wall line 
crossing center line about every 50 ft, X 0.5 per 100 ft. 

Splits and junctions of air currents cause shock losses due to bends and area changes, for which 
exact data are lacking. Split loss may be approximated as a bend loss based on veloc of diverted 
etream. Junction loss is (very roughly) 1.5 times bend loss based on veloc of entering stream. 



As 

Aa 

As 

A. 


mte<m coefficient of contmctton 
No«'a'lo of contraction (areas) 
•• NeswrnUo of expansion (areas) 


Fig 24. Flow Conditions and Characteristics of Expansion 
and Contraction (9) 


Characteristics and types of 
area changes and general condi¬ 
tions of flow thereat are shown 
in Fig 24. Contrwttion of the 
flow to pass a smaller opening 
causes it to occupy a still smaller 
area immediately beyond the 
opening, the so-called “vena 
contracta.” 

Pressure losses are primarily 
shock losses due to abrupt ex¬ 
pansion fi am a smaller section and 
higher veloc (that of the “vena 
contracta,” where contraction 
precedes expansion) to a larger 
section and lower veloc. T.^Tiesof 
ares changes common to airways 
and ducts are shown in Fig 25. 


Shock-loss formulas for abrupt expansion. Carnot-Borda equation or Borda formula (56) 
shows that loss of head, duo to abrupt expansion of a iaster to a slower stream, is equiva- 
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lent to the veloe press oorresponding to differemoe of aver veloe involved; or less of head 
A in ft of ah: » (si — sj)* + 2g, velodUes being in ft per seo. At w ■■ 0.075 lb per on ft, witL 

velocdtisa Ft and F| in ft per min, loss Ht, in of water » v '' ' ^ ** ^tFi, 

V 4 008 ^ 

Ft - (Ai + AOVu and B, - «> 5,^ •• Similarly, 

^ • XiB^, where Xi and Xt are shook factors, or loss in terms of ratios of veloo press, correspond¬ 
ing to veloo before and after expansion respectively; and are veloe heads, in of watN*. In 
eases of contracted flow, shock loss is due to expansion from the “ vena oontracta,” whose area is 
c times the actual area preceding expansion, where e (Fig 24) is termed the "coeff of contraction.” 
Where c is known, Fi can be determined from c X At and applied directly in the preceding formulas. 

Shock factors for expansion and contraction (53, 9). More generalised formulas, using the 
notation of Fig 24, are the following: 

X (> .V X . X 

Xo- ; X, -- — -; and X« 


Afs* 


iVc* 


(V Open /'//( Flush ~ Formed” '^/l Constrict^ '^^(^“^onTerglM 

A ' B ' C D 


Entrance to airways 



Kormal Diverging Constricted Jiozzle Converging 
E F G H 

Discharge from Airways 




Orlllce Nozzle Converging 
Discharge from large chamber 


X J 





^ 


Abrupt 

cz),auBlon 

Gradual 

e&puiitiiou 

Abrupt 

coutractlon 

Oi-lllcc 

constriction 

Nozzle 
consti Ictlon 

K 

L 

M 

N 



Expansion Gradual 
following contraction 

contractioD 


0 


JT/.1 ^ 

Expansion Standard, venturi 

following P 

conti-actlon ■' 

Q 

Within gtrwosn 



Formed venturi 


S 


Fig 25. Common Types of Area Changes in Airways (0) 


In particular cases, t, Ar« or Nc may be equal to 1 or 0, simplifying the formulas. Beferences cited 
contain tabulated values and charts for graphical determination. * 

Coeff of contraction e depends on: A’e, or ratio of contraction of areas (Fig 24); the edge 
condition at contraction, represented by “eontraction factor” 2\ and conditio ns of symm etry. 

A sufficiently accurate relation for e and Z (or symmetrical conditions is: e •> -- 

as plotted in Fig 26. v * — ZAc’ -b Av 

Value of contraction factor, Z. If contraction occurs symmetrically against wall surfaces 
(normal condition), Z is approx 1.0.5 for a bell-mouth, 1.5 for a round edge like a mine timber, 2.0 
for a smooth edge, as of thin sheet-iron, 2.5 for square edges common to mine forms, 2.8 for very 
sharp thin edges as in orifice plates for air measurement, and 3,8 for free contraction to a sharp edge 
(as at entrance to a pipe). Meager data on obstructions in airways, as mine cars or timliers, where 
contraction oocura along the perimeter of the obstruction, indicate that normal contraction factors 
should be about doubled; that is, 5.0 for square edges, 3.0 for round edges. For urisymmetrical 
contraction in ducts (56), p'-ess losses and values of e are much greater than for same ratio of sym¬ 
metrical contraction. 

Abrupt expansion. For discharge to atmosphere (Fig 25E), X 1. For expansion in airway 
(Fig 25K), c o 1 and Ao ** Aa (Fig 24). Table 3 gives shock loss factor Xa, and change — //«f 
in veloe press, in terms of veloe press before expansion; also the ratio of these quantities. 
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Table 8. Constants for Abrupt Expansion In Airways 


Ng - Aa/Ae 

0.9 

0.8 1 

0.7 

0 6 

0.5 

0.4 

0.3 

0.2 

0.1 

Xa 

0.01 

0.04 

0.09 

0.16 

0.25 

0.36 

0.49 

0.64 

0.81 

tiva - »v. 

1 

0.36 

0.51 

0.64 

0.75 

0.84 

0.91 

0.96 

0.99 

//»_ — Hr. 

RaUo of Xa to-—- 

"va 

0.05 

0,11 

0.16 

0.25 

0.33 

0.43 

0.54 

0.67 

0.82 


Gradoal.expanoion dinunisbes shock loss by a 



constant ratio y, depending on included angle; 

X' ■■ yX, where X' is the shock 
factor for icradual, and X for ab¬ 
rupt expansion. Test values of y 
are oonfiictinK (S3, S, 66 ); appar¬ 
ently, practical minimum is approx 
0.25 for 7°; angles exceeding 30“ 
offer no material advantage over 
abrupt expansion. For gradual 
expansion in airway (Fig 251.), 
v;dues of Xa in Table 3 are multi¬ 
plied by proper value of y. KvahS 
DisniARCE (gradual expansion at 
discharge to atmos, Fig 25F) in¬ 
volves both loss duo to expansion, 
yXa, and loss at discharge, Xg’^ 1 . 
In practice, it is seldom economical 
to make iV less than 0.25; that is, 
Ae -5- Aa more than 4 (.Art 14). 

Abrupt contraction in airways 
is a common condition (Fig 25M). 


Fig 26. 


Relation of Coefficient of Contraction e to Contrac¬ 
tion Factor Z (19) 


1, -Y« 


Here A’e 
and Xa - Xg ^ Nc^ (Table 4). 


(-; - >)'• 


Table 4. Constants for Abrupt Contraction in Airways 



0 9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 



Square edge. • • • | 

Xa 

0.022 

0.091 

0.220 

0 446 

0.839 

1.59 

wgm 

7 92 

33.2 

Xg 

O.OIB 

0.058 

0.108 

0.161 


0.254 


0.317 

0.33 

Round edge. • ■ • | 

Xa 

wfm 


0.030 

0.061 


0.230 

0.471 

wwm 

4.96 

Xg 

lisa 

1 0 007 j 

0 015 

0.022 


0.037 

0.042 


0.05 


Most mine airways represent something between square- and round-edge conditions. Values for 
rough conditioiui are difficult to select. 

Inlets. For pipe and an waj inlets (Fig 2.5A), 0 and Ng •> 1. For the fipb inlet, Z = 3.8 

and Xg «= 0.95. For the aiuw ay inlet, Xg is approx 0.34 for square edge, 0.05 for round or beveled, 
and 0.0006 for a formed or bell-mouth opening tFig 25B). Convergino inlet (Fig 25D) is also a 
low-loss typo, bui ha.s both abrupt and gradual contraction. For a MEsTiucTEn inlet (Fig 2.'>C), 
Ng ■ 0; then c is 0 633, 0.fil7 and 0 976 for square, round and formed edges, in the formula for .V*. 

Orifices. Fes'’.tu<.ted pischabc.e to atmos (Fig 250, Ng = 0) is often used in fan testing 
with square-edged orifice plates, for which Z •=■ approx 2.5. For plow turoiich a small hole 
in thin wall (Fig 251), — 0 and Ng «• 0; then Xg Z 2 R, 1.5 and 1.05 for square, round 

and formed edge respectively. Constriction in airway (Fig 25N) involves abrupt contraction 
followed by abrupt expansion. General formulas apply, but in duct or airway of uniform area, 
Ne “ A'e ^ y. Edge of orifice plates used for air measurement approximates Z = 2.8. 


Kegulator is a restrictive device to cause shock loss. Solution, by trial and error of 

X -T- A'*, r/ use of chart (55), is required for N greater than 0.2; N ■> ratio 

of regulator- to airway-area; X is desired press lo.ss dixdded by veioc press in airway; e is 
selected from Fig 26 for Z ** 2..'; anti corresponding value of N. In practice, N is usually 
leas than 0.2, and value of r practically constant; hence approx size can be found by 


1 6 

N >■ - (approx for N > 0.2). Solutions by "equivalent orifice" formula, A 

V. A -4* I 

3.0(X)4 C -F are 10% too high for A » 0.1, to 30% too high for N — 0.3. 
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Bsaaipi«. For Q 10 000 o f m, requirMi area of regulator in a SOeq ft entry to eauee preae 

loee Rg of 0.26 in of water: V •* ■■ 200 ft per min; veloe preee { —99 . \ m 0.0026 in; 

60 \4 000' 

0 25 1 5 

^ "" 0^Ge6 "* “ 10: AT«» -jY «• 0.146: regulator area •• 60 X 0.145 or approx 7.3 aq ft. 

Regulator would be made at leaat 2 by 4 ft and have a elide. Same aolutioa can be uaed for aiae of 
opening in a door-regulator, but reaulta are leaa reliable. 

Gradual contraction in an airway (Fig 26P) ia followed by abrupt ezpanaion from the “ vena 
eontracta ” to the area following contraction; « 1. Valuea of Z and c are influenced by the 
included angle and edge condition. Univ of Ill found valuea equivalent to ^ 1.51 for 00° and 

1.34 for 30° amooth edgea, approximating 2 2 in abrupt contraction (6C). Shock loaaea for 

included anglee leaa than 30* are practically negligible. Ohaouxl contbactxon FOUiOwnD bt 
ABBUPT BXPAN 310 M (Fig 25Q) prcBcnta the same flow conditions, except that JV* ia lees than 1. 
CoMvxBOiNO DiscHABQX FBOM AN AIBWAT has the speinal condition that 1V« * 0, Convuroiko 
iKUBT (Fig 25D) and cowvkboiho duchabob fboii a labqb cbaubxb (Fig 25J) involve both 
abrupt and gradual contraction and require special test values to find press loss. 

Contraction followed by gradual expansion, the contraction being either abrupt or gradual: 
midtipiy factors for abrupt expansion by y (see gradual expansion). VsiNTtmi obificb, ob noxsiiB 
(Fig 26R) is a common form trf gradual contraction followed by gradual expansion, dreigned to give 
large preu change with small press loee. The general formulas, with appropriate values of y and Z, 
are required for solution. With a formed entrance, as in the " standard ” orifice, Z may be 1.06, 
and c determined from Fig 26. 

Obstructions in airways cause shock losses due to contraction of flow along the 
perimeter, followed by abrupt expansion. Bur Mines testa (9) show Z ■« approx 5 for 
square edgea of timbers and cars, so that Z factors for wall contraction should be doubled 
for aver conditions of contraction against perimeter of an obstruction. Mimb cabs cause 
shock losses at front and rear and increased friction loss. Abrupt contraction at front 
end, and expansion at rear, may be computed from foregoing data, using Z * 5. Friction 
loss in constricted area is approx (2 — A’) -i- A’® times normal loss. For area ratio of 
A" » 0.2, resistance of car - approx 1(X) ft of coal-mine entry or 40 ft of rough rock drift; 
for A “ 0.4, these values are 400 and 160 ft (9). Closelt bpaceu cars do not allow 
length required for full expansion downstream and shock loss ia less than the above. A 
trip of cars is therefore treated as a single obstmeuon. 


Intermittent obstructions, causing minor losses, too small or irregular for separate calculation, 
may be estimated per unit of length. Tests by Hur Mines (40) gave following range: for troJIey box, 
water box, large flanged pipe, uecasional falls of roof, hangers and props, X =■ 0.1 per 1(X) ft; for 
combinations of the above, largo roof falls, piles of timber or pipe, closely set crossbars, props or 
constrictions, X >■ 1.0 per 100 ft. 


11. MINE RESISTANCE 

Mine pressure. Total press to circulate air through a system of mine openings is 
press required to overcome all friction and shock losses along any continuous path from 
inlet to outlet, regardless of changes in the distribution of total quantity in different parts 
of that path. Press for circulating a definite quantity depends on whether natural or 
controlled splitting is used. 

Controlled splitting. General procedure in coal mines is to regulate, or add resistance 
artificially to, all paths from inlet to outlet except one, this being termed the “ open 
split" throughout the section occupied by divided flqw. In calculating mine pr(«a, 
quantities are assigned to the various branch splits and press requirements are ealenlyt”! 
for each. The path of highest resistance is then determined and the summation of its 
press losses, from inlet to outlet, is the press required for the total quantity. Regulators 
placed in all splits and branch splits, other than the open split, bring their press require¬ 
ments for assigned quantities up to that for the corresponding part of the open split. 

Mine characteristics. If press required to circulate one quantity Q is known, press 
’■equired to circulate any other quantity Q' is easily calculated, since press varies as 
\Q' -f- Q)^, whether for a single airway, or system of airways. Corresponding values of 
press and quantity may be plotted to show the press-quantity relation, or characteristic, 
of the airway or mine (Art 12, 16). 

Pressure-quantity relation (1) may be expressed as A = rQ*. or as Q cVa, where 
K is press, and r and e constants; because both friction and shock losses vary directly os 
the square of veloe, or quantity, for constant airway conditions. For unit quantity, 
A r, so r is a constant designating specific resistance to flow. For unit press, Q — c, 
BO c is a constant designating specific capac for flow. Many expressions equiv^ent to 
these, as “ equivalent orifloe," “ press potential." and “Atkinson," are in use. 
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BQuiT«l«nt orifice. Since flow through an orifice follows the same lew as flow through 
a mine, the remstance tiurough a mine or a fan may be represented by the sise of orifice in 
a thin plate, that would pass same amount of air with same press 1^ (for a fan, “orifice 
of passage”) (10). The usual formula is a ^ 0.0004Q + V^, where a is area of orifice 
in sq ft. Its derivation (65) assumes constant density, a coeff of contraction of 0.626 
(or 0.66 if coeff of Q is 0.000,385), and that all veloc press in the contracted stream from 
the orifice is lost. These conditions bold only for a small hole discharging air to atmos 
from a large chamber, for which the formula gives a close approximation. Although 
this conductance constant has been widely used, its restricted theoretical application has 
caused some confusion, especially in calculating size of regulator openings (Art 10). 
In form, it is equivalent to 0 = cV^, where c = a + 0.0004. 


Pressnre. potential. The standard friction formula (Art 10) may be transposed to; 

Q «• '\/pt in which . termed “ pressure potential ’’ by Beard (2), has often been 

used in solving theoretical problems of natural splitting or parallel flow. With p constant, Q varies 
directly as the press potential, whence, for spHts lieginiiing and ending together, total quantity is 
divided between splits in proportion to their respective press potentials. The formula is equivalent 

to 0 »• c \/H, where e ^ A 


-ygxVS. 


But, as it does not provide for shock losses and is not 


suitable for summations of pressure loeaes in series, involving variations in A, k or S, it serves only 
for rough solutions. 

“AJkinBon.’’ A committee of the Inst Min Engrs, London, recommended use of the form 


P “ 



2 

, which is the standard resistance form with press in lb per sq ft and quantity 


expressed in the " cusec,” or 1 000 ru ft i>er sec, equivalent to 00 000 cu ft per min (3). Ilenre, 
an “ Atkinson ” (commonly used in England) is the presto in lb per sq ft required to pass 60 000 cu ft 

_ 2 800 , . . 
per min Ra. *° —-x- , where a is oquiv orifice in sq ft. 
a* 




Resistgnee factor. Most convenient form, much used in U S and Gt Britain, is 

Q 

100 ^00/ ’ quantity unit is 100 000 cu ft per rnin, ft has been 

termed (9) " resistance factor,” specified as the press required to pass 100 000 cu ft per 
min. This large quantity unit gives values close to unity for mine circuits and facilitates 
computations of ft involving friction factor k. For problems of small flows in ducts, 
values of ft are large, and a smaller quantity unit is better. 

Determination of R for nn airway or a mine may be made directly from measurements of press 
and quantity. As R is affected by air density, values thus deii\ ed arc coriceted to standard density 
by multiplying by (0 075 wj. R may be calculated for friction losses, by inspection of friction 


formula: R •• 


*■ X low r/, 


; for shock losses, //« X //«, where //» » 


623 , 

jjjjjF*foru. 


= 0.075 lb per 

623 X w 
Ai 0.075* 


5.2 

I „ i/s lOW/f, 10»>X Ilv „ 623 r*- ui 

cu ft (Art .); whence ^ ^ y \ 2 Qi “ “ Qt lO*# jl*r* 0.075 

For known equiv orifice, R = : for known Atkinsons, R = 0,535 Ra- 

Series flow. Resistance constant r (any unit), for an airway, is the sum of r-factors for the 
frir,tion and shock-lass conditions involved; r for a system of airways is the sum of the separate 
r-factors of successive parte through which the same total quantity flows (r = ri ri -t- rs -+• . . .). 

Parallel, or aplit flow. Where flow occurs in 2 or more splits in parallel, beginning and ending 
together, press diff H is the same on all paths, and total quantity is the sum of the separate 
quantities, or Q •= Qi 4- Qs + • • . . Then by the general equation for resistance, U or 

+ + a„d -h .iso ^- 

V'- 

rill’ V is, the separata quantity through each split bears the same ratio to 


, <32 _ Vr 
,a.id-- 


yr 

v'rj V yra 

total quantity as its 1 -j- v r value bears to he same value for the group in parallel. 

Conductance Factor. In the foregoing expression, 1 -r -x/r* is a conductance constant, and, in 

solving problems in free splitting, is conveniently given a separate designation. Since ^ 

and c " ® ^ f" conductance factor ”) when H is in of water and Q is 

100 000 cu ft per min (0). C ia quantity of flow resulting from a press difference of one in of water; 
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and meutiTM enpao tor flow of an airway, or ayntom of airwaya. It oan be determined directly 
from quantitj and pieaa meaauremento, or calculated aeparately for friction and abook loaBea; but, 
aa it docB not provide for combining preaa loeaea, it ie useful only for the apecifio ease of split flow. 
Hence, it is simpler to derive C values from A valoee (C - 1 VA) and use them for deriving A 
valuee to represent split flow, or resiatance to flow where the total ia divided between 2 or more paths. 


Abandoned 
workings 
cuved or 
sealed 


Laws of parallel or split flow: (1) the conductance constant for a group of with 
ends in common is the sum of the conductance constants of its parts; (2) total quantity 
is divided between the parts in proportion to their conductance constants. 

Natural splittiiig. In metal mines, air currents are usually 
allowed to divide naturally, without use of regulators. Calcu- ' 
lations of mine press are then less precise, as working zones 
are usually a network of airways. Approximations can usually 
be made by ignoring networks and treating main aim'ays as a 
series of branching splits. A diagram of the usual metal | 
mine, or section of a coal mine, resembles a ladder, somewhat I 
as shown in Fig 27, in which series-fiow in main airways often 
accounts for 8(1-00% of total resiHtance. In attenipting a 
summation for split flow, begin at ^he bottom, or innorinost, 
split. Calculations are made in terms of corresponding resist¬ 
ance and conductance constants, adding resistances for flow 
in series and conductances for flow in parallel, and converting 
from one to other as required, until a sin^e resistance value 
for split flow is obtained; to which are added rosisfanues of 
airways carrying the total flow, to obtain the mine resistance in 
terms of r in h = rQ‘‘‘. Actual mine press is then obtained for 
any particular quantity of flow'. Proportionate distribution 
remains constant with change in quantity, except as affected 
by natural draft (Art 12). In computing the resultant resist¬ 
ance for split flow, networks arc avoided by ignoring cross 
connections and approximating resistances for a group of N 
similar airways as equal to I -s-A® times that for a single airway. 

Charts for finding resistance values and converting them to 
corresponding conductance values facilitate this analysis (9). 


Fig 27. Diaeram of Main 
Airways of a Typical Metal 
Mine (9) 


Networks. Culculatiun of divinion of flow in a n< rwork of openings is possible, though tedious. 
The square relation for quantity practically prevents (12) solutions by KirchoS’s laws, as applied 
to olectncal networks, but solutions may be made by trial and error (.58). 

All__ A.. .1:-.—_...... U.A__..j_I 


computation, w nero leaiiage ana percolation exist, values oi « or r may oe assumea at anout ou'/o 
of normal values for airtight airways. 

Allowances for density changes. Computations are easier if based on standard density for 
which moosiired values may be corrected; with final result corrected to aver prevailing density. 
Minor variations from standard density are usually ignored, as in mines near sea level. For deep 
mines or at high altitudes, aver density is generally used, without regard to seasonal variation. 
Change in quantity Q, due to greater density in depth, is usually ignored, although excessive allow¬ 
ances are often made for change due to aver ■ ■ ~ - 


flow at surface, resistance at depth varies inversely os density, luther than dirertly. 
increase with depth at constant temp is betw'ccn 3 and 4% per 1 000 ft for aver temp and press. If 
H is press required at 0.075 density, /// fan press, vy density at surface fan, and Wm mean density 
of flow, * 


and not 


0.075 Wm 

The second form is often used, but gives results too high by 2 -3% per 1 000 ft of depth for deep mines. 




0.075 


Power-quantity relatioo. Aa rO* may be aubstituted for II in the formula for horse¬ 
power (Art 9), hp =* 3 ^^ * constant mine resistance and 

constant ripnaity, hp required to circulate air varies aa Q* (Art 14). Since H R 
(Q -T- 10*)*, above formula in terms of reaistanoe factor Ji ia: hp — 15.75 R(Q 10*)*. 

Economics of air flow. Minimum total cost for air flow depends largely on design of 
main airways for proper balance between power costs and capital construction charges. 
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Si&ee power varies asi^* for constant resistance, stnall increases in Q reipiire large increases 
in power, and lart^ increases in Q are obtained practically only by reducing resistance to 
flow through physical changes in the airwaya Data on friction and shock losses (Art 10) 
indicate procedure. Changxs in abxa A are important, since resistance and power, 
for constant quantity, mry as for friction losses, and as A* for riiook losses. In coal 
mines, construction of new return airways to permit use of old ones as additional intakes, 
is a common expedient for increasing area. The large range in possible power costs as 
affected by quantity and area is indicated in Table 5. Cbahactxb of wall bvrfacb may 

Table B. Comparative Power Costs Due to Friction Pressure Losses for 1000-ft Lengths 

of Straight Timber-lined Airways 


Size of 
airway, 
ft 

Area of 
airway, 
sq ft 

Reeiet 

factor 

R, for 
*X 1010 
.100 

Air h p for 

Annual power eoet at 60% over¬ 
all elfio and at 1 ^ per kw-hr, for 

25 000 

0 f m 

50 000 
c f m 

100 000 

0 f m 

25 000 
c f m 

50 000 
c f m 

100 000 
c f m 

4 by 6 

24 

Bil 


54.8 

438 

$746 

$5 965 

$47 716 

5 by 7 

35 


ms 

21.2 

170 

289 

2 308 

18 472 

6 by 8 

48 

4.87 

1.20 

9.6 

77 

131 

1 044 

8 353 

7 by 9 

63 

2.46 

0.61 

4.8 

39 

66 

526 

4219 

8 by 10 

80 

1.35 

0 33 

2 7 

21 

36 

290 

2 316 


affect power requirements in the ratio of 10 : 1, as indicated by variation in friction factors. 
Reducing k X 10*’’ from 100 to 20, by smooth-lining timbered airshafts, more than doubles 
resultant flow for same power consumption (20). Rxduction of shock losses is a fertile 
field for reducing power loss. A special case is the top of a fan shaft, where press loss at 
a right-angle turn is often 0.2-0.3 in of water. Long life justifies a long-radius curve or 
“ blade " bend (Art 10). Short life justifies a short 45“ connection, which decreases power 
loss usually about and puts fan out of direct line, as it should be at a coal mine, and as 
required for emergency hoisting at a metal mine. A “blade" turn in a square bend at 
such locations is found at a few coal mines, and normally decreases power loss of a plain 
square bend by 75-80%. Shape of airway slightly affects power requirements, in a 
range of 2-1 for norm^ conditions. Minimum is fur circular shape, W'ith octagon and 
square as close competitors (Art 10). 

Allowable costs for reducing resistance. Costly changes in airway conditions must 
be justified by economic advantage, which may be computed with fair accuracy. Com¬ 
paratively short life involved in mine installations usually justifies crude rather than 
elaborate types of design. For rough estimates, it is convenient to remember that 
100 000 cu ft per min at 1-in press costs $1 0(K) per year, at overall eific of 51.5% with 
power charge of 0.5|£ per kw-hr; corrections for specific cases are then a matter of direct 
proportion. For shock losses, veloc press is approx 1 in at 4 000, l /< in at 2 000, and 
l/ie in at 1 000 ft per min. 

Economic size of airway may be determined by computing capital charges and power 
costs for a small number of specific sizes and finding the minimum. Careful investigation 
is justified where largo quantities are involved. Weeks (12) cites a case where handling 
100 000 cu ft per min through 1 000 ft of 8-ft rliam circular shaft for 12 years would repre¬ 
sent an increased cost of $57 000 over a 10-ft diam shaft. Mathematical investigation 
of friction losses in airways (59) shows that A = where A is area for max economy; 

Y is resultant of many separate factors, in\'olved in capital charges and i)ower costs. Area 
for economy is thus mainly a question of Q. Results of one set of computations as above 
can be solved for F^; areas for other quantities may then be determined by the above 
equation. 

Economic velocities. Above equation, confirmed by computation (59), indicates 
that the range of economic velocities (V — Q -i- A) is limited. For aver conditions, safe 
approximations are: 000-1 000 ft per min in unlined airways, 1 000-1 500 in tanber- 
lined, and 2 000-2 500 In smooth-lined airways. 

12. NATURAL VENTILATION 

natural draft. Press differences, required to cause air flow, may be produced by 
natural or mechanical foices. Flow caused by unequal densities, or weights of air col¬ 
umns in or near the openings (due mainly to temp differences) is “ natural-draft" flow, 
and resulting pressure-differences are " natural-draft ” pressures. The relatively feebia 
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ourrentB {orming complete flow cireuita in undivided ein^e openings, also due to unequal 
densities, are separate tenned "convection currents.*' Many metal mines, and some 
small coal mines, are ventilated by natural draft alone, which also acts in conjunction with 
fan pressure in mechanically-ventilated mines; where its importance largely depends on 
depth of workings and mine resistance (Art 14). 

natural-draft pressures, or density press, are differences in total wt of air columns of 
umt croas-sec and same difference of elev or vert height. They are compiited by aiwn ming 
the air to move in closed circuit from intake ojwning, through the mine to the outlet, and 
thence over the surface at insensible \'eloc back to the intake. This circuit is divided by its 
highest and lowest points into 2 columns; and difference in wt of the8e#columna tends to 
create flow from the heavier to the lighter. Where currents in inclined workings split, 
each split is a similar complete dreuit, which includes the main airways, or 2 connections 
to surface. Each separate circuit, although it may overlap others, develops its own 
natural-draft press, which is dissipated by resulting flow in the circuit. Pressures on 
split-flow cinniits in rrtulti-lcvel mines may be opposed in direction; in summer, flow on 
upper circuit, may be from upcast to downcast, due to temp changes in downcast. 
Usually one column is partly or entirely outside the mine; for tuimcls, both are outside. 
Surface components are seldom im,,ortant, because they usually involve only small dif- 
forencoB in elev as compared with underground components. 

Seasonal and daily changes. Weights of downcast columns and surface components 
depend largely on surface-air temp. Major effect is usually confined to relatively shallow 
depth of downcast, depending on veloc of flow. With high veloo, variation in temp at 
3 000 ft may be as much as one-tenth the surface variation. Due to seasonal variations 
in surface-air temp, seasonal reversal of flow, or of press operating in series with fan press, 
occurs in mines having large surface components, or in relatively shallow mines, or upper 
parts of deeii mines. In the latter, directions of main flows remain rxinstant; seasonal 
effect* are reflected in variations of press and quantity of flow. Where reversal of flow 
occurs, circulation may be sluggish or lacking for hours, days, or weeks; the time depends 
largely on elevations of surface openings. In 2 such periods, late spring and late fall, the 
flow may reverse daily, due to difference between day and night temp. 

Currents started artificially in deep mines, when mine atmos hi in equililirium, may determine 
permanent direction of flow, due to temp changes caused by the flow. In deep naturally-ventilated 
mines, operating shafts are usually upcast because a slight excess production of heat in them starts 
feeble upcs'it flow, wiiich in turn increases temp diflorencee and increases flow. Many, once reveraed 
for a time (as by a fan), would remain so permanently. 

Quantity of flow. Except in deep mines, or those having many large openings, natural flows 
are small because temp differences are small, or act only on short columns; the flow usually ranges 
from say 5 000 to 20 000 c f ni. In deep mines, depending on depth and size and munber of open¬ 
ings, floas from 60 000 to 150 000 c f m are found. Aver temp of mine air is higher than that of 
surface air, due to increase of rock temp with depth (Sec 23). In a naturally-ventilated mine, oiroula- 
tiun is normally better in winter than summer; in a meehauically ventilated mine, natural press 
acting with fan press is normally greater in winter than in summer, causing similar, but smaller, 
variations lu flow. 

Intensity of natural pressures in shallow mines usually ranges from a few hundredths 
to a few tentlis inches of water; in deep mechanically-ventilated mines, max is about 1 in 
for winter and t/s in for summer, per 1 000 ft of column depth underground (9). Max is 
larger for surface columns: at the 6-mile Moffat Tunnel in Colo, under a 3 0()0-ft peak, 
measurements over a year showed max of over 5 in of water in winter and 2 in in summer, 
with more rapid variation than would occur at mines. 

Measurement of natural pressure. If a stopping, or door, can bo so placed as to stop 
the flow on a total-flow circuit temporarily, the press-diU'erence on the stopping approxi¬ 
mates the natural press causing the flow (12), as underground temp changes very slowly. 
If impracticable to stop the flow, a similar procedure may be applied to various splits in a 
multi-level mine, but analysis of resulting press and flow measurements is involved (60). 

Calculation methods. Wt per cu ft of moist air (Art 9) depends on temp, abs press, 
vapor content, and impurities present, all varying too much to justify precise calculation, 
which involves logarithmic means for temp (4) and abs press (12). Accuracy within 
2-3% is possible by using weighted averages for separate sections of a column of variable 
temp, to obtain its aver density. Difference in aver densities of the 2 columns gives 
their aver difference in wt, lb per sq ft; this multiplied by ft of air column gives total 
press in lb per sq ft, which is divided by 5.2 to obtain press in in of water. The small 
variations in aver barom press and vapor content are usually neglected except in deep 
mines. Results within 5-10% are obtainable by the following approximation: Hn » 

~ — “ j »■ 0.255 BL ( — — I , where Hn is natural-draft press, in of 

5.2 \Ti 2*/ \ri 2*/ 
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water; B is aver abs press, in of mercury, obtained approx by direct measurement near 
center of columns, or from measurement at any elev, corrected for diffwehce in elev from 
center at the rate of 1-in (drango per 1 000 ft (more closely if rate of change is known); 
L is vert height of air columns, ft; and Ti and Tt are aver abs temps of the columns, 
deg F, weighted with lengths of separate sections if column temp varies. Natural press 
may be estimated as 0.03 in of water per 10° F difference per 100 ft difference in elev, at 
standard air density of 0.075 lb per cu ft. 

Application of natural-pressure measurements snd cslcnlations. Data on natural 
drafts and separate components are required to calculate approx changes in quantities 
and distribution,4hat would result from changes in either a natural or a mechanical venti¬ 
lating system. Calculated resistances may be checked against resistances determined by 
calculated natural drafts and measured flows (60), when installing a fan at a naturally- 


ventilated mine. Intensities of 
natural press are necessary to 
calculate power requirements for 
changes of fan speed for mechan¬ 
ical ventilation, and for distribu¬ 
tion calculations. 





Fig 28. Pressure-quantity Cliaraoter- Fig 29. Natural-draft Columns for Simple Flow 
isUca lor Natural-draft Flow (9) Circuits (9) 


Characteristic of natural-draft flow is taken as a straight line, that is, press (at any 
one time) remains constant with change in quantity, if such change is produced otherwise 
than by change in natural press. If the natural-draft characteristic (straight line) and 
mine characteristic (paralxjla) arc plotted to the same scale (Fig 28), the crossing point, o, 
indicates quantity that will flow. 


Natural-draft distribution. Bolutions arc relatively simple for flat w’orkings with 
2 openings to surface, sm only one press is involved, which may be considered as a single 
fan press. With more than 2 openings, separate pressures apidy between each individual 
pair, and the resulting distribution is as though a fan were operating between each pair of 
openings. For inclined workings, distribution is as though a fan were on each cross- 


connection. For all except the first 
condition (fortunatel.i' usual in 
most U 8 coal mines) distribution 
calculations as betw'een shafts and 
levels require either trial-and-error 
methods or solution of simultane¬ 
ous equations (61). 



Fig 30. Simple Metal-' uric Type of 
SpUtrflow Cir.Mi'.ts 


Fig 31. iSimple Coftl-niine Type of Split-fli-w 
Circuits 


Simple flow circuits. Naoural-draft generation in flat-seam workings may be repre¬ 
sented by the simple flow < ircuits of Fig 29, with 2 columns of equal height. The single 
horis tionnection represcr.ts the multiple openings of actual workings. In case A, winds 
are usually given credit for flow actually caused by the natural press difference of the 
2 coluiimB shown by dotted lines. 
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S^t-flow drcoit of simplest tjrpe is represented by an interior shaft to surface 
from a turjiel,' equivalent to a fan acting at each portal; here, 1 shaft is bettor than 
2 or more, as flow between interior diafts is practically nil, due to small temp differences. 
A simple type often found in metal mines is shown in Fig 30, and its counterpart in coal 
xnines in Fig 31. In the usual metal mine there would be no bypass, or separation of 
currents, at junction of adit and inclined shaft, hence some recirculation would occur on 
the inside loop. In the coal mine there would be 2 splits, separated by a stopping at D. 


Example. In Fis 31 let'^ff be a slope, and CDB a level, with conneoting air courses. Croeaeeo 
of all passages is A by 8 ft, and coeft of friction is 0.8 -f- 10*. Average barom press between A and B 
is 30 in. Temp of outside air, 32° F, and its humidity 50%. Aver temp and humidity of the dope 
from A to B, 56® F and 95%. Under these conditions the mine air will be lighter than outside air, 
and a current will flow in at C and out at A. Part of the air will pass into the level by first circuit, 
CEDAC, and part by the second circuit CDB AC. As CE and DE are level, the density of tbs air 
in them is of no effect. Influence of incoming air makes the aver temp and humidity of slope DB, 
50® F and 90%. Neglecting impuritiea, weights of air under these conditions are (.\rt 9): 

At temp 32® F, humidity 50%, barom 30 in, 0.081 lb per ou ft 

•• “ 50®“ “ 90% “ 30“ 0.078 . 

" “ 65*“ “ 95% “ 30“ 0.077 .. 


Then for the press of the air columns of the first circuit: 

500 ft of outside air @ 0.081 lb per cu ft =* 40.5 lb per sq ft 

500 ““inside “ @0.077 “ “ ““» .38.5 .. 

Difference ’* motive press p' = 2,0 “ " “ “ 

Similarly, for the second circuit: 

500 ft of outside sir @ O.OSl Ib per cu ft » 40.5 lb per sq ft 

800 “ '■ inside “ @ 0.078 “ “ “ “ - 62.4 . 


Total weight of column ■■ 102.0 
1 300 ft of inside air @ 0.077 lb per cu ft 100.1 
Difference “ motive press p" “ 2.8 


If Q be total cu ft of air circulating per min, and g' end g" be the parts in first and second splits, 
respectively, the velocities are: Q ^ 48, g' -h 48, and g" -t- 48. Tne surface rubbed by totfd 
current in CD A equals 58 000 sq ft; by air in first split DBD, 112 000 sq ft, and by air in second 
split, DBD, 80 600 sq ft. If both splits are open (without regulators. Art 5), the simultaneous 
equations to determine Q, g', and g" are (neglecting velocity head): 


a 


it X 56 000 
48 

knVt ^ kX Se 000 
o 48 


x(S)'- 


* , * X 112 000 ^ 

T ——————— X 


48 

it X 89 600 
48 


( 21 )* 

'.48/ 

X (^y 

V48/ 


2.0 


2.8 


Putting A; =< 0.8 -i- 10*, these equations reduce to: 

5.6 Q* + 11.2 g'* = 2.76 X 10* 

6.6 Q» + 8.90 g"» ■= 3.86 X 10* 

0 - g' + g" 


whence, Q ^ 20 100, g' — 6 700, and g" — 13 400 cu ft per min. 
The friction press in different parts of mine are; 


From C to D (or D to A), - 

a 

“ D to B (or £ to D), “ 

•• D to jB (or B to D), “ 


08 28 000 X 17.6 X 10* 

10« ^ 48 

0.8 56 000 X 1.05 X 10* 

108 ^ 48 

0.8 44 800 X 7.8 X 10* 

10* ^ 48 


0.82 Ib per sq ft 
0.18.* ” 


0.58 


The head produced by the different densities between A and level CE » 2.0 lb per sq ft. Of 
this, the air moving in CD and DA absorbs 1.64 lb, leaving 0.36 lb per sq ft, equivalent to water gage 
of 0.069 in, read on an instrument placed in the stopping in the«crossout at D. Also, this pressure 
measures the friction in level DE (2 X 0.18 0.36 lb per sq ft). The spbt in the slope is assisted by 

a difference of density in the two legs, amounting to 0.8 lb per sq ft. As the ventilating press at 
D “ 0.36 lb, the total press in DBD is 0.36 + 0.8 •• 1.16 lb per sq ft, which equals ths friction bead, 
2 X 0.58. 


Workings to dip or rise. The essential features of natural ventilation of openings 
above or below a through current are shown in Fig 32. These may be termed “ shunt ” 
circuits, as one branch leaves, and returns to, a main airway, through which the flow is 
dependent on outside sources. Natural press generated by columns a and b causes flow 
far different from that due to natural splitting, without such local natural draft. Temp 
increases, and addition of lower-density gas, such as CH^, cause natural draft that opposes 
flow in a shunt above an airway, and acts with it in one below an airway. Cooling air 
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currents and presence of heavy gases cause the reverse. In developing hot or vny gaseous 
mines, it is often cheaper or safer to drive development openings to the dip rather than the 
rise, although the latter may otiierwise be cheaper and more convenient. Gas-air mix¬ 
tures in pitch workings are difficult to move down the pitch, as relatively short columnw 
of air and methane-air mixtures generate large natural-draft press. 

Multi-level split-flow circuits of common type are shown in Fig 33, where a and b 
are vert projections of either slopes or shafts, adjoining or separated. Here there are 
4 overlapping circuits, aeb, adb, aeb, and c/&, in each of which the total press lossm must 


Fig 32. Shunt Type of Split-flow Circuits Fig 33. Multi-level Type of Split-flow Cirewts 

equal the difference in wt of the air columns ci and c*, di and ds, ci and e-j, fi and / 2 , respec¬ 
tively. "With resistances and pre.ssuroB known, quantities are determined by solving 
simultaneous equations, of which 4 are obtained by equating the natural press for each 
circuit to the sum of its separate resistances, the first being: He =• -f refie *- 

Also, total quantity equals the sum of the separate quantities, giving 5 equations. Resist¬ 
ance and conductance factors (Art 11) facilitate calculations, which are very 

Recirculation due to 2 general conditions may be visualized by referring to Fig 33: (1) high-temp 
air entering the downcast shaft a, but cooling quickly in length c, may cause flow in the c level 
opposite to flow in levels below; (2) natural press difference is normnlly greater in each successive 
level below; hence, where cross-flow resistances are less than those of the upcast, air is often forced 
from upcast to downcast rather than to surface. Consequently, large quantities may circulate 
underground, where only small quantities pass to and from surface (9). 

Control of natural ventilation (Art 2). Natural-draft preraures give rise to many 
variations of flow conditions in both naturally- and mechanically-ventilated mines. In 

both, however, natural drafts can 
bo partly controlled and used to 
max advantage permitted by exist¬ 
ing conditions. The beneficial 
effect of a few doors in a typical 
small metal mine is shown in Fig 
34. Seasonal reversal of natural 
flows is undesirable, both for ven¬ 
tilation, operation, and safety. 
Reversals are reduced by eliminat¬ 
ing large differences in surface alev 
between inlets and outlets; by 

Fig 34. Controlled Natural-draft Distribution (9) coursing intake downcast air at 

low veloc close to the surface, so 
that surface-air temp variations affect only a relatively small part of downcast air 
columns; and by coursing return air at high veloc, to conserve relatively high temp in 
upcasts. For application of these methods to a medium-sized metal mine in mountainous 
country, see Fig 35. 

Artillcisl side to natural draft (62. 6). Before the common use of fans, natural draft wps sup¬ 
plemented by furnaces, stacks, air- water- and steam-jets, and falling water. Furnaces are par¬ 
ticularly dangerous. All these d>''vices are ineffisient and have been displaced by fans, except for 
remote prospect openings and iiccosionol emergency use in controlling natural draft currento (see 
2nd ed of this book, Sec 14, Art 11, 19). 

Effect of wind. Wind may exert press on mine openings by impact, or increase prcesiu'e loesto 
of a mine system by deflecting discharge currents. On a high-press system, the effects ore usually 
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variable and Bmall; beooxninK important onljr on low-resiatanoe lyatema, unlcM winda are very 
atrong. ' Not more than 80% of aind-veloc presa (measured some distance away) is actually 
exerted on a building of cubical shape, and the same relation is assumed for effecte on mine openings. 
Deflectors, or wind cuwla, on mine openings wo'.ild be a doubtful economy and hardly practicable. 


Convection currents are 
natural draft currants cir^ 
culating in a single undi¬ 
vided opening. Unequal 
densities, as between col¬ 
umns in such openings and 
those in adjacent atmos¬ 
pheres, generate pressures 
that are urad up by flow to 
keep abs press everywhere 
in equilibrium. Such cur¬ 
rents, sometimes traveling 
at insensible veiuc and hard 
to detect even by smoke 
clouds, sometimes strong 
enough to be easily per¬ 
ceptible, are the major fac¬ 
tors in natural ventilation 
of ‘ dead-end’’ openings. 

In horia openings, the 
colder air travels along the 
floor, the warmer along the 
roof, with a “neutral” .one 
between the flows, which ex¬ 
pands vertically in the direo- 



Fig 35 


Natural-draft l.'listribution Controlled to Prevent 
Seasonal lieveraaj (U) 


tinn of flow until temperatures are Anally equalized by action of the w^all rock, and flow terminates. 
In one case, such currents maintained an a-r temi> of 00“ F saturated nt the face of a 6 by 7-ft 
crosscut in rock at ll.'i®, and 120 ft from an airway carrying fi6“ saturated air; iu another, a 43“ P 
diflerentiol caused currents that could be traced about 1 000 ft (Of 


13. MECHANICAL VENTILATION 

Definition. Mechanical ventilation produces underground air currents by press 
difTereiices generated by fans, the pressures anting in conjunction with each otlier and 
with natural-draft picas. Most coal mines and many metal mines are thus ventilated. 

Development of fans. Early types consisted of a rotating drum, with vanes mounted 
on the open rim and with a eeiitroJ opening in one side, opposite the mine opening, whence 
air was drawn into the fan and discharged into the atmosphere. A\ith the addition first 
of a side casing, arid later of complete casing with expanding discharge opening, the 
present csentrifugal fan was developed, in which the air is discharged nt right angles to 
direction of entry. Axial-flow fans, in which air is driven axially by the oblique stroke 
of vanes or blades set at an angle to plane of rotation, have been limited to light duty 
until quite recently, when propeller designs, suited to all mine service, iiocanio available. 
Positive-displacement machines (Art 14) arc uBe<l only for ventilating long tunnels. 
Injectors (Art 14) have a very limited use in fan-pijio auxiliary ventilation. 

# 

Deaigaations. Fans arc termed “main" fans when they handle the total flow of the mine or 
of a major circuit; “booster” fans when installed to aid distribution in one section of the workings, 
“auHliary” fans when used with pipe or tubing to ventilate single openings. Position of the fan 
with reference to .the airway circuit determines the common designations- “pressure” or “blower 
fan" for intake position; “exhaust" or “suction fan" for discharge position; and “booster fan" for 
intermediate positions. Position of fan determines press diflrereuce between the atmosphere and 
a particular point in the air circuit, but does not affect the press difference generated by the fan, 
or, for the same direction of flow, the [iress loasea due to flow (71) (Art 14). 

Centrifugal fan is a low-press large-quantity machine, producing a difference in total 
press between its inlet and outlet. It is essentially a drum or wheel, nomiiosed of a number 
of blades on a frame keyed on a shaft, inclosed in a casing with parallel sides and gradu¬ 
ally-expanding periphery. Air entering at center of one or both sides is c.aught up by 
the blades, and given a rotatoiy motion while being thrown toward the periphery. Cen¬ 
trifugal force is developed, which generates stat^ radial press from center to circum¬ 
ference (12). Also, pressure is developed by impulse effect through conversion of velocity 
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press (in excess of that required at discharge) to static press in the expanding housing. 
Some of the press devdbped is lost in the fan itself, by friction against casing and blades, 
and by shock losses at entrance and in passage through the fan. (See Art 14 for per* 
formance. Art 15 for application, and Art 16 for selection of fans.) 

Open-running fans have side casings only, dkcharging freely to atmosphere from the periphery. 
This type, now represented only by the Waddle (English) (3, 6 ), can be used only as an exhaust 
fan. A few wore installed at U S ooal mines, but are now rarely used. 

Guibal fan was the forerunner of closed fans with expanding discharge, from which 
modern centrifugal fans have developed. At first, the rasing was circular and extended 
to about the three-quarter point (Fig 36) where the expanding outlet or evaa£ started. 

Blades were flat, but laid back 
at about 45° from* radial posi¬ 
tion, and supported on braced 
bars bolted to parallel "spiders” 
keyed to fan shaft. At first, 
all wore single-inlet. Later de¬ 
signs included more or less 
complete expansion scrolls, 
double inlets and backward- 
curved blade tips, though with 
many variants; they are slow- 
epeod fans, of diam up to 40 ft. 
Many are still operating with 
fair effic in Pa anthracite mines, 
and a numl>er in the bituminous 
districts. A modification of the 
Guibal, the Walker “Indestruc¬ 
tible,” is still made in England 
(3). Intebmediate tyitss of 
deep-bladed backward-curved 
Fig 36. Early Type of Guibal Fan (12) radial-vano contrifugals, mostly 

smaller and of higher speed 
than Guibal.s, were installed (1895-1910) in U S bituminous mines, the Capell fan (73, 6) 
being the best known. 

Multiblade, or *' Sirocco,” fans. Modern designs in U S are almost all of the 
multiblade type, wherein the drum-shaped rotor has a large number of shallow blades 
(the original Davidson or Sirocco had 64, forward-curved blades). Designs differ mainly 
aa to shape and position of blades. Although 
types with radial, forward-curved, backward- 
curved and composite-curved blades were 
developed simultannously, 1900-1905, the 
forward-curved blade types, due to greater 
capac for equal size and speed, have dominated 
the U S mining field. Practically all main 
fans at metal mines, most fans at bituminous 
coal mines, and many at anthracite mines, are 
of this type. 

Fig 37 shows a typical Sirocco fan in an old- 
style, single-inlet, industrial type of casing. Late 
designs have a higher cut-off with top of fan dis¬ 
charge about on center-line, thus reducing overall 
height; mine designs have evas^ discharge. Moat 
metal-miue and many coal-mine fans in U S have 
this type of rotor. A commoner type at coal 
mines is the Jeffrey stepped multiblade rotor 
shown in Fig 38. Backwakd-cubved multioladb 
FANS, on account of certain desirable character¬ 
istics for mine use (Art »oi, were introduced in a Fin; 37 . ‘‘Trov’’ Sirocco Fan ( 6 ) 

number of designs about 1926. Many have been 

installed, particularly in metal mines for secondary services, but there are few main-fan installa¬ 
tions of thk type, probably because o! size and speed limitations. 

Vorlattons in deidgn. Available dmigns vary in number of inlets, width, degree of 
completeness of housing, and direction of rotation and discharge. Basie design of stand¬ 
ard single-width fan may have single or double inlets. A double-width fan always has 
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2 inlets and is virtually 2 single-width fans with rotors on a common shaft. Double¬ 
width fane are popular as main fans for mines, especially underground, because both fan 
and insiallation costs of large units are usually lower than for single-width. The latter 
generally give lower total costs for small units and sidehili surface locations. The double- 
width fan passes about tvdce as much air at same press as the standard single-width of 
same design. Fans of special width occasionally arc used for operating conditions not 
conveniently met by standard designs. Standard design has a complete metal housing 
(“ full-housed ”). The purchaser builds foundations according to plans supplied with the 
fan; since he must eiect a building to house the fan drive and ducts to connect tiie fan 
to liie mine, he majf also build part of the fan bousing, for which the maker furnishes plans; 
the fan is “ half-housed ” if the buyer builds the lower half, “ three-quarter housed ” if he 
builds the lower quarter of the housing. Where the casing extends below ground level, it is 
important to provide for draining the pit. 

Reversing arrangements. Air flow through axial-flow fans is reversed by reversing 
direction of rotation. In centrifugal fans, direction of rotation is constant, and flow is 
reversed by reversing the connections of fan to atmosphere and mine respectively, by 

adjustment of doors m the housing 



Fig 38. Rotor of Jeffrey Mine Fan (6) 


Fig 30. Setting for Reversible Fan 


Direction of rotation and discharge. Direction of discharge is designated by the relation of 
center line of discharge to position of fan shaft, when viewed from the drive side (in a single-inlet 
fan, the side opposite the inlet, regardless of position of drive). From this viewpoint the normal 
rotation and discharge are clockwise, and vice versa, ff the line of discharge is faoriz and above 
the shaft, the discharge is top hori*; if below the shaft, bottom hori*. If the discharge is vert, it is 
either upbla.st or dowiiblast, according to whether above or below tlie shaft. Discharge in any 
other direction is angular discharge, and specified in degree as top or bottom angular, up or down 
discharge. 

Disk fan is an axial-flow fan with piano or curved vanes, attached to a shaft through a 
central hub or disk. It is easily erected, operates at liigh speeds, is cheaper than a centrif¬ 
ugal for the same duty, permits reversal of flow by simple reversal of rotation, and is only 
a little less efficient than a centrifugal; but it is adapted Only to a low resistance system. 
Many are installeil at coal mines, a few at metal mines. Usual typos have iron or steel 
wheels, 1.5-10 ft diam, with 5-12 vanes with tips at about 30“ to plane of rotation, cor¬ 
responding to a peripheral screw pitch of about 1.8 diam. Casing is cylindrical and 
serves merely to protect blades and give a surface to seal to. To increase effic by pre¬ 
venting eddies, late designs have the contral part, to 0.5 diam, blanked oil with a disk or 
cone. Limiting tip speed is 2 0(X) ft per min for large, to 12 000 ft for small fans. Pres¬ 
sures rarely exceed 1.6 in water-gage, but greater press is obtainable from especially strong 
wheels. Larger sizes wasa 100 000-150 000 cu ft per min. 

Propeller fans (7) of axial-flow type, with propeller-shaped blades attached to a central 
hub on a shaft, are refined types of disk fans, developed in aeronautical research. They 
generate high veloo at low press differential, at the some time imparting a spin to the air. 
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For high effic, an expanding discharge (diffuser or evB86) is required to convert veloc to 
press, and guide-vanes are required to take the spin out of the air after it leaves the 
propellers, or to put the proper spin in the air as it enters them (Fig 40). Advantages of 
modem designs are: cheapness and easy fiow-reversal of the disk fan, non-overloading 

power charMteristie (Art 
16) of the backward-curved 
multiblade centrifugal, and 
higher effic than present- 
day centrifugals. They are 
therefore rapidly supplant¬ 
ing centrifugals in mine 
service, where their chief 
drawback, noisiness, is 
rarely important. 

An early Coppus design 
found use in Western metal 
mines for auziliary end booster 
service. Steart in Australia 
(66) showed thnt airplene-type 
propellers, mounted in serien 
on a common shaft, give effic 
comparable to that of centrifu¬ 
gal fane and can be adjusted 
to variable duties by changes 
in number and pitch of blades. A number of Steart fans have been installed in So Africa and in 
England, where one at the Grange colliery (67) has 14 10-ft diam, 2-bladed propellers. In the 
JnrrHET Akrovanb (1931), 12 airplane-type blades are mounted in a single hub, and 2 stages, or 
2 fans in series on a common shaft, are used for press much exceeding 2 in, depending on diam. A 
later design, the Aerodyne, has 8 blades of typical propeller-fan design, operating in a streamline 
fairing, and applies to all mine pressures in a single stage. Ladbl-Tboller fan has 4 blades operat¬ 
ing in a shaped central fairing and is also de.signed for the whole range of mine press in 1 stage, as 
are 2 similar designs used in Europe and So .4fiica, the Belgian “ Aeboto " and English “ Aerbx.” 
Experiments are in progress to provide for changing pitch of blade, so as to maintain max effic with 
changing mine resistance, a feature of the Steart fan omitted in later designs. 

Fan bearings. In smaller sizes, shaft bearings are supported by the housing, but in 
the larger units, the shaft and wheel are supported on pedestals independent of the 
housing. If foundations settle, as they often do around mine workings, wheel and casing 
are thrown out of aliiiement and performance is seriously affected. 

Fan drive. Direct-connected steam drive is preferred at gaseous mines, as most 
dependable and permitting easy change of speed. Belt ilrive bj' constant-speed a-c 
motor is "ommon, with speed adjusted by changing belt pulles's. Variable-speed 
motors are sometimes advantageous, but seldom used because of higher cost. Direct- 
connecticd units are !>eBt for auxiliary fans, occasionally for boosters; their speeds are 
limited fay the phase and cycles of the elec current; S-phase, 60-cycle predominates, but 
25-cycle current is sometimes used. Short-center V'-belt drives are favored, as flat- 
belts often give trouble underground. Squirrel-cage induction motors are common, 
although synchronous motors may bo used on large units for power-factor correction, and 
other types for multiple-speed control. At gaseous mines, either 2 units with different 
sources of power, or 2 different types or sources of power for a single unit are required for 
absolutely deiMindable service. Steam and elec drive for close-in fans, and eleo and 
gasolene-engine drive for outlying fans, constitute good practice in anthracite mines. 
Auxiliary fans of several types are made for comp-air direct drive by a turbine attached 
to the fan; small comp-air motors arc also obtainable. These are less effic than elec 
drives, but useful when current fails, as at tunc of a mine fire, and for temporary service, 
since comp air is generally available in metal and anthracite mines. 

Booster fan position, in active areas underground, requires provisi.m for trips and men to pass 
without disturbing the flow. If 2 openings exist at desired location, fan is placed to discharge 
through a stopping in c i,.. with an airlock in the other; if there is only one opening, fan may be 
placed in a short run-aronnd drift, and the original opening is air-locked. In firm ground it is 
generally cheaper to widen the opening and provide an airlocked passage aiongside the fan (Fig 41). 
With passage iimited to men ai>.'t single cars, a small fan may be placed at one end of a short air- 
look, with the discharge carried througli the doorframes in pipe of same area as fan discharge. 
Installations should be firep’ oof, or at least fire resistant. Fans with non-overloading power char¬ 
acteristics (Art 16) are best for thie duty. Confining flow to one airway in itself increaeae the 
normal resistance, which is often further increased by design of installation. Direct drive is 
preferable to belt for all underground installations. 



i .till 

|_L S 

Fig 40. Propeller Fan (7) 
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CoBt of fan installations. Total costa of complete main-fan installations (192^-30) 
range from $5 000 to $15 000; booster fans, $2 ()00-$5 000; auxiliary fans, $300-$l 000. 



Bcaie ill tcct 

Fig 41. Booster Fan Installation (9) 

Cost of centrifugal fans, wheel and casing only (with evas'), f o b factory, is approx 40 /i* dollars 
for single-width, siiiKle-inlut, non-rover«ible fans of width 0.5 D\ and fiO /)* for double-width, doubli>- 
inlet, reversible fans of width D, where U is diani of wheel in ft. Side drifts for revpising add 
•500-gl .lOO for tlie ordinary large double-inlet, double-width fan, for which shaft hoods over $500 
and airlocks $150 extra. Total costs of uon-ieveisiblc instatlstions avci about .3 times, and of aver 
double-width reversible installation about 4 times, (he ciibt of fan alone. Approx costs fob factory 
(1036; of centrifugal fun and motor for aiixiliiuy ventilation; 

8-in diani pipe, S-in diam f.iii wheel, 1-bp motor, $140 

12-in “ " lO-iii “ “ “ 5-bp " $320 

24-iti " “ 23-iu " “ “ 15-hp “ $000 

Cost of disk fan, without motor, fob factory in 1936 was approx 80 -f- 6 O® dollars, where D is 
diam in ft. 


Centrifugal compressors are sometimes nsod for auxiliary ventilation in tunnel driving, 
where press requuements of long pipe lines are 1-3 Ib per sq in. They have same char¬ 
acteristics as centrifugal fans (Art IfO, but the large density changes involved at com¬ 
pressor and in the line must be considered (68), p'or given speed and inlet volume, 
ratio of alis discharge pi ess to abs inlet press is constant for fixed resistance (12). 

Volumetric, or displacement, ventilators. 

The rotary positive-press blower (Fig 42) 
is the only one in common use for forcing 
or exhausting air through long pipe lines 
under press (liffeiences of say 1-3 lb per sq 
in. Theoretically, they pass a fixed volume 
jier rev; actually some air trapped at each 
rev leaks from discharge to inlet side 
(“slip”). The amount of slip dojiends on 
press and clearances, and is specified as 
"slip speed." required to maintain a defi¬ 
nite press at no delivery. Variations in 
air density must be taken into account for 
pipe line press and blower jierformance 
( 68 ). 

Compressed-air injectors are useful in 
emergencies; they are cheap and easily 
installed, but veiy iuefiic. They depend 
on conversion of the energy of a high-veloc 
jet into press required for the desired flow. 

For low-resistance flows, where only dis¬ 
charge veloc is desired, a jet discharging 
along the axis of a pipe is sufficient. Adhere flow against resistance is required, venturi 
designs are used to convert veloc press to static press. Most home-made designs are 
patterned after the "Modder Deep” (Fig. 43); much used in German and So African, to 
some extent in U S metal mines, but very little in coal mines. Performance may be closely 
approximated by theory (69). Effic increases with proper design of venturi, as resis- 
tance of line increases and as air press decreases. 

Saccardo ayatem uses a low-press injector for ventilating tunnels, by which streams of high- 
veloc air are discharged from nozzles, or wall openings, at a slight angle to axis of tunnel. Per- 
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furmanoe (70) varies maisly with ratio of nossle area to airway area. Effic is max for one condi¬ 
tion only, as for fans, and may possibly reach 50%, but overall eftic is less than half that of direct 
fan ventilation, and veloc restricts use to low-resistance (smooth-lined) systems. Example, 
Liberty vehicular tunnels, Pittsburgh. 

Pressures caused by moving objects in air passages assist or retard air flow. I^arge-vol 
circulations often are reversed temporarily by movement of skips and cages in shafts. 



Effect depends mainly on shai>e of object and ratio of its area to area of airway, and is 
reduced by decreasing are.a ratio and by fretpient op«*ning8 between adjoining airways or 
compartments of multi-corapt shafts. No authentic data for eomxmtation of effects under 
mine conditions are available. 

14. FAN PERFORMANCE 

Performance is detf-rminerl by test. Theory gives only rough approximations for 
centrifugal fans (72, 73), and, though more precise for recent propellers (74), offers no 
simple mathematical relation between vol of flow and press, due to the variable balance 
between press gains and losses in the fan itself, when operating against varying flow 
resistance. Formerly, when fans were specially constructed for each mine, largely by 
rule-of-thumb, the operator’s main interest was in design. Now, when construction is 
loft to specialists, and makers offer effic designs in a range of siaes for all requirements, the 
operator's main interest is in selecting a fan siiilahle for his needs. 

Mine resistance determines fan size. Special sizes (except very large ones) are 
rarely made. Any one fan will oi>erate atiiiax offic against only one resistance condition, or 
press-vol relation, and at less than max against all others; but a size may he selected for 
operation close to max effic against any resistance. Primary condition for effic service 
is that size of fan must fit the mine, or position of fan in the circuit. Not quantity, but 
resistance to flow, which practically means size of aii-ways, determines size of fan. Low 
resistance requires large fans; high resistance, small fans. 

Tests. Makers doterr.i'ne performance by laboratory tests, as prescribed by the Standard Tert 
Code of Nat Assoc of Fan Manufacturers and the Amer Soe of Heating and Ventilating En,( (75). 
Measurements of 5 factors are required: speed, density, quantity, press, and power: repeated, with 
speed practically constant, for 8 or more different resistance conditions, by varying the resistance 
added at discharge or inlet end of a teat duct. Similar testa are sometimes made on fans in place 
at a mine, to determine performance, or data on operating conditions and mine resistance. Con¬ 
ditions in field tests are usually unfavorable for accuracy, and results are approx only. 

Characteristic curves. Results of tests, corrected to constant speed and standard air 
density (see below), and plotted against quantitv as a base, give a series of " character* 
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istic ” oopea that specify fan i^ormance (Fig 44). The total-press variation with 
Quanti^ it the bwo chaiwcteristic that shows results when the fan is applied to a mine, 
and is tiierefore the true “ fan characteristic point of operation is determined (Art 16) 
by the interaction of the mine characteristic (Art 11) with the fan total-press charac¬ 
teristic. Point of operation a (Fig 44), determines Quantity Q, and this in turn determines 
the total press H, rated static press S, mechanical eflic E, and jiowcr P. 

Fan laws. Changes in performance have been found by experiment to obey certain 
laws closely enough to permit general use of the laws over a large range of variation in 
flow. Hence, from one set of constant-speed tests against variable resistance, fan- 
performance characteristics can bo computed for other speeds and sizes. Actually, a 
slight increase in effic accompanies increase in speed, but is ignored. Also, fan perform¬ 
ance differs slightly, depending on whether the fan takes air at zero veloc, as in the blower 
position, or at definite veloc, as in exhaust or booster positions, since the shock-press loss 
in the fan entrance is larger for the first 
case. With coned or rounded inlets, the 
difference is negligible. A slight increase 
in effic also accompanies increase in size 
of fan, important enough in the smaller 
sizes to require separate characteristics for 
different size groups. The larger sizes, for 
main fans, can usually be placed in one 
group with little error. With these quali¬ 
fications “fan laws” are; (1) If speeds of a 
fan operating against fixed resistance are 
changed: (a) effic remains constant; (b) 
quantity varies directly as s; (c) press 
maintained varies directly as a-; (d) power 
required varies directly as «®. (2) If geo¬ 

metrically similar fans, with diam in ratio 
tn, are operate<l at the some speed, then, 
for constant effic; (a) quantities vary di¬ 
rectly as wi*; (b) pressures maintained vary directly asm^; (e) iwwers required vary directly 
asm\ (3) If density of air is changed: (a) quantity and effic remain unchanged; (b) press 
and power vary directly as the change in density. 

^essures and ratings (9) are confusing because press difference, measured directly 
against atmos press, does not correspond directly to the total-press difference generated 
by the fan. To avoid confusion, most makers rate their fans on a static-press basis. 
Fan performance has therefore come to be based almost entirely on static-pressure mea¬ 
surements, to which it has no direct relation, but by which it is approximated closely 
enough in most cases to obviate serious error, since the veloc press involved in the usual 
installations is small. Static-press rating must refer to a definite area and operating 
position. Ordinarily, it is based on area of the discharge connection, and the blower 
position of operation. Fans for use only for exhaust are sometimes given static-press 
ratings based on area of inlet connection; then ratings may refer to a fan with free dis¬ 
charge, but usually to a fan having evasb discharge integral in the design. 

Pressure graphs f71}. The best way to avoid confusion, in correlating field test resulta to fan 
ratings, is to chart the press changes, which are changes in abs press, though charted from atmos 
as a base. Then: (1) difference between aver total press at fan inlet and discharge is the only 
constant value for operating positiona, and is the value tq be used in deteruiiting rated statio 
press, which customarily is one discharge-velou press less; (2) aver total press at any cross-sec of a 
ventilating system is the algebraic sum of 2 mutually convertible components, static press and aver 
veloc press, the ratio of which depends only on area of cross-sec; (3) aver total press and static press 
may be positive or negative in relation to atmos press, but veloc press is always considered positive; 
(4) aver abs total press always decreases in direction of flow; but (6) is always increased in this 
direction by a fan. Relations of fan and vcntilating-system pressures to atmos are shown graphi¬ 
cally in Fig 45 A, B, and C, for 3 fan positions in the same circuit assuming uniform resistance and 
veloc throughout. In each position, total press developed is the same, and the fan’s static-press 
rating equals this total press, minus veloc press at discharge; that is, it is based on discharge area 
of the fan operating as a blower. For the exhaust position (Fig 45 B), negative total press at the 
inlet is equal to static-press rating (blower position) and is independent of area of duct; it is there¬ 
fore used as an alternative rating for fan in exhaust position. Avdr total press over a mine section 
can be observed directly cnly by a traverse; hence, is usually computed from measured static press 
and calculated mean veloc press. Use of such different pressures for rating in different fan positions 
leads to confusion, increassd by still another mode of rating required for a fan in booster position. 
The basic facts are: position of operation is immaterial; true performance is the total press difference 
generated; rated statio press is an arbitrarily determined figure that baa a direct relation to the 
preee generated. 



Fig 44. Characteristic Curves of Fan Perform¬ 
ance (9) 
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PrenwM ttaderKrouadi Where flow for f«D in booster position undergroond is throng nun? 
airwaysi the graph of press change is aa in Fig C, but stmos press is not svailable As ■ base. 
Baaio meaaurenient is the difference in static press between a point close to the inlet, such aa X, 
and a point close to the discharge, such as Y. If quantity of flow and the areas at X, Y (fan 
inlet and fan outlet) are known, velocity press can be computed and the graph followed to determine 
the fan total press and rated static press. 

Erasfi discharge, or gradually expanding section (Art 10} added to fan discharge, increases both 
total and static (negative) press at inlet of exhaust fan (Fig 45 D), and thus increases proportion of 
proas difference generated that is usefully applied, but without effect on the total press difference. 
When added to blower-fun discharge, it reduces shock loss at discharge by reducing difference in 
veloc, which is also its true effect with exhaust or booster fan position, (Bee paragraph above on 
"Pressure graphs.") Evast'i is really part of the airway system, but is usually auppli^ by manu¬ 
facturer to assure ofBc use of veloc of discharge of fan proper. 



P'ig 45. Pressure Changes in Ventilating Systems (71) 

Mechanical effic. All of the energy supplied to a fan is not applied to useful work. 
Part of it, varying with the resistance against the fan, is required for Sow through the fan 
itself; the rest represents useful work, the hp in the air. Useful work per unit of time 
divided by corresponding power input is the mech effic of the fan. Useful work is com¬ 
puted from total press of the fan and vol of flow. In data on fan performance, " mechani¬ 
cal effic ” refers to effic based on total press, oven though the fan’s press rating is given on 
a static-press basis. Occasionally, for convonience of application with rated static press, 
a " static effic ” (calculated from rated static press) is given. This bears the same ratio 
to effic that rated static press does to total press, and can thus be used directly witlx rated 
static press to calculate power requirements. 

16. APPLICATION OF FANS TO VENTILATING SYSTEMS (12, 9) 

Constancy of fan duty. Fans may act singly or in combination with other pressure- 
generatiixg sources. In a ventilating system there are usually natural-draft pressures 
acting in scries with or against the fan press, and often 2 or more fans acting in series, 
parallel, or series-parallel combinations with each other and natural-draft press. When 
a fan is the only pressure source, its required duty is constant, and controlled by the 
resistance; but when it operates with other pressure sources, all combine to overcome the 
resistance, and the duty of a fan operating at any one point is variable and determined by 
its position and by intensity of the other sources acting with it. 

Fan as only source of pressure. A fan running at constant speed can produce only 
the combinations of press and quantity of flow indicated on its characteristic curve 
(Art 14) for that speed. Preas losses in a ventilating sy’stem vary with quantity of flow, 
and the possible combi ,«itions are indicated by the characteristic curve of the system 
(Art 11), Only one combination of press and quantity will satisfy both fan- and system- 
characteristics; tliis IS indicate<! graphically by the intersection of fan- and system- 
characteristics at a in Fig 46, nhich determines press as H and quantity as Q. 

Fan in series with natural-draft press. Except in auxiliary service, fans rarely are 
the only source of press. Components of natural-draft press always act either with or 
against fan press. If of small intensity they may be neglected, but in a deep mine they 
are important in determining both fan duty and quantity of flow. If all workings arc on 
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erne level, there ii but one component of natural draft, developed between the higheat 
surface opradng and the level of the workings, and this prea acta in aeries with a fan 
paadng-ihe total flow. In a multi-level mine, the components of natural-draft preaa act 
like a 'group of constant-press fans operating in parallel, and with the resultant of the 
^oup operating in series with fans on the main flow. Although problems of distribution 
rsQuire different treatment (Art 12), the resultant of the components acting in series with 
a mam fan may be treated as approx the natural-draft press developed between the 
highest surface opening and the uppermost mine connection carrying an appreciable part 
of the total flow. Such pressures developed below the uppermost main cross-connection 
have little effect on the duty of a fan in the total-flow part of the circuit, but act mainly 




Fir 47. Natural Draft acting with Fan (9) 


to change the distribution below this level from that which would result with tlie fan acting 
alone (9). 

ITatural draft acting with fan (Fig 47). The combined press characteristic of both 
fan and natural draft is obtained by adding the pressures for equal volumes. Flow con¬ 
ditions are indicated by intersection of the combined press characteristic and the system 
characteristic at a, which determines total press as U and quantity as Q. I'he latter 
determines the operating position of the fan for this condition, as at b on its characteristic, 
and the fan press as Hp},. With natural-draft prGB.s i/jv acting alone on the system, the 
intersection of the natural-draft and system characteristics at c indicate the quantity of 
flow as Qff. With the fan acting alone on the system, tlie intersection of characteristics 
at d indicates its operating position and determines the pressure as and quantity of 
flow as Qp. Practical result of natural draft acting with the fun is a decrease in resistance 
and an increase in quantity of flow over what would be produced by the fun acting alone. 



Fig 48. Natural Draft acting against 
Fun (9) 



Fig 40. Fan Characteristic used ns Combined 
Characteristic for Fan and Natural Draft (9) 


Natural draft acting against fan (Fig 48). The combined characteristic, obtained by 
subtracting natural-draft press from fan press for the same vol, crosses the system char¬ 
acteristic at a and determines press and quantity of flow as H and Q. Q determines the 
operating position at b and the fan press as Hpf,. With natural draft Hn acting alone, 
the characteristics cross at e for quantity Q^', and flow would be in the opposite direction. 
With the fan acting alone, the characteristics cross at d, and <iuantity would be Qp, and 
fan press Ifpj. The duty of the fan is changed, through the action of natural draft, from 
d to b. Practical result of natural draft acting against the fan is to increase resistance 
and reduce vol of flow. 

" —41 
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Vsrktloa In fu duty.. If the limits of Tsiistion in nstunl-dnft pressnrss soUni in tbs sam« ot 
opposite (Ureotions are known, combined charaoteristics oan be laid off for sack condition, and 
range of variation in fan duty determined by the quantity intercepts on the fan oharaoteristio, the 
quantities being determined by intersections of the combined press characteristics^ with the system 
characteristic. A more convenient method is to plot the same system charaoteristics to separate 
press bases, ae at O, S, T (Fig 49), the intercepts OS and OT representing min and max naitaral* 
draft pressures on the same scale. The corresponding conditions of fan performance are then 
determined directly by intercepts of the separate system curves with the fan curve, sinee the latter, 
in relation to the proper press base, is equivalent to the combined press curve of Fig 47 or 48. The 
3 operating positions of a constant-speed tan, when ( 1 ) operating alone, ( 2 ) acting in oonjunotibn 
with minimum natural draft, and (3) with max natural draft, are indicated in Fig 49 by the inter¬ 
sections a, b, and e on the fan characteristic. 


Equivalent resistance. When pressures act in combination on all or part of the flow, 
the characteristics of a fan operating at a particulai- point are governed by the fan lavra, 
but the operating point is determined both by resistance of the system and by the other 
pressures acting on the flow. As the major point in mine ventilation is the press-vol 
relation at the main fan, this^-elation often is referred to incorrectly as the mine retistance. 
It is better termed the “ equivalent resistance ” (9) against which the fan must operate. 
Since, in a system acted upon by pressures in combination, the equiv resistance for a par¬ 
ticular pressure source is determined partly by press losses which do, and press gains which 
do not, follow a definite law, it can be determined only by direct test or by graphic methods. 
For known characteristics of press gains and losses, the graphic method may be used. 
When these are unknown, the press-qviantity relations at different fan speeds may be 
plotted as the characteristic of equiv resistance. Then the particular point of operation 
of the same or a different fan for the same conditions may be found by using this equiv- 
rcsistance characteristic as a system characteristic, and solving graphically for the point 
of operation, as though the fan were the only press source. 

Fans in series. Although generation of press at one point in a system is generally 
cheaper, sometimes more effic distribution and better operating conditions may be obtained 
by generating press at more than one point, particularly where resistance to flow is abnor¬ 
mally high or leakage circuits are unavoidable. Fans operate in aeries when working on 

the same flow circuit, each handling total cir¬ 
cuit flow and each generating part of the total 
press required. Any number of fans can be so 
used, flow conditions are determined by the 
intersection of the system characteristic and 
the combined press characteristic of the fans, 
the latter being the combined fan pressures 
plotted against quantity. 

Series diagram. Fig SO shows the separate 
and combined characteristics for 2 fans acting in 
series on the system. System and combined fan 
characteristic intersect at c, whence press and 
quantity of flow are // and Q. As each fan must 
pass this quantity, its operating position is shown 
by the intersection of the Q ordinate with the fan 
characteristic, at d for fan A and at e for fan S, 
dctermininK tiie separate pressures as Ha and Hg. 
If the mine characteristic does not intersect the 
combined characteristic of the 2 fans, then the 
iarger-capac fan will pass more air alone. Unless 
fans arc properly selected, and operated at proper 
speeds for the work to be done, they will not work 
in series at max cflic. Where a single fan operates inofiiciently, because designed for less than the 
resistance encountered, a second fan may be installed to operate with it at any point on the total-flow 
part of the system, and be so selected that both fans will operate at or near max effic. 



Fig 50. 


Quantity 
Two Fans acting in Series (9) 


Fans in parallel may be used to take full advantr.ge of the layout of airways available, 
to provide for efllc opo'-ation within certain limits of change in resistance, or to increase 
the eflic of a fan that oy itself would be operating against a resistance lower than that for 
which it was designcKi. 'I he fans may bo placed tn operate on the same or separate airways. 
Fans on tbs bams airway ac*. together, and a simple graphic solution is available, like 
that for fans in series. Their combined press characteristic is obtained by plotting pres¬ 
sure against combined quantity. In Fig 51 , intersection c of the system and combined 
fan eharaeteristic determines press H ; and, since press must be the same for both fans, 
the H abscissa determines the relative fan quantities, Qa and Qg, by intersections d and e. 
If the mine characteristic does nut intersect the combined characteristic, then the higher- 
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preaft fan A will paaa more air alone than the 2 fans together, and if an attempt is made 
to operate them in paralld, A will blow air back through the lowm'-prew fan B. If inter- 
eeetion c ia at a piese higher than any press on the oharaoteristio of fan B, the same revers^ 
of flow will ooour. Fans having steeply sloping press characteristics act together well in 
parallel; those that have characteristics ccmibining a comparatively flat part and a steeply 
sloping part must be operated on the steeply sloping part, at a sacrifloe of effic, else a 
sudden change in the 
equiv resistanoe of the 
oystem may cause the 
higher-press fan to take 
all the load, with danger 
of burning out a motor. 

’Where forward-ourved- 
blade fans are so installed, i 
various precautions are 
taken, such as use of fans 
exact^ alike, operated at 
the same speed or from a 
common drive shaft; ar> QaanUtr 

rangements for speed pjg Two Fans acting together in Parallel tO) 

regulation on one or both 

fans; or an “equalizing” tube connecting the fan inlets or discharges. Fans on 
BEpABATE AIRWAYS constitute the more usual layout for operation in parallel. "Where 



the resistances of the separate airways are comparatively large, very little trouble is 
experienced, but it is difficult to detennine the equiv resistance against which fans so 
installed must operate for a fixed speed. liosistancea of the separate airways, and of the 

system beyond their junc- 
ted^A tion, must be considered, 

^ /t «+/:§ la ^d flow conditions 

^ Q r fan performances must be 

Tan B solved graphically by trial 

-i “■ and error. 

g ^ Fnn A i ® Where fans in parallel are 

" 0 JL. ■ —* the only sonrcee of press, 

B distribution may be repre- 


Fig 52. A, Analysis of Flow Conditions for Fans acting in Parallel sented by fans disoharging 
on Separate Airways; B, Sketch Diagram (0) through separate branches 


into a common duct (Fig 


62 A), although actual conditions might be as in Fig 52 B, where the series resistance 5 + c + d 
would be equivalent to A, that fur e equivalent to B, and that for a -f-/equivalent to C. Primary 
conffition: vol of flow in each branch must be such that press generated by fan, less pressure-drop 
between fan and junction, shall equal the common press at the junction, which is the press required 
to re” the total flow through the rest of the system. Fan characteristics aad the 3 mine-eection 
characteristics are plotted in Fig 5.3, and the 
flow conditions solved graphically by successive 
trials. A total quantity of flow, Qc, ift assumed; 
the intersection of its ordinate with system- 
characteristic C determines press He, that would 
be required in the total-flow section C (Fig 52, 

83). The excess of e.ach fan press over He ia & 
a^'ailable for flow tlu-ougii its respective branch, § 
and the broken curves are special fan chiirac- g 
teristios, each based on such excess press (fan (k 
press minus £fr); the intersections of these 
curves with system characteristics A and B (of 
the branches) determine tiie quantities of flow 

through branches Qa and Qb, and the press Qa Qo 

required as Ha and He, under the assumed Quantity 

condition of total quantity Qe. If Qa + Qb Jig 53. Solution by Trial and Error for Fans 
»8 more or less than Qe, then a larger or smaller acting in Parallel on Separate Airways (B) 
total quantity is assumed in the next triaL 

When quantities are found that agree, the intersections of ordinates Qa and Qb with the obar- 
acteristicB of their resiirctive fans (solid curves) indicate the equiv resistances against which the 
fans must ojierate and the corresponding pressures Hfa and Upg. 



Complex comblnmtioii of prossuYO aottrees. In large metal mines fans may operate 
at various points in conjunction with natural-draft press. The layouts sometimes may be 
resolved into equivalent simple-flow systems, but often the fan pressures act on only part 
of the flow in series, parallel, or series-parallel combinations with each other and natural 
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drafts: many leakage circuits are involved, with resultant changes in quantities of flow in 
addition to those caused by density changes and use of comp air underground. Solutions 
are therefore complex and only approximate. The important condition is, that the press 
losses on any complete circuit, regardless of changes in quantity, are equal to the pross 
generated on that circuit, whether by natural draft or faits. If the pressure source may 
be considered to have a constant-press characteristic, as for natural draft and for limited 

ranges of operation of forward-curved- 



blade centrifugal fans, solutions may be 
aided by mathematics. 

16. SELECTION OF FANS 

Performance guarantees. To de¬ 
termine range of duties or resistance 
conditions, against which a fan must 
work, is of first importance. The re¬ 
quirements are submitted to one or 
more makers, who quote on a limited 
number of sizes and tj'pes, from which 
selection is made on basis of satisfactory 
performance throughout expected life, 
at minimum total installation and oper¬ 
ating cost. 'Max efific is not the sole 
ciiterion, since, for conditions of limited 
life, low power requirements, or low 
power cost, a size smaller than that re¬ 


quired for max effic may yield a lower 


liH-gg 



30 4U CO 80 100 m 140 ICO 180 200 
QuanUty, porccui rated quantity 


total cost. Makers merely guarantee 
fans to operate (within the limit of safe 
peripheral speed) at certain efficiencies 
in a given range of resistance conditions, 
W'ithout developing mechanical defects. 
If actual resistance conditions are not as 
specified, or if they change after the fan 
is installed, the maker is not responsible 
for resulting lower effic. 

Tables of performance data. For catalog 
and general tise, faii-pcrforinnnce data are 
tabulated in 3 forma. The first shows 



Quantity, percent of maximum 
Fig 54. Three Types of Characteristic-ratio Charts 


rated performance only, for press-quantity 
combinations that permit max effic; one 
table represents a complete line of sizes of 
the same design. In the second and third 
forms, a separate table gives data for each 
size over a limited range of high-effic opera¬ 
tion: in one of these forms, rated perform¬ 
ances are listed in bold-face type; in the 
other they must be calculated from power, 
press, and quantity data. Data for per¬ 
formances intermediate between those listed 
are determined approx by interpolation, or 
accurately by calculations bused on the fan 
laws (Art 14). 

Characteristic-ratio charts. Con- 
Btant-speed tests against variable resis¬ 
tances on a single size of fan give the 
maker enough data to determine the 


operating characteristics of a group of similar fans for any sjieed. Such characteristics 
for one size at constant speed (Fig 14) or at a number of speeds, cover the usual service 
requirements; but in selecting a fan for special requirements, more general methods of 
representing performance ai'e needed. The basic method is to plot the characteristics 
as ratios and percentages, -.ather than actual values; the graphs, in a variety of forms, 
present a concise conception of the relative changes in performances for the particular 
design, but their practical use for fan selection is limited. Fig 54 shows 3 types of char¬ 


acteristic-ratio charts. 
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Coiuturt««£B.c eoeffldentB. For homologous fans running at constant effic, the fan 
laws (Art 14) may be combined to show relation of quantity (Q) and press {H) to diam {D) 
and speed (N), asQ » kiND* and H « kiN^D*, where ki and kt are coefficients. These 
equations may be combined algebraically to yield many pairs of formulas (70), embracing 
quimtity, press and sise, and either quantity or press and peripheral speed, with a ooeffie 
varsdng with effic in each. 


In certain forms the ooeffioienta are dimeneionlces, that is, independent of the units used (3). 
CoeffioientB are plotted against efiir. in what might be termed eifio-ooeific oharts, which serve as a 
base for calculating siae and speed requirements for high efHc, or for calculating effic for a given else 
and speed required to pass desired quantity. Coefficients expressing relation of size and speed for 


max effic only, have had more general use, particularly in the forms: D 



for siae, and 


JV 


*4\/g 

D 


for speed, in rpm, where J> 


diam in ft, Q 


cu ft per min, and II ” press in inches 


of water, either total or rated-etatic, usually the latter. Values of and kt vary over a limited 
range; kg depends chiefly on ratio of width (of wheel to D, whereas kt is practically independent 
of the width ratio. Aver vaiuee of and kt, based on rated static press, are in Table 6. 


Table ft. Size end Speed Coefficients of Fans at Max Effic 



kt (size) 

fcj (speed) 

Multibiade centrifugals; 

Double-width. W ■» J), forward-curved-blade. 

mm 

900 

Single-width, TF •• 0 5 D, forward-ciirved-bladc. 

0.028 

900 

Single-width, W •• 0.5 D, backward-curved-blado. 

0.031 

1 600 


0.024 

3 500 

l.ate-type Guibals, ir=>D+3. 

0.067 

1 100 

Farly-typn Cinibals, . 

0 . t16 

1 200 


s 1 


■a a 

la® 


(0 
H a 



=■000)58 X qnnnttty x static 


Fan-selection charts (76). 

Properly prepared graphic 
charts, based on constant-effic 
coefficients, facilitate fan selec¬ 
tion and solution of fan prob¬ 
lems, particularly if so con¬ 
structed that size, effic and 
speed may be determined 
directly from quantity and 
press. Fig 55 shows a simple 
chart in gcnernl use; Fig 56, a 
proposed, more comi>act, chart. 

Effect of blade shape on 
performance of fans. Gen¬ 
eral performance character¬ 
istics, attributable to blade 
shape, are shown by the 5 
sets of characteristic-ratio 
curves of Fig 67, 58, repre¬ 
senting types rather than 
particular designs. The 
characteristics are plotted 
in terms of resistance to 
flow, that is, percent r in 
the general resistance rela¬ 
tion H — rQ* (Art 11), as 
these are the factors to be 
coordinated in service. 

Against percent r, percent¬ 
age values of power, total 
press, rated static press, 
quantity, and effic are plot¬ 
ted for 3 types of centrifugal 
and for disk fans. Recent propeller designs have characteristics similar to those of the 
backward-curved-blade centrifugals. 

Power characteristics are decisive for mine application. Having power requirements 
practically constant at, or lower than, tiie rated power, backward-curved centrifugals and 



Fig 55. 


QaauUt .1 cu. ft. per liilu. 

Performance Chart, B. F. Sturtevant Co (9) 
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some propeller demgna are aaid to have a “zion-overloadiixg” power cliaracteriBtio and are 
therefore suitable where resistance fluctuates widely. As both radial- and forward- 
ourved-blade types have rising power characteristics, they are subject to large overleaf 
if resistance is grmtly reduced, as by short circuits through doors l^t open or tubing di»- 
oonneoted from an auxiliary fan. They reqmre motors of excess capao, up to 60%, to 
guard against posaiMe overloads from fluctuating resistance. 

Pressure characteristics have had much attention, being related directly to blade 
shape. They determine suitability of type for operation in parallel, and where constant 



press or constant quantity rather than constant eflSe is required: backward^uiwed-blade 
has a very steep total-press characteristic and is therefore suitable for operation in parallel 
at maT efl5c; forward-curved-bladc has a flat total-press characteristic near max effic and 
requires large sacrifice in effic for operation on the sloping part of the characteristic,’as 
required when operating in i>f>,ralld (Art 16); radial-blade has a gently sloping charMt^ 
istic, requiring only small sacrifice in efiic for parallel operation. Press characteristics 
may modified by design of housing, as in certain forward-cui^ed-blade types for auxil¬ 
iary service, which have a steeply doping press characteristic similar to that of the 
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bacicward-ourved-blade. Forward-curred-blade types are good for oonstant-press, and 
backward-curved-blade for constant-quantity requirements. 

Effect of roof falls or short-circiiit on water gage. Whether ehangee in main airway conditions, 
as a fall of roof or short-circuit, may be inferred from fan press depends on the press characteristics. 
Water gage for the fan in blower position follows the rated static-press characteristic, and any 
increaae or decrease in it generally indicates change in resistance, though not necessarily the degree 
of change. Water gage of a fan in exhaust position follows the total-press characteristic (Fig 45); 
change in press generally indicates a similar change in mine airway and resistance conditions, except 
for the forward-curved-blade centrifugal, the characteristic for which is so flat over the usual 
operating range that no such inferences can be made. Most coal- and metal-mine fans have forward- 
curved-bladec: operating in the exhaust position on the flat part of the press characteristic, where 
water-gage records serve no useful purpose other than to show the constancy of fan speed. 


Efficiency cheracterigdcs. Econ¬ 
omy of operation is not only a 
question of max effio but also of 
range of resistance possible at bigh 
effic. The flatter the eflSc charac¬ 
teristic near its max, the more 
suitable the fan for operation 
against changing resistance. Effic 
characteristics in Fig 58 indicate 
that the backward-curved-Uade 
has a slight advantage over the 
forward-curvod-blade. 

Comparative mechaxUcsl effic 
of the various types is fairly well 
established by consensus of opin¬ 
ion. Virtually all designs can give 
equally high eflic if cost is dis¬ 
regarded, but the designs now on 
the market have the following 
comiiarative ranges of max effio: 
radial-blade and auxiliary-ventila¬ 
tion centrifugals, and disk fans, 
50-60%; forward-curved blade 
and straight-side backward-curved 
blade centrifugals, Hand propeller 
fans with airplane blades, 60- 
70%; backward-curved blade cen¬ 
trifugals with coned sides (limited 
in diam by mechanical design), 
70-80%; and late propeller designs, 
80-85%. These are actual or total- 
press efficiencies. Effic based on 
static press averages about 10% 
lower. In general, the' lower 
efficiencies apply to smaller, and 
the higher to larger sizes. Max 
variation for designs of the same 



*£005 scale, Pig 57 and 58, represents values 
expressed as percentages of value at max effio 


Fig 57. Comparative Quantity and Power Character¬ 
istics of Mine Fans (9) 


type apparently is limited to about 5%. 


Other operating characteristics. For the same resistance, spexs of rotation (Table 4) of the 
backward-curved-blade centrifugal is almost double that of the'forward-curved-blade, with speed 
of the radial-blade type intermediate. The speed of the ordinaiy disk fan is about twice that of the 
backward-curved-btade centrifugal. High speed is a definite advantage in direct-connected motor- 
driven units, as high-speed motors coat less than, low-speed. QxnxTNfiSH of operation is usually 
unimportant in mine ventilation. Although conversion of veloc press to static press in the housing 
is mainly responsible for noise, speed of operation and details of design of both fan and connecting 
ducts also contribute. Propeller fans are veiy noisy, forward-curved-blade types of centrif¬ 
ugals moderately, and backward-curved-hlade types least noisy. Uniform intensity of noise 
indicates constancy of performance. Cases of unstable performance are rare; probably caused by 
turbulence effects at tbe (nlet, due to "wild’’ turbulence or excessive shock-press losses in inlet 
passagea. 
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Fig 58. Comparative Pressure and Efficiency Characteristics of Mine Fans (0) 

17, CONTROL OF COOLING POWER OF AIR IN HOT MINES 

TUa control is required in many deep-level mines for maintaining effic of manual labor 
under natural high-temp conditions, and in some cases is of great economic importance. 
In a few districts, max depth of mining is considered to depend largely on control of air 
temp, especially on the Rand, So Africa, where a series of deep mines produce about 
50 000 000 tons of ore a year, valued at approx $400 000 000, and the recovery of about 
$3 000 000 000 in gold (77) depends largely on air conditioning at depths of 6 000-12 000 ft. 
Since 1935, large air-conditioning plants (Art 18) have been installed on the Rand, whence 
comes much of the literature on the subject. 

Limiting air conditions (Sec 23). Comfort depends on rate at which the body loses beat, which 
in turn depends on wet-bulb temp, air veloc, and dry-bulb temp. Conditions may be compared in 
terms of kata-thermometer (Sec 23) cooling powers (rate of cooling from 100 to 95“ F of large-bulb 
alcohol thermometer with or without wet sack on bulb) or “effective temp” (temp of still, saturated 
air that gives same feeling of warmth). Approx empirical relations of Kata cooling powers to temp 
and air velocity are: 

For velocities under 200 ft per min: Kd “ (0.111 -1- 0.016 vF)(97.6 — fd) and Kui 
■» (0.104 -b 0.08 ■v^)( 97.5 — Jw). For velocities over 200 ft per min: Kd (0.072 + 0.019 VF) 

<97.5 — tS and Aw = (0 056 + 0.011 v^)(97.6 — tw), where Kd and Kig are dry and wet. Kata 
cooling powers, in niilli-CB lories per sq cm per sec. Id and tu> are dry- and wet-bulb temp, and^ F is 
veloc in ft per min. Effective temp is determined from charts (Fig 59). Limit of cooling ia at 
effective temp equal to body temp. Effective temp of 85“ F (about 7.0 wet-Kata) is about the limit 
(81) for a fair amount of physi'-al effort by an acclimatised miner stripped to the waist. This 
oorresponds to working face conditions of 87“ saturated air with aver veloc of 100 ft per min, and 
to development face conditions of 93“ saturated air with aver vdoc of 1 000 ft per min. 

Sources of heat underground: (1) heat transmitted from rock to air in workings, and 
in passage from surface to workings; (2) heat due to auto-compression of downcast air 
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caused by change of abe preea; (3) heat from men and machinery underground; (4) heat 
from oxidation, timber decay and use of explosives; <fi) heat due to air passage tlmugh 
fana and friction of air currents; and (6) heat due to ground movement. 



Elg 59. Effective-terop Chart for Men at Rest and Stripped to the Waist (9) 



Heat flow from rock. Theoretic computation of hcot flow- from rode w.dle into air curronta 
is complex (78), and of qualitetivc, rather than quantitative interest, due to diliiculty of adjwtina 
to actual conditions. Carrier (79) has developed a chart for con.'t.'irif-teinp lisrumptions (Fig GOV 
from which the heat>ti-anafar eoeffle may be determined from time of cooiirtR, and conductivity and. 
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diffufivity ooeffieienta of took. The latter, for granite, limestone, sandstone, and slate are mue^ 
alike (See 39); aver for eonduotivity, in B t u per hr per sq ft per ft of thickness, is about 1.26, 
and for difiusivity (eonduotivity + Isp heat X density in lb per on ft]), about 0.03& 

Relation of air temp to rock temp. Estimates of duty of air-conditioning plants have 
relied on observed data from actual mining, which show that rock walls adjacent to air¬ 
ways tend to assume the aver temp of the air flow, and that the temp gradient in solid 
rock, inward from the walls, gradually flattens as cooling penetrates farther into the rock. 
Temperatures in deep boreholes in the walls of intake airways have shown cooling extend¬ 
ing inward as much as 350 ft (80). These cooled aones act to insulate airways from rock 
heat, by reducing temp differential and flow of heat between rock and air at surfaces of 
contact. Practical differentials depend mainly on veloc of flow, distance of air travel, 
depth involved, and moisture conditions. Constant flow maintains an almost constant 
aver differential (81); increasing veloc gradually increases the differential. Aver temp in 
1936 in Magma (Ariz) 3 200-leveI stopes, 50G-1 500 ft from downcast shafts, was 84“ F 
wet-bulb and 90“ dry-bulb, 43“ and 37* respectively below rock temp at that level. 
Other cases of air temp as much as .30“-40“ below virgin rock temp (127“) could be cited, 
but aver differentials are much lower and range down to zero. Low veloc. flow combined 
with oxidation or timber decay may result in negative differentials, or air temp above rock 
temp. 

Heat of compression. In theory, 1 lb sir falling D ft develops D ft-lb of energy, equivalent to 
{D + 778) B t u, which is sufficient to raise the temp of 1 lb of dry air f(X) -5- 778) -t- 0.24 deg F], 
wherein 0.24 is sp heat of air at constant press. Then theoretical temp rise for 1 000 ft is about 
6.4“ F, or 1° per 186 ft of depth. Heat added by compression is lost by expansion in an equal 
height of upcast, hence total heat in mine is unchanged; but change in location of the heat is impor¬ 
tant for its effect on air conditions in working sones. Increase in wet-bulb temp depends on temp 
and abs press; approx range for mine shafts is 1.5“-2.j“ F per 1 000 ft (see Table 7) 


Table 7. Adiabatic Compression in Ideal Shaft, 7123 ft Deep 



At surface 

At foot of shaft 


25 in 

5 059 ft 
60.0“F 

55 9 

80 0% 

1,654% 

0 0633 lb 

4.59 grains 
5.74 grains 

1.15 grains 
0.172B tu 
24.5 

32 in 

- 2 064 ft 
98.9“ F 

73 6 

28.4% 

1.654% 
0.07551b 
5.47 grains 
19.22 grains 

13 75 grains 
2.062 Btu 
14.1 



Wet bulb. 






Latent heat of water required to saturate, per cu ft of atmosphere... 
Wet Kata index at wet bulb lenip above given, and 12$ ft per min veloc 


Heat from men working at full capac is about 1 000 B t u per man-hr. In hot mines, transfer 
from man to air is chiefly by evaporation of perspiration, and when evaporation is limited, physical 
work may become impossible. Effort of veloc of air movement diminishes as body temp is 
approached, and evaporation ceases when wet-bulb air temp attains body temp (12). 

Heat from machinery undergrotmd is equivalent to the difference between total energy input 
and energy absorbed in useful work at 1 hp » 42.4 B t u. Large underground hoisting or pump¬ 
ing units require a separate split for proper ventilation. Quantity for allowable temp rise may be 
computed for actual conditions; 10 cu ft per min per installed hp is aver figure for elec installations. 

Heat from chemical reactions may be calculated from air analyses, if assumptions are iiade 
regarding the reactions involved. Heat from oxidation, timber decay and use of explosives ie 
usually of local occurrence and easily controlled by ordinary ventilation. Most cases of heating 
in mines are due to oxidation of finely disseminated pyrite, occasionally of other sulphides, with 
absorption of O, but no liberation of COj. Timber decay absorbs O and liberates COg. Winmill 
(83) finds 2.1 calories given off per co of Oj absorbed by oxidation of coal and 4.3 by oxidatijn of 
iron pvrite. 

Heat due to fans. Ai>' flowing through fans is heated by compression, change of veloc, and 
ineflic of fan. Temp rise .nay be computed for adiabatic compression, with correction for change 
of veloc, or, with sufficient auouracy, for equiv work required (84). On the latter basis, for 100% 

■M9 ITQ 


778 X 0»24 X Qw 
^ For 


cffic, using notation of Art 10 with 17 for total press in in of water: temp rise 

0.0278 „ rs 4 ■ oi • r .V .■ , 1 * • • 0.0278 _ 

=■ - //. Due to inefficiency of the t.m, actual temp nee is-X-- 

u> 10 effic (as ratio) 

tc »“ 0.075, temp rise ■= 0.37 // -h effic. 

Friction and shock losses in air currents develop heat equivalent to the energy change. Assum¬ 
ing that all the heat enters the air current, derivation is same as above; temp rise is 0.37 ff for 
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ataada^ afr density and Tariea inversely as density. Energy ohangea eorreapond te total press 
changes, but may be approximated by using static press, both for temp rise at fan and in air cur¬ 
rents. Veloc energy existing at fan discharge is not converted to heat until dissipated in the air¬ 
way as friction or shook loss, or as shock loss at diaeharge to the atmoa. 

Oroond movement produces heat, but effects are not important. Local increases in temp have 
been noted at active faults (86), but in crushed areas the heat can usually be traced to increased 
rates of oxidation, from increasiid area of exposure to oxidation. 

Effects of circulnting air through mine working, in order of importance, are: (a) reduc¬ 
tion of natural temp of rock along intake airways and in deep workings; (b) reduced 
humidity, (e) increased veloc of air currents. Daily changes in surface air temp and 
humidity have little effect on downcast air currents except close to the surface, and seasonal 
effects in slow moving currents at depths of several thousand ft are small. Reduction in 
amplitude of temp variations largely depends on time of contact: at 10 min only seasonal 
effects are detectable and at 20 min even these are negligiUe. 

Cooling and drying effects. Downcast air currents absorb heat from warmer rock walls, and 
absorb water, by evaporation, from wails of .intake airways and workings. Cooling power of the 
air is large in winter, and the lower temp stored in ground near the surface cools warm intake air 
in summer. Walls of intake airways over a period of years are cooled to great depths, serving to 
insulate airways from higher-temp rock. Heat and moisture thus absorbed are largely redeposited 
along upcast airways of deep mines, only a part being discharged to atmos. Whore moan cooling 
power of Burface air is limited, or the economic limit of cooling by oirculaUng air currents has been 
reached, the air must be artificially cooled to permit mining at great depths (Art 18). Continuous 
absorption of moisture from mine workings by comparatively dry intake air tends to reduce the 
moisture available, until workings become noticeably drier and relative humiditiM are decreased. 
With increased ventilation, mines that were damp to wet have become almost dry in appearance, 
even though the amount of moisture absorbed in intake shafts and workings remains quite large. 
Small increases in the normally low veloc of air currents through working places are effective in 
increasing comfort conditions, even though the same small increase in main-airway veloc would 
have no detectable effect. 

Temperature, heat and moisture changes in air currents involve: dry-bulb, or sensible 
temp of the air; wet-bulb, or temp of adiabatic saturation; and dew-point, or temp at 
which condensation would occur upon sufficient cooling. Total heat changes in moist 
air are measured by changes in: sensible heat of the air, latent heat of the moisture by 
evaporation or condensation, and sensible heat of the moisture. The latter is negligibly 
■mall. Changes in latent heat are most important in air conditioning problems. Dry- 
bulb temp determines rates of heat transfer, but otherwise represents only the relation of 
sensible to latent heat in the air. At constant press, the wet-bulb temp represents total 
heat changes and the dew-point temp changes in absolute moisture content. Both wet- 
bulb and dew-point temp are affected by changes in abs press. These changes may be 
ignored in the case of shallow mines at or near sea-level, for which the ordinary constant- 
press psychrometric charts and tables at 29.92 in of mercury suffice. But, changes in 
psychrometric characteristics with change of abs pi-ess must be taken into account in 
deep mines, and special charts or tables (86, 79, 9) are required to compute temp change 
in tonne of heat and moisture changes. Also, change in quantity of flow accompanying 
change in press makes it desirable to use flow rates in terms of lb of air rather than cu ft 
as in ordinary practice. 

Thermal data. 8p heat of air at constant preaa is 0.2389, usually taken as 0.24. Sensible heat 
change for F for standard air of 0.076 lb per cu ft is 0.0179 B t u per cu ft. Latent heat of evap¬ 
oration or oondensatJon is about 1 060 B t u per lb of water, og 0.16 B t u per grain of water (Sec 39). 
In refrigeration terms, 1 ton refrigeration is 200 B t u per min, or approx 1.06 X IQtt B t u per year. 

Cooling with air currents. Within limits, the cheapest way to obtain added cooling 
at deep levels is by increasing the quantity Q of ventilating air (77, 87); limits are imposed 
by power cost, since fan bp increases about as Q^. Increase in airway capac may be 
gained through additional shafts to deptli, but os cost often exceeds $100 per ft, this solu¬ 
tion may not be economical, especially as shafts have no salvage value, whereas air- 
conditioning plants are removable. Thus artificial cooling may give tho same result 
more economically, or produce results not possible with unromlitioned surface air. Cool¬ 
ing by ventilating air has been the main reliance of hot deep mines to date, and only a few 
have supplemented it by artificial cooling. 

Effect of increasing veloc of air travel in intakes is to spread the heat and moistiu'e 
absorbed over more air and thus heat it less. General result is a lowering of aver temp in 
working sones, accompanied by increases in seasonal effect. 

Examples. At Village Deep, So Africa (88), workings were advanced 800 ft in vert depth from 
about 6 600 ft, to a 3.3* F higher rock temp, without increase of temp in intakes or splits (shaft* to 
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Btop«s} when air flow was iitipreaaed approx 50%; but stope temp gradually inereaeed at a aomewhat 
leaser rate than rook temp, aa did temp at development faoee, except when machines were drilling, 
at which times approx the same temp existed as at levels 800 ft higher. At the Magma mine. Aria 
(31), monthly records of stope temp in the central block adjacent to downcast shafts show little 
change in mean yearly temp in 8 years, while the lowest stoping sone progressed from the 2 550 to 
the 3 200 level, where virgin rock temp was approx 10** F higher. During this time air circulated 
gradually increased 60-70%. However, the seasonal ranges of aver stope temp were increased 
from about 82-89® F wet-bulb and 86-90" dry-bulb to 79-90® wet-bulb and 85-93® dry-bulb. During 
this period, the mine workings became perceptibly drier and gradual improvement in comfort was 
noted, except at the max summer condition, which remained about the same. 

Dry vs wet shafts. Evaporation of water in downcast intake shafts lowers dry-bulb 
temp and thus increases the differential between air and virgin rock temp, with more 
rapid transfer of heat and cooling of walls. But cooling of the walls also reduces rate of 
heat flow for the same virgin-rock temp differential, and the relative merits of dry and wet 
shafts have been much debated. Observations (89) indicate that, although wet-bulb 
temp and total heat are about the same at the bottom of dry or wet deep shafts, dry-bulb 
temp is much higher in the case of dry shafts, and the air is therefore in better condition 
to travel from shaft to working place with minimum accession of heat from the walls. 
As air absorbs moisture, the dry-bulb temp decreases and heat flow into the air is increased. 
Every effort should therefore be made in hot mines to keep evaporation of moisture at a 
mi nim um to the last working place on the circuit, where, however, reduction of the dry- 
bulb to the wet-bulb temp by evaporation of moisture slightly improves comfort conditions. 

Fan-pipe auxiliary ventilation delivers air long distances at high veloc without change 
in moisture content, and therefore provides optimum conditions for minimum increase in 
total heat and wet-bulb temp. Final temp of air is largely determined by temp of slow- 
moving return air along the pipe line, which is reduced as air quantity is increased. In 
high-temp rock, wet-bulb depression at discharge at development faces is often 15-20® F, 
but usually is not more than half as much at working faces 10-20 ft from the discharge. 
Fan-pipe ventilation is pracUcally a method of maintaining the cooling power of mine air, 
auxiliary to all general methods of cooling, whether by ventilation or air conditioning. 
Small, hot mines sometimes use fan-pipe ventilation for all working plaras (9) and secure 
better working conditions than would be possible for the same layout with general venti¬ 
lation. McIntyre (90) has proposed that the total intake be carried from surface to 
depth in a similar air-insulat^ pipe. 

Control of development return air. Currents from fan-pipe-ventilated development 
faces in hot mines usually have max temp of the mine, often 95® to over 100® wet-bulb. 
These ore usually added to intake currents of active workings and thus increase temp in 
working zones. Each small current of 2 (K)0-4 000 c f m is equivalent to at least 15-30 tons 
of refrigeration. An important step in combating high temp, therefore, is to carry return 
air shafts to the bottom, rather than the top, of active zones, so that development returns 
can be directly coursed to them without traversing active slopes. 


18. AIR CONDITIONING IN MINES 

Definition. As generally applied to mines, air conditioning refers to artificial or 
mechanical cooling of air currents for control of the cooling power of the air. Other 
forms of air conditioning are applied to mine air (Sec 23), but are not thus specifically 
designated. 

Cooling and drying methods, other than refrigeration, have been proposed for local 
use in mines, but high costa of production and transport generally rule them out (87), tJid 
only a few have been used regardless of cost. 

Examples. Use of cool water from surface, sprayed directly on the men at hot faces, has been 
a last resort in some hot mines. Ice has been used, particularly in So Africa, where the Village 
Deep used blocks of ice on trays in fan-pipes for development faces, and, by spraying ice-obilled 
water into stope intake air, secured a 5® reduction in wet-bulb temp. Surface water, run to wnate, 
was used experimentally {1Q?1) at the Mountain Con mine, Butte (91), to determine design data 
for conditioning plants installed later. Similar smaller plants were occasionally used later at other 
Butte mines; in the wintei of 1938, 6 fan-pipe coobng unite were in use and 12 more contemplated, 
each using 20 gal per min of city water discharged between closely spaced plates in the pipes. In 
an aver ease, wet-bulb temp in a development face waa reduced 10® F (A. S. Richardson). 

Dryiag ogants, aside from high coat, have the disadvantages of heating the ak with 
latent heat released by change from vapor to liquid, and of requiring heat for regeneration. 
Silica gel has been proposed (E. C. Holden, 1926) for drying comp air on surface, so as to 
iaorease its cooling effect underground when expanded in air drills, but has not been used 
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although deraporiaing comp air ia now the essence of com^air refrigeration methods. 
Abaorptiun materials mig^t be used at the bottom of wet shafts to change latent to sensible 
heat to condition the air for minimum heat absorption in further travel. 

Lowering vapor tension by using solutions of magnesium chloride (92). a cheap waste product, 
and of ealcium chloride has been proposed, to reduce moisture absorbed by air in passing through 
wet workings. Expected difficulties due to corrosion and effect on milling methods have retarded 
large-Bcale tri^. In deep Mich copi>or mines (63), waters in lowest levels are concentrated oaldum 
efaloride solutiona, and wet-bulb depressions of 3* to 11 ° F are found in places where depression in 
similar water-wet workings would not exceed 1". 

Ma ch t n icgl rafrignratioii involves both cooling and drying, as changes in heat content 
are affected by changes of temp and of moisture content. Both air and its vapor are 
cooled. Vapor cooled to the dew-point temp condenses and drops out, but liberates 
latent heat of condensation, which is the principal load on a plant dealing with air near 
saturation, or air cooled through a large range. A refrigeration system merely transfers 
heat from the cooled medium to some other medium from which it can be dissipated 
without reaffecting the cooled medium. Safe refrigeranta for underground service have 
been developed in recent years; the major difficulty and cost is in dissipating the heat (93). 

General requirements for large-capao plants in commercial service are said to be about 0.2 ton 
refrigeration per 1 000 « f m per deg wet-bulb cooling, 2 gal condeoser water per ton, 2.6 gal spray 
water per ton, and 1.0 hp per ton of refrigeration. At high-temp level of beat exchange under¬ 
ground, about 0.4 ton refrigeration is required, and estimatee of condenser water, spray water, and 
hp are about 60% higher than above. 

Methods for mine sir-conditioning have been: (1) vapor refiigeration of air at surface, 
or underground; (2) cooling of liquids on surface, by evaporative cooling and by vapor 
refrigeration, both surface and underground, for use in underground beat exchangers; 
and (3) dehumidification of comp air on surface, by over-comprossion-aud-expansion, for 
use underground in air motors and drills. 

Surface air refrigeration. The largest plants so far installed, Morro Velho (Brazil), 
Bobinson Deep (So Africa), and Kolar (India), are surface vapor-refrigerating plants. 
Advantages of surface plants: easy disposition of waste heat, absorbed from the air, 
plus heat due to work {lerformed; max safety, reliability and operating convenience; 
and increase of summer natural draft to approx winter conditions. Disadvantages: 
low positional efiic (about 0.4 the first year for 7 600 ft on the Rand (77) with probable 
increase in time to 0.55), due to increased flow of heat from walls of downcast; operation 
at aver of approx 60% capac, requiring larger plant; and limited capac, due to limited 
temp range available above freezing, and to lower heat capac of air at lower temp. Reduc¬ 
tion of 1° in web-bulb temp requires about 3 times as many heat units per lb of air at 
90° as at 40°. 

Monro Velho mine, Brazil, (94) was the first to be artificially cooled. A surface plant 
was installed in 1920 and an underground plant in 1929. The mine is very dry and in a 
warm moist climate; surface elev, 2 768 ft. Aver dry-bulb temp (1^), 68° F; max wet- 
bulb ((w) in rainy season, 75°; aver max 72°. Rock temp increases 1° per 140 ft 
from surface to 6 400 ft, but 1° per 119 ft from 5 300 to 6 400 ft and is 123° at 7 000 ft. 
Monthly output from a pitching gold reef by cut-and-iill methods was about 14 000 tons 
in 1922, with aver of 290 men underground per shift (3 shifts). Stopes are 6-12 ft high, 
8 ft wide and over 1 000 ft long; one per level, off 5 active levels spaced 300 ft vertically 
(active zone of 1 500 ft). Hoisting is in relatively shallow stages through offset interior 
^afts. Advance in depth per year is approx 150 ft. In 1926 lowest stoping operations 
were on 24th level, about 7 000 ft (E. Davies). * 

Surface plant. Ammonia-vapor refrigeration, divided into 6 stages (with provision for 3 
more). Reciprocating compressors and rotary-plate water qpolers are installed at portal of the 
S50-ft mmn adit at elev 2 444 ft. Cooled air is blown in by fans, with pressures adjusted to pre¬ 
vent admixture of surface air, and no airlock is required. A safety door is placed in the adit, with 
remote control from plant and shaft. Rated capac, 1(X) 600 B t u, or 603 tons refrigeration, equ^ to 
reduction of tw from 72° to 43.2° F for 6 040 lb dry air per min, or 80 000 o f m. (Condition of 
coaled air approximates aver climatic condition in England.) Design based on reducing mois¬ 
ture of surface air to a content estimated to hold max tui on 22nd level (12 500 ft of travel) at 81° 
and max in 2lBt level stope, 85°. When plant started, an underground fan, in series with the surface 
fan, doubled the pressure and increased the quantity in cirouiation 40%. Both together lowered 
max wet-bulb temp 9.4° during first 16 mo. In the same period, the fatality accident rate was 
reduced two-thirds and eases of beat cramp three-fourths: and production increased 12% with the 
same force. In 1026, the lowest stoping level was the 24th, where aver cooling was 8° tw (Davies). 
The pluit cost S455 000, and expenditurea for power supply made total cost about S630 000. Max 
requirements for 6^age operation, 700 hp for 21 motors. Undebobound plant (06), in series 
with surface plant on the 6 800-ft level, above the active mining sone and 6 (XX) ft from lowest stop«« 
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consista of 2 oentrifuKvJ CoxnpreasorB iMing Carrene (CHiCla) as refrigerant, which boib at 104* 
(aea level) and permita operation at preaaurea below atmoa. Capac ia eaid to be 150 tone, cooling a 
■bunt circuit (to avoid exoeaari'e lowering of (g) of 50 000 c f m from 75 tui — 100 ig to 64 {» — 74 <g. 
This gave an aver temp of 82 100 (g at lowest level. Temp as high as 126* (g are known, but 

corresponding is about 60° and men can work at good rate. Condenser water is cooled by spray 
tower in upcast air of 82 Iw — 102 (g at plant horizon, with only 0.5% loss by evaporation (79). 
Added resistance of cooling tower ia compensated by increased natural draft. 


Turf Shaft, Robingon Deep, So Africa (96, 97) has the second surface installation 
(1935), the largest of its kind. Mine is dry, except for water to wet down timbered shafts 
and combat dust haiard; climate warm and dry; surface elev, 5 6(X) ft. Mean fg, 60* F; 
mean fte, 52.5°. Rock-temp gradient (80) is 1° per 185 ft; temp at 8 000 ft, 101.5* F. 
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Fig 61. Sketch-plan of Robinson Deep Refrigeration Plant (79) 


Monthly output of Turf Shaft section is about 40% of total tonnage. In 193,3, with 
production at 117 000 tons per mo, mine employed aver of 390 whites and 6 100 natives. 
Uniform-grade, narrow reefs dipping about 33° are mined by cut-and-fill (resuing) 
methods, with stopes 5-ft high off rock drifts on levels spaced 300 ft along the dip and 
extending up to 1 mile from shafts. Aver depth of sloping zone was 6 700 ft in 1933; 
max depth of development, 8 0(K) ft; advance in depth, about 200 ft per yr. The 7-compi 
Turf shaft goes to the 4 060-ft level, the 6-conipt Main Incline shaft thence to the 6 200 fl 
level (.3 775 ft slope), and two 3-compt siilvinclines 80 ft apart thence to bottom. Max 
air travel is 2 miles as intake, and 5 miles in all. 


Compressor 


Brine Inside of tubes; Hquid and 
vapor refrigerant outside of tubes 


Purge connection 


Wster 



Refrigerant 

coQficusate 


Refrigerant' 

Refrigerant pump- 

Fig 62. Arrangement of Centrifugal Refrigeration Syetem (70) 


Plant (Fig 61, 62) is in s' imrate units, using Carrene No 2 (monofluorotrichloromcthane), boiling 
at 75° at sea level. Each unit has a 750-bp 2-8tage rciitrifugal cumpresBor, sbeli-and-tube .'oolei 
and condenser, 150-hp 2 3(Mi-gul per m'li spray pump and 76-hp 2 UOO-gal per min condenser pump. 
Plant rated at approx 2 100 tons refrigeration; designed to cool 407 000 c f m from 65° F tu to 38°, 
actually cools approx .^60 000 o f vi from 65° tw to 33.5°. Water is used for first stage and brine for 
others. Cooled air is blown by fans through spray-type dehuniidihere, and througli a 12 by 36-ft 
duet on 27° slope, entering shaft 100 ft below collar. Fan pressures are adjusted to permit small 
upcast of cooled air to surface. Main fan ra on the 33rd level (6 204 ft), between main incline and 
sub-incline shafts, and downcasts air from surface duct to the lowest levels. Return air is brosid- 
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«Mt old worldngB to ahallow ourfaeo aliafte. Lack of an upeaat abaft vaa important in 

daeidint on a> aurfaoa rather than underground plant. Fint year of operation prevent^ nwmal 
aummer liae of 6° in atopea, and aummer max waa aubaequently lowered or an aver 

redttotion of atope temp of 4**-4.5” (70). Notwithstanding depth and aver diatanee air has to 

travel, raaulta are eonsidered satisfaotory, and auffieient to warrant deepening of workinip at leaat 
1 500 ft beyond 1085 limits. Positional efEo at 7 500 ft depth at shaft in 15 mo was 75%. Plant 
oost approx $500 000, inoluding winse eonnection to shaft, and requirse about 3 (XK) bp at oapaoity. 
Operation is at aver ^ 55% of oapao. Initial operating cost of about $7 320 per month is expeoted 
to decrease gradually to aver of W 200. 

KOiar Goldfield, So India (Pryor, 77) haa the third large surface air-refrjMration plant, 
approaching oonupletion on a mine 8 200 ft deep in 1938. Plant, of standard ammonia* 
compreanon type using brine in pipe coils, has capac of 1140 tons refrigeration, to ocx>l 
160 000 c f m (10 000 lb) from 73° to 40° F. 

Undergrouad air refrigeration. The underground plant at Morro Velho (above), 
was the first thus installed. A second has been placed in an East Rand mine. Advantages: 
high positional efiSc, operation at full capac, and practically unlimited heat capac due to 
high temp range. Disadvantages: difficulty and cost of disposing of heat abstracted; 
high cost of required excavation; deduction of heat radiated by machinery from net 
cooling effect; and no increase of natural ventilation except where condenser water is 
cooled by bating upcast currents. 

East Rand Proprietary Mine, So Africa (95). A Freon vapor refrigerating plant of 
about 5(X)>ton capac was installed on 46th level, 6 400 ft deep and 1 000 ft below sea level, 
in 1936. It cooled 157 000-176 000 c f m from 81° - 83° to about 72° and 71° 

saturated. Heat to condenser water represents about 630 tons actual refrigeration. 
Mine water is used for condensing and pumfied to surface; but an estimated return of 
400 (XH) c f m at about 3 000 ft depth could cool condenser water for 1 400 tons actual 
refrigeration with increase of 10° iy,. 

Surface refrigeration of liquids used underground. Plants for this purpose have been 
installed at mines in Germany and Butte, Mont. Use of a bquid rather than air to trans¬ 
port cooling has often lieen advocated in discussions of mine air-conditioning (77), but 
the heavy piping required to withstand press at great depths, or alternate necessity of 
stage heat exchangers, has retarded use of this system. Main advantage over surface air 
refrigeration is less loss in transfer of cooling to working places; hence better positional 
effic, and smaller space required for transporting same volume of cooling in aver ratio of 1 
for water to 3 500 for air. Main disadvantages: cost of piping; finding place for piping in 
already crowded pipe compts of shafts; and danger in case of pipe failure by corrosion. 

Zeche Radbod mine, Ruhr, Germany (81). A small surface ammonia plant waa installed about 
1923 for temporary cooling of water in pipe radiators on the 3 160-level, pending sinking of another 
shaft and increase in ventilating quantity. Coal is mined at depths between 2 600 and 3 250 ft. 
Rock temp gradient, 1* per 60 ft; max rock temp 111° F, expected to reach 136*. At temp above 
82.5° <|0> miner works shift of 5 instead of 6 hr. Short shifts increased to 83% and production fell 
to 0.51 ton per man by June, 1921. Ventilation was increased from 350 000 to 700 000 o f m and 
by Feb, 1922, short shifts had decreased to sero and production rose to 0.88 ton per man. But in 
summer of 1922 short shifts were up to 25% and production down to 0.64. A new shaft was sunk 
to increase ventilation, and trials of cooling were made pending its completion. At first, dty water, 
61° at surface, cooled 250 000 o f m on 3 150 level, an aver of 1° la- Then water was cooled by 
ammonia plant to 34° at surface, rising to 41° at 3 150 level in 1.6-inin travel in insulated pipe, and 
22 c f m heated to 61° (138 ton refrigeration) at discharge. Radiator of 340 ft of pipe writh 19 000 
sq ft surface cooled 250 000 c f m 5.5° U (cst as approx 2° tw) from 73° ta- Plant (second-hand) 
cost $17 000 to build and $107 per shift to operate, with increase of $170 output per shift. 

Monntam Con Mine, Butte, Mont (98) has adopt^ A. S. Richardson's new method 
of evaporative cooling of water to a temp about halfway between aud dew-point, 
whereas ordinary cooling in spray towers leaves water 5°-7° above tv of air. Mine is 
damp to dry (but damp to wet without intensive ventilation), in exceptionally cool, dry 
climate. Mean annual temp (1922) at approx 6 000 ft elev, 36.9° F ta; precipitation 
12.8 in; aver temp, Jon 12°, July 62° tj; aver 10° below ta for 4 summer months. 
During warmest part of day, tv is usually 15-.30° lower than Ij, and dew-point 10“-20“ 
lower than tv', dew-point is often below freezing in hottest months. Rock temp gradient 
for Butte mines is probably nearer 1° per 55-60 ft, than per 100 ft as usually stated. 
Rock temp at Mountain Con 3 500-ft level, over 100° F. Ore, copper sulphides in granite 
country rock; veins dipping 70“-90°. Levels, approx 135 ft apart, extend 1 000-2 000 ft 
from a downcast shaf« carrying 120 000 o f m for approx 100 working places. 

Plant (Hg 63); (1) surface plant of fan, low-preos heat abaorber and spray tower; (2) high-preas 
pipe eolumna in shaft, carrying sump water and forming closed circuit from surface to underground 
plants and return; (3) high-press underground heat absorbers on 8 500- and 3 600-ft levels. Shaft 
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Sic 03. Evaporative Cooling System devised fm Butte Mines (99) 
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pip« «<4ttmxia, 1000 gal par min eapao, are SS/g-in atari tabinc, tmted to eitbstand 2 000 Ib par aq in 
with aafety iaotor of 4; branch linaa, 6^ and amallar; all Inaolatad with l.fi in of mineral wool. 
Small pump near aurfaoa overoomea friction in balanced rirouit. In aurfaoe plant, air ia blown 
through an extended awfaoe inpe-coil abaorber, which circulatea aump-water counterourrently; 
the cooled exit air, of aame vapor content aa at entrance, riaea through cooling tower againat heated 
apraya from (a) aame abaorber erila, (b) underground abaorlMra. The latter, using sump water 
piped from cooling tower compriae high-preaa plain coils with closed-circuit spray water, to wash 
the rir and aarist heat transfer; also (3 GOO-ft level), high-press extended-surface coils of special 
design that, for equal capac, require only l/ig aa much excavation as plain coils with sprays. Of 
4 units planned (total capac, 1 200 tons refrigeration), 2 are installed, with shaft piping for four. 
Water was the cooling medium to 1938, but brine or nou-freeaing solutions are contemplated. 
Results have varied with operating conditions and location of working places. The 3 fiOCMevri 
unit lowered of the 14 working placea (to 8 800 level) for which it was installed, an aver of 14” 
(max 30°); in 6 mo, aver temp of 100 working places decreased from 83.7° i„ to 7G.3. geasonri' 
effect being estimated at about 2°, conditioner effect waa about 6° plus. Costs of plant and op»’ating 
coat are low, but have not been revealed. 

Underground refrigeration of liquida, although a logical selection, is used in but one 
plant (Magma). Main advantage over surface cooling of liquids is avoidance of high- 
press pipe and high-press heat absorbers. Main disadvantages tie in provitling condenser 
water and disposing of heat abstracted, which may require as much pipe as surface cooling. 
As liquids cooled at a central plant may be used in one or more semi-portable unite, 
positional eflSc is higher than for cooling air directly. 

Magma Copper Co, Aiiz (99). Mine, in hot, dry climate, is normally damp, but dried 
by intensive ventilation. Mev of 500 level (main-operating adits), 3 050 ft. Mean 
surface 1^, 72.4°; mean 57.4°; mean relative htunidity, 38%. Mean annual precipita¬ 
tion, 18.7 in. Rock temp gradient, 1° per 67 ft; rock temp 140° F at 4 000 ft (lowest 
level in 1939). Deposit, high-grade copper sulphides in a steep-pitching orebody; also, 
small bodies of copper and zinc ore. Method, rill cut-and-fill stoping with raises through, 
before mining, on 105-ft centers; levels 200 ft apart. Advance in depth, aliout 100 ft 
per yr. Main orebody is 1 000-1 500 ft long. Production, 1 300 tons a day with about 
420 men underground on 3 shifts, 200 on largest shift. Of total ventilation of 240 000 
c f m, about 145 000 passes up through main orebody, intaking on bottom levels from 
vert shafts. Initial development is by footwall drifts between shafts in comparatively 
dry rock, with mining off drifts in the vein. 

Plant: 2 vapor units, with a capacity of 140 tons refrigeration each, are installed in a 20 by 62 
by 12-ft chamber on 3 600 level, with space for an additional unit. Rated performance lowers the 
1,0 of 60 000 c f m 12° from 85°, but capac decreases with decrease of exit temp at cooling coils. 
Refrigerant is Carrene No 2 (as at Robinson Deep). Chilled water is pumped through extended- 
surface cooling coils, set in crosscute before 30 OOO-o ( m booster fans; initially placed on 3 600 levd 
near plant and vert above on 3 400 level, but coils can be placed over 1 000 ft below plant if required 
in future. Water condensed on cooling coils keeps them clean. Condensers heat 4()0 gal per min of 
mine water (from distant part of mine on opposite side of orebody) from 90° to 113°; 7 929 ft of 
pipe, mostly 6-in, was required for these lines, with 2 000 ft of return line, insulated in passing 
through the footwall drift to a pipe column in intake shaft on opposite side of orebody; 1 6S0 ft of 
4-in pipe was required for cooling-coil connections. A now return shaft in the banging wall now 
carries the mine pump column, and possible use of future cross-cuts to this shaft for cooling condenser 
water were under consideration. Operation of the plant greatly speeded development and start 
of stoping on the 3 400 and 3 600 levels. Results fur only 4 nio of operation have been reported; 
incondusive, due to large seasonal range of temp in sbaft-etations, stopes and development faces. 
Aver decreases of 7°-8° tui on 3 800 and 3 400 levels, and of l°-2° tu, on 3 200 and 3 000 levsls are 
indicated. Effect on aver slope temp can not be large, as only 43% of ventilation air is cooled not 
more than 10° tu, aver over the year. But, effect of plant will increase with time, and will be 
reinforced by connecting development direct to new return shaft, instead of to intakes. Total cost 
of plant, 186 538, exclusive of fans and crosscuts normally required for ventilation; $24 351 was for 
condenser pipe lines and pump. In May 1930 (C. B. Foraker)HPOwer requirements wore 229 646 
kw-hr, divided about 62-24-14% between compressors, fans, and condenser pumps (to sump on 
3 6(X) level at new shaft); operating cost, exclusive of power, $547. Plant is operated 6 days a 
week. For development of 4 000 level, a 25-ton vapor-refrigeration plant was installed there in 
Jan, 1038, for oon^tioning the air intake of 2 fan-pipe units. 

Use of deveporized compressed-air. One large group of mines on the Rand has 
installed (and on order) a number of special compressors for producing practically dry 
air, which greatly increases coldness of exhaust (to —80“ F) of underground machinery 
without freesing troubl'js. This method has max positional effio, max flexibility in use, 
permits gradual expansion of plant, introduces no new factor into mine operations, and 
the main plant is on surface. Chief objection is cost, estimated to be at least twice that 
of vapor refrigeration. Also, capac is limited unless all machinery underground is con¬ 
verted to oomp-air drive. 
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Aiiglo-Aai«ric«i Cor^n, Band, So Africa (77) had devaporiaing oompresson of 
10 000-20 000 c f m fr«e air capac installed at 6 mines in 1038, and four 20 000-e f m 
on order, a total capac of 108 000. Those on order are elec driven, with over> 
compression and expansion stages built in. Earlier types have separate devaporising 
units, or, in case of steam turbine drive, extra stages mounted on samevshaft. 

Devsporicing method is ehown diagranimatically in Fig 64. Normal comp cur at 00 lb is over^ 
compressed to 130 lb, cooled (in cooler and heat-exchanger). expanded back to normal press and 
32” F, and then restored to normal temp in heat exchanger, where cooling is transferred to over- 
oampressed air before expansion. Water is removed between stages, so that final product is dried 

to moisture content at normal press and 

Over-compressor Rxnanslon turbine Control of temp in expansion 

stage is either automatic or manual. 
For producing similar results at lower 
cost, a regenerative system (100) has 
been prosMsed, but not yet applied. 

Comptrative costs of cooling 
B t u's (87,90). Aver cost by ventila¬ 
tion, where feasible, is 0.00001- 
0.00002^ per Btu. McIntyre esti¬ 
mates cost of piping air from surface 
at about 0.000025f^. With capital 
charge of 10%, and power at per 
kw-hr, comparative costs per Btu 
for fuU-capac operation of cooling 
plants may be osculated from'avail¬ 
able data as approx 0.00018^ for 
Morro Velho (surface plant only), 
0.000134 for Robinson Deep, and 
0.000154 for Magma (without charge 
for pumping condenser water from 
3 600 level). On the same basis, 
the cost of Richardson's system is 
estimated not to exceed 0.000054 
at Butte, though impracticable for most mining districts. Actual costs would be reduced 
by lower power rates and increased by under-capac operation (surface plants). Actual 
coat for Ist-yr operation at Robinson Deep, at less than 1/3 capac (97), was about 0.000194 
on basis of 10% capital charge. Estimates for devaporized comp air are usually 0.0001- 
0 . 00024 , and for free discharge of comp air from nozzle 0.001-0.0024- Minimum for ice, 
ivith ice at 54 per 100 lb, is 0.0034 plus transport; and for liquid air at 1.74 per lb, 0.0084 
plug handling charges. 



Fig 64. Devaporization Method for Comp Air (77) 
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Bieler-Watson elec prospecting method 

lO-A-17 

Big Cr tunnel, procedure 6-24 
Big Jim cyanide plant 28-37, 33-30 
Big Lake oil field, Tex, temperature lO-A-26 
Bilbao, Spain, iron ore 2-22 
Bingham, Utah, chute-gate 10-407 
copper depoeit 2-23 
enriched sone 10-20 
hand loading 10-301 
mine developmenf 10-82 
open-pit mine 10-440 
slU-floor timbering 10-222 
stoping method 10-205 
vert-face stopo 10-208 
Binomial theorem 36-04 
Bins, ore 12-126 el $eq 

removing sticky ore from 16-04 
stresses in 12-131 et seq 
Biram anemometer 14-22 
Bird filter 86-27 
Birmingham, Ala, drifting 10-09 
Bisbee copper deposit 2-23 
giory-huling 10-460 
Mitchell slicing 10-228 
sill timbering 10-210 
square-setting 10-213 
top-slicing 10-316 
trolley locos 11-41 
Bisbee Queen shaft, coat 7-26 
Bismuth flux 1-08 
penalty for 82-06 
source of 2-26 
Bit for shot-boring 9-61 
Bits for cable churn drills 6-10 
detachable 6-08 
diamond-drill 0-46 
drill, in shaft-sinking 7-07 
in tunnels 6-11 
Kind-Chaudron 7-22 
for placer prospecting 9-41 
reek-drill 5-03 et seq 
standard oil-well rig 9-11 
Bit-setting, diamond-drill 0-54 
Bituminoua coal 2-29 

mines, ventilating cost 14r-07 
mining costa 21-36, 21-40, S1 p41 


Bituminous ocal atrip nuning 10-404 
ussB lor 36-02 
joint conference 2240 
ahale 2-30 

State agieementa 26-20 
Black Hills ore depotita 2-25 
Black powder 4-07 
blasting 5-15, 5-18 
chemistry of 4-02 
in coal mines 4-25, 10-516 
magaxine 4r-14 
shipping 4-11 
smoke 23-08 

Black Rock mine, bricked chute 10-400 
Black sands 2- 2b 
Black and white prints 17-11 
Blackdamp, oompoaition 28-06 
detectors 23-20 « 

Blacklisting 22-16 
Blades of mine fans 14-61 
Blake jaw cniaher 28-02, 28-02 
Blasiua-Hikuradse hydraulic curve 28-lt 
Blast in gas producers 40-42 
boles, spacing in quarries 5-26 
Blast-hole chum-drilling 9-43 
Blasting, asbestos mines 10-454 
caps 4^26 

disposal of 4-18 
Chino mine 10-438 
Chuquioamata open-pit 10-462 
clogged chutes 10-406 
in coal mines 10-511 
at Flin Flon open-cut 10-453 
formulas 5-17 
frozen gravel 10-613 
gaseous products of 28-07 
gelatin 4-10 

hydraulic-mine banka 10-663 
machine 4-21 
in coal mines 28—36 
testers 4-30 
in tunnels 5-14 
Marquette Range 10-435 
Mesabi open-pits 10-436 
Morenci open-pit 10-460 
New Cornelia mine 10-448 
powder, black 4-07 
precautions 4-22 
in shafts 7-09 
special purposes 4-22 et eeq 
stumps 3-11 
theory of 6-11 
timbers, top-slicing 10-300 
United Verde open-pit 10-442, 10-446 
Utah Copper mine 10-440 
BUstingrCct in shaft-sinking 7-17 
Blaw-box coal deduster and filter 36-48 
Block method of top-slicing 10-318 
quarry 5-24 
riffle 16—568 

system of stoping 10-168, 10-200 
Block-caving 10-339 el eeq 
subsidence 10-526 
summary 10-369 
BlockhoUng 10-125 
Blocking of square-sets 10-223 
Block P mine, overhand stoping 10-239 
Block-signal systems 16-41 
Blower Una in mines 14-14 
Blowers, displacement 18-02 
pressure 16-40 
ventilation 6-21 
work of 36-12 

Blowing for ventilation 6-21,14-04 
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BlowHiff valve* in lape linM M4S 
Blowpipe aasays SO-OS 
tenting 1-07 el eeq 
Bloebeiiy mine, top^Hoing 10-312 
Blue Channel drift mine, eoraping 10-544 
Bine Diamond gypsum quarry 10-433 
mine, chambering 10-161 
Blueprint paper IT-iO 
Blueatone, nature of 2-28 
Board measure 46-52 
Boat shipments of explosivro 4-10 
Bobs for shaft plumbing 15»17 
Bodenmais copper deposit 2 -23 
Bodie, Cal, hand drifting 10-93 
Bodinson BSfg Co, dragline dredges 10-503 
Boe placer mine 10670 
Boiler horsepower 52-55, 40-16 
settings 40-14 , 

tubes, listed 41—15 
water, purifying 40-20 
Boiler-feed pumps 40-52 
Boilers 40-09 et eeq 
heat transfer in 52-55 
for steam thawing 10-617 
Boiling of domestic water 22-50 
Boiling point, altitude by lT-40 
Boiling points of substances 59-26 
of water 57-06 

Boise Basin, Idaho, dragline dredging 10-606 
Boleo mine, conveyers 10-417 
Bolts, listed 41-20, 41-21 
strength of 45-56 
for wood-work 45-57 
Bond in brick masonry 45-10 
in concrete beams 45-16 
Bond and lease 22-08 
form of 26-07 

Bonding of steel rails 11-15, 16-07 
Bone ash for cupels 50-14 
Bony coal 2-30, 54^415 
disposal of 34-09 

Bonne Terre mine, drift round 10-09 
scaling roof 10-134 
Bonnet, hoistinK-cnge 12-99 
safety-lamp 23—25 
Bonus for safety 23—57 

system for shaft-sinking 7-06 
system of wages 22-06 
Boom, sliding, in tunnelitig 0-23 
Booming 10-641 
stripping by 10-24 
Booster fans 14-00, 14-42, 23-20 
stations on pipe lines 44-26 
Boots of bucket elevators 27—86 
Borates, occurrence of 2-32 
Borax for assaying 60-06 
bead tests 1-09 
sources of 2-33 

Bord-and-pillar coal mining 10-606 
Borehole data, computing 9-68 
pump 16-16 
sampling 9-31, 10-39 
Mesabi 10-63 

Boreholes, estimating tonnage from 10-71 
extracting minerals by ’0-898 
locating 10-36 
pumping through 13-07 
resistivity nieasuremente lO-A-l'd 
for sand filling 10-423 
spacing 10-63 

Boring, deep, in rock 10- 67 .‘t eeq 
Kind-Cbaudron 7-22 
methods, choice of 9-69 
organisation for 10-37 


Boxing, prospecting by 10-34 et uq 
records 10-47 et eeq 

Bor^ and sampling ^actice 10-64 et asa 
Borings before shsittriuking 8-02 
Sort drilUng bit 9-66 
Boryslaw oil field, swabldng dlp^ld 
Boss, volcanic 2-10 

Boston Consol mine, methods 10-371 et eeq 
Boston leveling rod 17-02 
Bottle agitation test 21-16 
Bottom-cut round in shafts 7-09 
Bouche’s formula for pipe lines 88-34 
Boulder blasting 6-20 
quarry 6-24 

Bovdder Co, Coio, gold ores 2-26 
Boulder Dam, cableway 16-48 
Boulders in drift mines 10-509 
in hydrauho mining 10-663 
in shaft-sinking 8-02 
Boundary caving drifts 10-362 
crooked 17—83 

Box elevator, hydraulic mining 10-674 
Boxes for drill cores 10-63 
Box-head type of tramway 16-40 
mono-cable tramways 26-42 
Box-type scraper 27-12 
Bracket, surveying 18-04 
Braden mine, block-caving 10-351 
combined method 10-383 
drift lagging 10-108 
hand stoping 10-120 
pilot raises 10-109 
stoping method 10-131 
Bradford coal breaker 58-06, 66-00 
oil field, water-flooding 44-22, 44' 38 
Brake engine for hoists 12—16 
horsepow or 29—56 
Brakes, hoisting-drum 12-14 
mine-car 11-13 
tramway 25—25 

Brakpan mine, Rand, development 10-90 
Branch pipes, calculation of 36-15 
Branched chutes, block-caving 10-346 
raises, sub-level raving 10-335 
Branch-raiae caving 10^357 
Bratt resuBcitator 25-67 
Brattice cloth for rescue work 25-58 
mining 14-13 

Braun sample grinder 29-07 
Biazilian iron ore 2-22 
Breakage of anthracite 24-81 
Breaker, anthracite, ideal 64-06 
products 64-08 
refuse 54-06 

for flushing 10-610 
rolls, anthracite 84-17 
structures 84—14 
Breaking character of rocks 6-02 
coal at strippings 10-407 
ground in coal mines 10-611 
flat-back stopcs 10-266 
Malayan tin mines 10-526 
in open-cute 10-430 
Rand 10-146 
in slopes 10-124, et eeq 
load 48-02 

parts, jaw-orusher 28-04 
Breast stoping 10-124, 10-183 e( eeq 
Boleo mine 10-417 
Breasting in drift mines 10-507 
Breasts, coal mine 10-481 
Breathing apparatus, portable 2 5 - 88 
oxygen consumed 25-16 
Breccia 2-03, 2-07 
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BneeU fuit ^IS 
finioMi lO-JO 

Brwciatad grouAt Tri-8tsto dirtr, 10-1S7, 
10-141 
Bream*, eoke 
Brick maaonry 4S>10 
from ahale 2-28 
▼arietiea 48-10 

Bricked ehttte. Black Book mine 10-406 
Frood mine 10-804 
KMgo, timber 4O'4 0 
tniaaca 48-88 

Bridgea, etruotural-steel 48-81 
Brigga diaophone 9-67 
gate ST*4B 

mine, underhand aquare^tting 10-210 
Bright, Victoria, dredging 10-698 
Brine wells 10^98 
Bristol plotting device 18-8T 
recording gage 88-88 
Britannia Beach, pa^oU system 88-10 
Britannia mine, deviation of boreholes 9-63 
hand sorting 88—IT 
machine ioading 10-104 
acrapm' loading 6-16 
tunneling 6-17 

Britannia Mia 6s Sm Co, bonus system 88-07 
British coal mining 10-496 
rope drive Ol-OO 
thermal unit SO-dO 
British Columbia, hand sloping 10-126 
mining law 84-88 

Nickel Co, tunneling 6-17, 6-24, 6-26 
placer drilling 9-42 
Broaching of rocks 5-24 
Broken Hill mines, comp-air ventilation, 18-64 
Broken Hill South mine, chutes 10-404 
sbaft-plumbing bucldtt 16-80 
survey spads 18-08 
underhand square-set stope 10-210 
Broken stone, quarrying 5-25 
Brown cyanide tank 81^1T 
hematite ore 2-21 
process paper 17—11 
Brown 6t Mills oxygen apparatus 88-86 
Brown B Sharpe wire gauge 48-06, 48-06 
Brucite, testa for 1-60 
Bmnton magnetometer lO-A-08 
pocket transit lT-06,16-06, 18-18 
samplers 80-06 
sampling shovel 80-07 
Brushing in coal mines 10-474 
Bryant croaahead 12-97 
Buck Mt coal seam, headings in 10-611 el eeq 
BuCkbcard for assay samples 80-08 
Bucket conveyers 87—81 

effic of dragline excavators 10-466 
devatois 87-88 
books 18-94 

Bucket-ladder dredges 10-677 et eeq 
Bttcketa, dredge 10-682 
for elevators 87-88 
for hand windlass 12-67 
hoisting 12-91 et eeq 
for whim hoisting 12-68 
Bncyrus-Armatrong chum drill 9-43 
Bttda-Hnbron well digger 9-08 
Bullelo mine, methods 10-278 
Buggy breast 10-481 
Buhler ahaking-acreen driva 86^ 

Building stoaea, occurrence of 2-28 
Bnildinge, structursl-steel 48-88 
Bulkheads against mud runs 10-626 
for flushing 10-617 


BaUhsada, hydraulie-min* 10-563 
timber 10-228 
BuUard'a Bar dam 10-662 
BttUdosera, excavating with 3-07,6-14 
BnUdoxing chamber 10-293,10-409 
hVesnillo 10-462 
BttUloa, mdUng 3 8 -0 6 
Bunwhsel, oil-well rig 0-10 
Bnlolo, New Guinea, dredging 10-697 
Bnlowat Syndicate undercnrranta 10-670 
Bultfontein diamond mine 10-392 
Bumpers, mine-oar 11-08 
Bumps in coal mines 88-88 
in mines 10-621 
Bunch blasting 6-14 

Bunker Hill B Snllivan, accounts 81-86 et eeq 
carbon consumption 9-66 
diamond drilling 9-69 
filled square-sots 10-209 
shaft, cost 7-24 
trolley locos 11-40 
Bunkers, suspended 12-128, 12-133 
Bunting’s mlea for mine cover 13-03 
Burbank oil field, repressuriug 44-80 
Bureau of Mines eatablished 84-18 
Buried placers 10-635 

valleys, danger from 13-03 
Burma Corp, accounts 81-86 
Burned cut 10-94 
in tunneling 6-08 
Bumettizing of timber 46-33 
Burning point, denned 41-18 
stumps 3-12 
Bums, treatment of 88-64 
Burra Burra mine, raise round 10-114 
sub-level stoping 10-186 
tunneling 6-17 

Burrell methane indicator 83-89 
Burro Mt, N M, churn-drill sampling 10-47 
Burrowing animals as aids in prospecting 10-24 
Burt solar attachment 17-65 
solar compass 17-86 
Business management of mines 20-02 
Bustenari oil mining 44-84 
Butane in mine air 88H)4 
Butte, back filling method 10-244 
boring record 10-49 
Calyx drill in winces 10-122 
copper deposits 2-23 
erecting square-sets 10-226 
extinguishing fires 10-428 
filled rill slope 10-264 
flat-back filled slopes 10-244 
headframes at 1^77 
hoisting guides 12-83 
jackhammer drifting 10-101 
machine loading 10-105, 87-80 
mine car 11-07 
mine mapping 16-86 
mines, cooling 14-68, 14-61 
recovery of caved stope 10-233 
rill stoping 10-205 
shafts, cost 7-25 
shaft-plumbing device 18-17 
sill timbering 10-220 
silver ores 2-25 
sorting chute 10-404 
timber consumed 10-225 
tramming 11-32 
trolley tocos 11-41 
Butterfly chute-gate 10-410 
Butters filter 88-88 
By-product coke ovens 88-84 et eeq 
By-producta of coking 86-88 
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Cab«su del Paeto mine* flUed stope 10-289 
Cable leads underground 8S-2S 
oil-well rig 9-10 
eisee on tramways 28-49 
Cablea, formulas for 29-02 et uq 
twin-caEle tramway 29-88 
Cable-reel locos 16-14 
Cable-tool drilling for oil 9-09 el seq 
rigs, specifications 9-14 
•s rotary drilling 9—24 
Cableways 26-02, 26-44 et eeq 
Ught 29-48 
movable 26—46 
at open-cut mines 10-433 
in placer mining 10-544 
in rock excavation 6-22 
trench 3-11,3-14,3-16 
Cadmium, source of 2-20 
Caesium, source of 2-20 
Cage and skip accidents 23-41 
Cages, hoisting 12-97 et aeq 
passing point of 12-10 
Caging of mine cars 12-46,12-103 
Cain's formulas for bins 12-132 
Caisson disease 18-47 et aeq 
work, N Y laws on 3-14 
Calamine 2-23 

Calamon mine, filled-rill stope 10-273 
Calavens Central drift mine 10-010 
Calaveras Co, Cal, placer mining 10-648 
Calculations, milling 31-16 et eeq 
from sampling 25-18 
Calculus 39-26 ei acq 
Calibrating watt-hr meter 42-82 
Calif, central, dredging in 10-688 
coal mining 10-600 
cost of oil wells 9-36 et eeq 
dragline dn dging 10-600 
dragline placer mining 10-650 
dredge 10- 677 

drift mining 10-607, 10-608, 10-610 
hydraulic mines 10-558 
hydraulic mining 10-552 
Mining Art of 1937 24-13 et eeq 
northern, dredging 10-592 
oil-well core recovery 9—33 
derricks 9-18 
switch 27-80 
Callow flotation cell 81-14 
Calorie 89-80 
Caloriflc value of coal 2-30 
Calorimetera 4fi-46 
Calox drilling mud 9-19 
Calumet & Arizona mine, Mitchell slicing 
10-227 

recovering timber 10-224 
Calumet A Hecla mine, development 10-87 
hoisting speed 12-46 
inclined square-set 10-232 
atulled open stope 10-167 
ventilation 14-06 
Calyx drill in winses 10-121 
tiling 9-61 
Camria-bair belta 41-47 
Camaraa, aerial 17-49 
Caminetti Act 19-652 
Camp buildings. Nor Ontario 10-78 
structures, cost of 29-29, 22-27 
Campbell mine, filled-rill stoping 10-265 et eeq 
Mitchell slicing 10-228 
Campine dist, Bslg, shaft-sinking 8-22 
Canada, mining laws 24-21 et aeq 
smelter settlements 22-14, 22-18 
Canals, design of S9>24 et aeq 


Canals, right of way 24-11 
Canam Metala Cor^ deep-bole hammer drilling 
10-71 

Cananea, timber consumed 10-224 
top-slicing 10-302 
Cansnea Cons ore bin 12-129 
Canaries for detecting carbon monoxide 2S-1T 
in rescue work 23-88 

Candelaria mine, oi>en underhand stope 
10-166 

Candle Cr, Alaska, water thawing 10-619 
Candle power, defined 42-82 
of safety lamps 98-26 
Cantilever beam 43-08 
retaining wall 48-21 
Canvas belts 41-47 
tubing, ventilating with 14-15 
Cap crimpers 4-29 
methane 28-26 

Capac of aerial tramways 29*46 
of anthracite breakers 24-27 
of comp-air pipes 16-14 
of cone crusher 28-09 
of crushing rolls 28-12 
of elec locos 19-12 
elec, units of 42-02 
factor, power, defined 40-04 
of fan-pipe ventilators 14-18 
of gyratory crushers 88-06, 28-06 
of hoisting shafts 10-84 
of jaw crushers 86-4S, 26-04 
of loco batteries 19-14 
of pump 40-28 
reactance 43-14 
of reversible tramways 26—88 
of storage battery 42-36 
of storage-battery locos 19-18 
of tube-mills 88—12 
va effic of boilers 40-09 
Cap-butting square-sets 10-214 
Capell fsn 14-40 
Capital account, mining 20-04 
requirements, estimating 38-28 
Capitalized cost 43-02 
Capote shaft, timber treotment 7-17 
Capping wire rope 12-28 
Cappings and gossans 10-18 
Ceps, blasting 4-12, 4-26 
in square-set stoping 10-198 
Car, determining size of drift 10-92 
dumpe 11-30 
hauls, motor-driven 19-11 
servicing, mechanical loading 27-29 
stops 11-30 

on cagee 12-103 
for tunnel driving 6-20 
unloaders 24-21 

Carbide, yield of acetylene from 23>4M 
Carbon in cyanidation 88-07 
dioxide, effect on lamps 23-46 
in mine air 23-08 
outbursts 28-09,23-10 
phsrsiologicDl effect 23—17 
minerals 2-29 et eeq 
monoxide, detecting 23-30 
effect on caisson disease 18-48 
in flue gas 89-38 
in mine air 23-45, 23-29 
in mine fires 22-61 
physioloipcal effect 22-17 
tetrachloride fire extinguisher 28-38 
Carbonates in rooks 2-02 
Carbons, loss of 9-64 

United Verde mine 10-67 
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Cwborstws ilHU 
Cardok coal Maitor 4-06, SS>4I 
Cara of attudgamating platea M-4IS 
of boiating ropea 12-20 
of lead storage battery 42-20 
of mine-rescue apparatus 22-07 
of transit iT-06 
Cariboo undercurrent 10-S70 
Carload shipmenta of explosives 4-10 
Carnot cycle 20-40 
Camotitei occurrence of 2-27 
tests for 1-50 

Carpenter centrifugal dryer 20-20 
Carr drlU bit 5-03,5-04 
Carriage, drill 6-08 

Montreal mine 0-07 
for cableways 25-44 
mounting of drills 10-05 
tramway 80—10 
for trench drilling 5-28 
Carriers, cableway, spacing of 20-00 
reversible-tramway 86-20 
tramway, transferring 20—20 
twin-cable tramway 20-20 
Carryall scrapers 3-07 
Cars for loading sluices 10- 643 
Malayan tin mines 10-623 
in rock excavation 5-23 
in rock quarries 6-25 
for shipping explosives 4-10 
underground 11-03 tt teq 
Corson Hill mine, square-set shrinkage 10-392 
open-pit mines 10-464 
Cartridges, explosive 4-07, 4-11 
Carts, haulage in 3-00 
in rock excavation 5-23 
Cary A shaft, Wis, guniting 7-20 
Cascade tunnel, advancing 6-07 
Casing, diamond drilling 9-44, 9-51 
oil-wetl, cementing 9-30 
pipe, oil-well 0-25 et »eq 
pumps, oil well 44-10 
strength of 9-29 
troubles, oil-well 9-29 
wash-boring, pulling 9-03 
Caspian mine, top-slicing 10-310 
Cassiterite, occurrence of 2-27 
Cast iron, properties 43-42 
Cast-iron pipe 28-17, 38-10 
listed 41-10 

Casteet diamond bit 9-65 
Cathode and cathions 42-34 
Catskill aqueduct pneumatic abaft 8-14, 8-15, 
8-16 

Causes of accidents in mines 28-37 
of tJ S coal-mine fatalities 82-82 
Caved ground, leakage of air in 14-10 
ventilation 14-00 
stopes, recovery 10-233 
Caving 10-124 

methods of mining 10-297 et zeq 
summary 10-370 
ventilating in 14-21 
sub-level 10-324 tl eeq 
Cavities, rook 2-18 
Cevity-IUed orebodiee 10-11 
Cavour mine, hand sloping 10-126 
Ceag electric lamp 82^47 
Cedar wood, properties 42-81 
Cellulose, composition 2-29 
Cement copper, recovery of 10-399 
Cementation of oil wells, temp survey lO-A-27 
for sbsft-sinkuig 8-23 
Cemented placet fiavd 10-536 


Cementiiig diamond-drill hdea 9-61 
oil-well oaeing 9-30 
Cemente, sources of 2-28 
varieties 42-00 
Cenoxoic rocka 2-18 

Centennial copper mine, development 10-88 
Centennial-Eureka mine, cribs 10-223 
domed slope 10-205 
Center of press, hydraulic 20-00 
Centers of gravity 06^2 et eeq 
Centerville, Idaho, dredging 10-692 
Central Copper mine, development 10-85, 
10-86 

oil-well pumping plants 44-10 
Patricia camp buildings 10-78, 82-20,2^47 
Centrifugal compressors 10>O2 
dryers 00-24 
fan 14-39 
force 30-07 

mine pumps 13-12 et eeq 
automatic 13-19 
pump 40-82 et eeq 
pumps for grave] 10-575 
in mines 10-18 
oil-well 44-12 

Centrifugal-discharge eleva,or 27-22 
Centripetsl force 20-07 
Centroid of forces 26-42 
Cerium, source of 2-26 
Cerro de Pasco mine shaft pocket 12-120 
taping 18-14 

Certificate of claim location 17-20, 17-00 
Chain conveyer, Pittsburgh seam 27-20 
drives 41—11 
equalising hoist by 12-03 
pillars for water protection 13-04 
Chain-bucket conveyers 27-81 
dredges 10-577 «< eeq 
Chain-driven compressors 15-17 
Chains for buckev elevators 27—28 
for elevators, etc 24-84 
on hoisting cages 12-102 
Chairs, landing 12-104 
Chalcocite os evidence of enrichment 10-20 
Chamber blasting 5-17 
workings 10-176 et eeq 
Chambering of blast holes 4- 20 
Champion Coppet Co, accounts 21-20 
Champion mine, bonus system 22-07 
chute-gate 10-411 
filled stupe 10-262 
machine loading 10-104 
raising practice 10-118 
semper mucking in shaft 7--11 
Chance coal-cleaning system 24-10, 24-10, 

so-i; 

Chandler mine, sub-levol caving 10-328, 
10-334 

Change houses 22-81 
Changkol, Malayan 10-621 
Channel sampling 88-11 
Cbannelers, quarry 15-40 
Channeling, quarry 6-24 
Channels, flow of water in 28-17, 20-81 
Chapin mine, filled stupe 10-259 
level intervals 10-326 
shaft-sinking 8-21 

Characteristic curves, centrifugal pumps 40-80 
et eeq 

Characteristics of fans 14-44, 14-60 
of induction motors 48-20 
Charcoal precipitation from cyanide sols 22-09, 
38-84 

testing on 1-08 
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Charge, base, for emdting St-M 
Charges for boulder blaeting A-20 
for churn-drill blasta 6-18 
for coyote blaete 6-19 
for machine-drill blaete 6-14 
for ecorification assay S0>1S 
typical assay SfMW 
Charging blast holes in tunnels 6-12 
deep holes 6-16 
explosives 4-19 

Charleroi shaft, Belg, walling 7-21 
Chas. Snyder sampler M-06 
Check assays S(b>16 

payment of wages by 66-10 
sampling 90-08 
valves for pumps 13-16 
Checking in and out of mines 98-66 
of level notes 17-86 
traverses 17—19 

Check-off at anthracite mines 90-19 
Checks on sampling 96-17 
on surveys 17-91 
Check-sampling placers 96-16 
Chemical elements 87-09 
equivalent, defined 49-84 
Chemicals, prices of 96-94 
Chemistry of cyanidation 88-07, 88-00 
Cherry picker in tunnels 6-19, 97-80 
CbOsy hydraulic formula 88-14 
for ditches 86-96 

Chicago drainage canal cableways 6-22 
Chicken ladders 10-133 
Chicksan mines, Korea, hand drifting 10-93 
hand stoping 10-127 

Chief Consol, deep-bole drilling 5-07,10-09 
drill-hole record 10-62 
shaft, concreting 7-19 
Chile Copper Co, accounts 91-98 
ChUe Exploration Co, chum drilling 10-67 
open-pit mining 10-450 
Chill point 41-19 
Chimneys, cffic of 40-14 
formulas for 89-09 
lead-ore 10-168 
Chinaman chute 10-408 
Chinese measures 41^61 
Chino mine 10-438 
blast-hole drilling 9-44 
churn drilling 10-59 
churn-drill samples 10-46 
prospect drilling 9-42 
stripping estimates 10-470 
Chip eamples of buried outcrop 10-57 
Chip sampling 96-19 

Chltitu Cr, Alaaka, hydraulic mine 10-500 

Chlorination of water 99-99 

Chock mat, Rand 10-148 

Choice of drilla for stoping 10-132 

Choking of oil wells 44-04 

Cholera 99-34 

Chonolith 2-10 

Chord method of plotting 17-19 
Chriatie coal dryer SS-M 
Chrome ores, sale of 89-16 
Chromium in cyanidatK n 89-07 
ores 2-20 

Chrysotile, occurrence of 2-28 
Chuqaicamata, Chile, churn drilling 10-57 
open-pit mining 10-460 
Chum filing 10-37 
Ajo, Aris 10-69 
by hand 6-07, 9-03 
Chnm dr^, cable 6-10 
for proapecting 9-41 el «eg 


Chnm dtOlB, for sampling plaoen 90-8A 
in atopea 10-126 

Chnm-drill blasting 10-442, 10-462 
charges 6-16 
blast holes 9-43 
cable-tool 9-09 el seg 
sampling 10-44 
Chute breast 10-481 

coal loading, automatic 98-69 
loading and tramming from 10-102 
raises 10- 370 
shrinkage atopes 10-276 
square-set slicing 10-307 
timbering 10-240 
for unloading explosives 4-17 
Chute-gates 10-407 et seg 
Miami mine 10-380 
Ray mine 10-378 
Chutes for anthracite 84-64 
from bucket elevators 97-89 
in coal preparation 86-10 
dry-wall 10-253 
Frood mine 10-204 
mining 10-403 et seg 
for ahrinksge stopes 10-275 
sorting 88-16 
spacing of 11-44 
in square-sets 10-212 
stationary 10-416 

Cinderella Cons mine, sand filling 10-424 
Cinnabar, occurrence of 2-26 
poisoning by 96-18 
Cippoletti weir 86-11 
Circle, equations of 86-90 
moment of inertia 86-47 
Circle dist, Alaska, dragline placer mining 
10-549 

Circles, areas of 46-18, 46-80^ 48-96 ei teq 
circumferences of 46-86 et seg, 46-4 8 
geometry of 86-00 
mensuration of 86-18 
Circuit tester for blasting 4-21 
Circular ares, lengths of 46-49 
mil 49-06 
pitch of gears 41-09 
shaft, pocket in 12-121 
shafts 7-02 

Circumferences of circles 46-86 et aeq 
Citizenship, U 8, proof of 86-06 
City Deep mine, hoisting 12-59 
resuing 10-146 
shaft, concreting 7-19 
cost 7-29 

Claim boundaries, rut by outcrop 94-99 et asg 
description of 94-09 
ideal 94-81,94-39 
legal dimensions 17—66 
location, marking 94-18 
lode, locating 94-06 
placer, locating 94-00 
system 94-08 
Claims, dimensions of 94-18 
lode, locating, etc 94-18 
Clamps, wire-rope 12-29 
Clanny safety lamp 28-88 
Claremont tnnnel, procedure 0-23 
Clarifying cyanide sols 83-29 
WBshery water 88-88 
Clarkson loader 97-08 
Class A breaker 84-06 
B breaker 84-07 
C breaker 84-00 

Clasalflcatlon of anthracite preparation methods 

84-08 
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ClMiHIfttoa of anthr«cit« storage plants 
84-te 

of beams M>08 
of blasting gelatins 4-04 
of ooal-flising screens 14-11 
of coals 2-30 

of colliery exidosions U-4S 
of cyanide fe^ 88-lS 
of elec transformers 4>>W 
of explosives 4-04 
of fuel oils 40-41 
of gassy mines S8-S0 
of igneous rocks 2-04 
of internal-comb engines Ht-M 
of mining methods 10-123 
of ore deposits 2-20 
of permissible explosives 4-06 
of placer deposits 10-634 
of pumps 40-30 
of rescue apparatus 38-53 
Classifier efiic, formula 31—10 
on tin dredge 10-027 
Clacsifier-jig tin dredges 10-626 
Clay digger 13-84 

grouting for shaftHsinking 6-24 
puddling, Malaya 10-620 
Clays, classification of 1-60 
nature of 2-28 
residual 10-17 
Clay-working dredges 10-628 
Cleaning of drawings 17-14 
of sampling mills 39-00 
Clean-up of amalgamating plates 38-03 
of dredge sluices 10-687 
of'sluicfs 10-671 

Clearance, air-compressor 11-13, Si^lO 
Clearing 3-11 
Cleat of coal 10-477 
Cleavage of crystals 1-05 
Cleveland Cliffs Iron Co, boring practice 10-62 
platting bureholcB 10-62 
sludge box 10-39 
Climax, Colo, ore occurrence 2-26 
minc.^bloek-caving 10-367 
diamond drilling 9-60 
drift round 10-100 
Clinometer 17-08 
hanging 11-13 

Clinton colliery stripping 10-467 
hematite 2-21 
iron ores 10-18 
boring for 10-34 
mining methods 10-150, 10-170 
prospecting 10-33 
Clip on traction rope 36-18 
Clip-type mono-cable tramway 80-83 
Clogged chutes, loosening 10-406 
Closed tube, testing with 1-08 
Union shop 32-16 

Cloeed-tank timber treatment 10-236 
Closing corners 17-30 
side of traverse 17-83 
Clutches, hoist 12-16 
Coagulation in water treatment 33-39 
Coal, analysis of 2-29 
analytical determinations 33-30 
analyzing 30-30 
blasting in 4-26 
cleaners compared 34-33 
mechanical 34-18 
Commiseion, Federal 31-03 
crushing strength 10-630, 10-631 
cutters, accidents from 38—80 
comp-air 13-40 


Coal outtere, elec 13-13 «t seg 
makers 13-81 
drills, makers 13-31 
dust 33-44 
explosibility of 33-43 
inflammability 33-13 
in mine air 13-13 
geology of 2-29, 2-30 
loading from breakers 84-14 
mines, black powder in 4-25 
British, ventilating cost 14-06 
cffic of air distrib 14-16 
tramming in 11-44 
ventilating 14-17, 14-18 
mining 10-472 et seg 
contracts S3-4W 
costs 31-36 ei seg 
rates 33-30 
preparation S5*4)S ei seg 
prices of 83-34 
sample, crushing S3-4M 
seams, characteristics 2-30 
skips 12-111 
strip mining 10-464 et seg 
by elevating grader 3-16 
testing sieves 31-03 
weight of 33-31 

Coal-burning furnaces 40-13 ei seg 
Coal-dust explosions 38-48 
fatalities 23-34 
preventing 33-4T 
Coal-mine acnidente 38-30 et teg 
explosives 4-06, 4-22 
regulations 83-68 
shafts, cost 7-28 
Coal-mining law, B C 34-34 
lease, Alberta 34-33 
Coal-waabing tables 35-30 et seg 
Coals, heating value of 33-80 
typical analyses 41^11 
vol of gas in 38-09 
Cosilinga oil field, costs 44-17 ^ 

Cobalt, Ont, open-cut mining 10-431 
ore occurrence 2-26 
prospecting at 10-30 
shrinkage stoping 10-277 
ores, assaying 80-13 
sol, tests with 1-09 
sources of 2-26 

Cobb system of coning and quartering S3-6i 
Cobble riffle 10 666 

Cody's Bluff oil field, water-flooding 44-38 
Coeff of .adhesion to rails 11-36, 16-18 
of belt friction 41—04 
of contraction in airways 14-29, 14-30 
of discharge 38-07 
of expansion 89-33 
of friction 36-41, 33—43 
band drives 86-07 
of heat transfer 39-86 
of strength iu beams 43-08 
of traction 11-28 
of tractive resistance 11-27 
Coeur d’Alene distr, cost of diamond drilling 
10-68 

Stull sots 10-233 
wages ••cale 33-06 
mines, hand sorting 88-17 
storage-battery locos 11-30 
ore deposits 2-24, 2-26 
Coffering in sbaft-eiuk'iig 7-21 
Coke, composition of 86-80 
Coked coal dust from explosions 33i>43 
Coking methods and time 33^0 
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Cold cUoutos, faoiiaios in n-u 
Cold Springs mino, boring st 10-08 
reauing 10-246 

Cold-wstor tbswing of grr.vol 10-617 
Cole mine, Mitchell alicing 10-228 
Colemsnite, occurrence of 2-33 
Collapse of mines 28-88 
Collar of shaft 7-12, 7-13 
Colliery exploaions 28-42 el teq 
fires, disastrous 28-42 
tracks, cost of 11-26 
Colombia, dredging in 10-698 
ground-sluicing 10-541 
Color of minerals 1-00 
in water 22-27 

Colorada shaft, pan mucking 7t 11 
Colo, arbitration in 28-18 
dragline placer mining 10-660 
lease royalties 28-09 
ref to mining law 24-18 
typical hoist layout 12-41 
Colorado River aqueduct, mech loading 27-80 
drop-shaft 8-11 
tunnel, concreting 6-24 
round 6-00 
Color-blindnesB 28-22 
Column mounting for drills 10-95, 18-28 
pipes for pumps 13-09 
Columns, concrete 48-18 
Rand 10-148 
mechanics of 44-08 
timber 43-88 

Combination oil-well rig 0-12 
equare-sets 10-214 

Combined mining jiethoda 10-371 et seg 
Combustion data 87-08 

of lamps, effect on air 28-08 
of methane 28-06 
principles of 88-89 el aeq 
proflucts of 39—32 
Commerce 22-15 

Commem, Germ, lead deposits 2-24 
Common law, damage suite under 22-11 
Commutator of generator 42-08 
induction motor 42-82 
Compacting of earth 3-18 
“Company” men 22-02 
unions 22-15 

Compartment hull for dredges 10-681 
Compartments, shaft 7-02 et aeq 
Compass, surveyor’s 17-06 
traverse 17—16 
used underground 18-08 
Compensation funds 22-06 
insurance 28-11, 28-67 
laws 82—11 

Competence of a stream 2-16 
Complementary angles, functions of 26-17 
Composition, circulating from formula 37-08 
of igneous rocks 2-03 
wompound duplex pumps 40-88 
gears 41-03 
interest 86-08 
motor 48-10 

pipes, calculation of 88—16 
steam hoists 12-61 

Compounding test of d-c generator 48-10 
Compounds, boiler 40-20 
industrial, data on 87—04 
Compound-wound elec machine 42-08 
Comp air, hoisting by 12-63 el aeq 
measurement 18-49 
quarrying by 5-24 
for represBuring oil wells 44-20 


Comp air, shaft-sinking by 8-12, 8-lS 
iranamission 18-67 et aeq 
working in 8-14, 16-47 st aeq 
Comp-air drilling, cost 18-18 
locos 11-38 

pipes, friction 18-07 et aeq 
power 16-08 st aeg 
pumps for mines 13-11 
Compressibility of minerals lO-A-38 
Compressing gas, work of 44-04 
Compression, air, heat of 14-66 
of crushed material 10-622 
of mine air, heat of 88-18 
work of 88-08 

Compressor capac for air drills 18-87 
capac, defined 18-02 
manufacturers 16-64 
output, measuring 18-80 
plants for gas 44M17 
Compressors, capac of 89-10 et aeq 
centrifugal 14-43 
cost of 18-28 
makers 16-81 
portable 18-16 
reciprocating 18-18 et aeq 
turbo 18-20 
types of 18-02 
work of 3^*09 et aeq 
CompuMtions, mine-survey 18-22 
stadia survey 17-42 

Comstock lode, cooperative system 22-08 
Comstock mines, atmosphere of 28-13 st 
heat effects 83-16 
Concentrate, corduroy-table 83-04 
Concentrating, cost of 21-24 
Concentration, Malayan tin 10-629 
Concession, mining, Quebec 84-86 
system 24-03 

Concessions, Mexican mining 84-38 
Conchas Dam, tramway 26—38 
Conciliation Service, Federal 22-17 
Concore core-drill 9-08 
Concrete 43-10 et aeg 
arches in mines 10-519 
bins, cost of 12-130 
chute 10-406 
drop-shafts 8-06 
headframes 12-80 
lining of tunnels 6-24 
monolithic column, Rand 10-148 
pancake column, Rand 10-148 
piles 48-09 
pillars 10-135 
pipe 38-20 
placing in shafts 7-20 
stringers for skip track 12-84 
Concrete-block shaft walling 7-21 
Concreting of shafts 7-18 et aeg 
Condenser, elec 42-02 
Condensers, steam 40-18, 40-19 
Conductance, elec, defined 42-08 
factor, airway 14-32 
Conductivity, elec, of steel rails 11-lfi 
heat, of substances 39-84 
Conductor, force on 48-04 
pipe, oil-well 9-24 
Conductors, elec 42-08 
Conduits, elec 42-81 
Cone crusher 88-08 
of friction 86-41 
Cones, mensuration of 88-14 
Conflicts, claim, surveying 17—87 
Confueion of ore samples 22-10 
Congiomerate 2-07 
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Coasiomerat* lod«, nunins metliodB 10-107 
Conco copp«r dcpotita 2-28 
Co«iag«8 oiine, shrinkage stope 10-278 
Conical hoisting drum 12-08 
calculating 12-32 
Coning and quartering 28-09, 29-418 
Connate water 2-19 
Connecting trancdormers 42-27 
Connections for a-c generators 42-10 
ConnelisTitle mine car 11-04 
pillar robbing 10-502 
Consol Coal Co, hoist layout 12-41 
steel headframe 12-70 
tramway 26-81 

Cons Mercur Gold Mines, sub-level caving 
10-337 

Cons Min ds Sm Co of Canada, labor relations 
22-17 

Constant-current cfrcuit 42-08 
Constant-potential circuit 42-08 
Contact bed for sewage disposal 22-82 
minerals 1-11 

Contact-metamorphic orebodics 10-09 
rocks 2-09 

Contactor control of elec hoist 1IM>9 
Containers for samples 20-16 
for shipping explosives 4-11 
Contemporary filling of stopes 10-237, 10-278 
Contingent fees 25-29 
Continuous current, defined 42-02 
flow from oil wells 44-06 
raiing of d-c motor 42-11 
elec locos 16-13 
of elec machine 42-03 
Continuous-discharge elevator 27-82 
Continuous-stave pipe 32-19 
Contour lines, locating 17-41 
on maps 17—16 

Contours on aerial maps 17-64^ 

Contract diamond drilling 10-38 
work 22-06 
Contracted weir 38-09 
Contracting, applicability 22-06 
Contraction in airways 14-30 
loss of head by 32-12 
Con-Tractor drill in gravel 10-66 
Contracts, ore-selling 32-18 
for power machinery 40-46 
Control of air distribution 14-10 
of elec hoists 16—09 rt aeq 
of banging wall 10-164 
of natural ventilation 14-38 
Controllers for elcu loros 16-12 
Contusions, treatment of 23—63 
Convection currents in air 14-30 
of heat 39-36 

Conventional signs, geologio 19-08 
on maps 17-16 
mine workings 19-04 
for riveting 43-47 

Conversion tables of measures 46-49, 46-60 
Converters, synchronous 49-22 e( seg 
Conveyers for anthracite 34-24 
chain-bucket 27—31 
for coal drying 36-28 
in coal mines 27-13, 27-17 
for coal preparation 36-10 
helical 27-84 
motor-driven 16-11 
sorting 22-16 
Conway power shovel 27-28 
in tunnel 6-16, 2-19 
Cooling by air 14-67 
of hot mines 14-64 at mq 


Cooling internal-«omb engines 42^42 
of mine air 22-14 

Cooperative Comm, activities of 22-17 
mining systems 22HW 
Coordinste plotting of traverse 17-11 
Coordinates, computing area from 17-22 
Copper, analyses and properties 27-08 
conductors, capuc 16-04 
dcposiis 2-22 
as elec conductor 42-06 
loss in smelting 82-03 
mines, wages scales 22-06 
mining costs 21-27 etseOi 
ore, leaching 10-399 
ores 2- 22 

assaying 30-11,30-17 
sale of 33-04 
treatment 32-03 
in ores, payment for 32-07, 32-14 
sulph for water treatment 22-28 
wire, resistance of 4'31 
Copper Basin tunnel round 6-09 
Copper Mt, B C, shaft-sinking 7-06 
Copper Queen glory-hole 10-460 
mine, benefit ussou 22-14 
car 11-07 

steam hoLst 12-61. 12-52 
storage-battery locos 11-39 
timber consumed 10- 224 
top-slicing 10-316 
tramming distance 11-44 
Copper Range mine, skip dumping 12-113 
skip track 12-84 
yield 21—20 

Copper-oxide rectifier 42-24 
Coppus mine fan 14-42 
Cord measure 45-62 
plumb-bub 18—06 
Cordeau blasting fuse 4-28 
Corduroy tables 88-04 
Core boxes 10-53 
diamond-drill 10-62 
drills for oil wells 9-32 
loss of d-c generator, testing 42-02 
recovery, diamond-drill 9-66 
rotary drilling 9-33 
sampling 9-31 

and sludge analyses, combining 10-42 
splitter 9-60, 10-54 
of wire ropes 12-20 
Core-barrels, diamond-drill 9-46 
Core-wsU for earth dam 48-23 
Corliss valve on hoist 12-51, 12-60 
Corner set 1&-198 
of square-set timber 10-232 
Comers, lost, relocating 17-83 
Cornish stSping method 10-162 
Cornwall, Pa, iron ore 2-21 
Coronado mine, coinbiiied method 10-384 
inclined top-slicing 10-321 
shrinking stoping 10-2S0 
Correction lines 17-30 
Corrections fur ongle readings 18-10 
Corrugated sheets, listed 41-80, 48-41 
Corundum, occurrence of 2-28 
Cost of air-drill stoping 16-28, 16-82 
air-lift pumping 16-46 
air transport, Bulolo 10-667 
animed haulage 11-34 
animals 11-83 
anthracite breakers 24-87 
basic, of smelting 22-08 
boring 10--34 
branch rtulroads 17-68 
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Cost, breakioc b<nddm 5-20 
oabto-tool rici 0-14 
Calyx driU 0-01 
eamp buildings 10-78 
Campbell mins 10-272 
centrifugal pumps 40-8T, 40-88 
churn drilling 5-10, 9-44,10-A9,10-64 
churn drills 10-68 
ebutce 10-406 
coal cleaning S5-t4 
coal mining 21-88 et Mg 
coal-mine flushing 10-618 
cold-water thawing 10-619 
comp-air equipment 15-87 
concentrating 21—24 
concrete shaft sets 7-18 
concreting shaft 7-19 
copper mining 21-87 st Mg 
coyote blasting 5-10 
custom sampling 89-16 
eyaniding 88-29 et *eq 
DeBeers diamond mines 10-398 
deep-hole hammer drilling 6-07, 10-69 
Detroit Copper Co 10-316 
diamond drilling 0-56 el seg, 10-35, 10-58, 
10-66, 10-67, 10-68 
diamond drills 0-48 
diamond-drill exploration 10-38 
Diesel-elec plants 16-08 
dragline dredges 10-601 
dragline dredging 10-604, 10-605 
dragline placer mining 10-548 et teg 
dredging 10-588, 10-592, 10-605 e( teg 
drift mining 10-609,10-611 
Alaska 10-613 
drilling carbons 9-54 
drop-shafts 8-09 
electric hoists 12-44, 12-45 
loros 19-18 
motors 16-24 et teg 
power 14-02 

power equipment 48-87 et set 
Empire drilling 9-05 
flushing 21-37 
forced drop-shafts 8-17 
fuels, compared 40-02 
gas-compressor plants 44-07 
gas producers 40-48 
jtaaolene hoisting engines 12-56 
gold dredging J 0-592 
gold milling 21-08, 21«418, 21-14, 21—19 
gravity stamping 28-16 
l^ound-sluieing 10-641 
gyratory crushers 25-06 
hoisting 12-69, 12-60 
cages 12-101 
sheaves 12-18 
Bollinger mine 10-250 
Honigmann drop-shafts 8-20 
Horne mine 10-191 
hydraulic mining 10-565, 10-568 et eeg 
stripping 10- 458 
turbines 40-87 

hydro-elec power, Klondike 10-696 
illumination 48-83 
internal-comb engines 40-46 
iron mining 81-64 
Jaw crushers 88-04 
Keystone placer drill 9-42 
Kii^-Chaudron shafts 7-C3 
Klondike dredge 10-596 
ioeding. Hartley mine 10-185 
Mdayan tin dredging 10-638 
mMonty shaft lining 7-21 


Cost, mechnnised Intuminoua mines IMIi 
Miami mine 10-353 
mine development 10-84 
dwellings 88-46 et eeg 
stoppings 14-10 
track 11-26 
ventilation 14-06,14-64 
mining 81-01 et eeg 
comparative 10-428 
mono-cable tramwi^s 86-41 
Morenei open-pit 10-450 
Mt Isa glory-holing 10-463 
moving draidine dredges 10-601 
oil-treating plant 44-84 
oii-well derricks 9-18 
drilling 9-36 et eeg 
equipment 44*17 
oil wells, Okla 9-24 
operating power plants 42-38 
ore bins 12-130 
overcasts 14-14 
pneumatic shafts 8-14 
portable cable-tool rigs 9-15 
power 40-06 et eeg 
prospect eburn drilling 9-41 et seg 
prospecting in Korea 10-32 
Hand gold mines 10-149 
reciprocating steam engines 40-18 
refrigerating plants 14-59 et seg 
repressuring oil wells 44-81 
restting 10-246 
rock channeling 6-24 
roll crushing 86-16 
rope haulage 11-43 
rotary core drilling 0-33 
oil-well drills 9-22 
sand filling 10-424, 10-426 
Hodbarrow mine 10-427 
Matafaambre 10-424 
scraping. N’Kana mine 10-419 
placer gravel 10-540 
shaft-einking 7-23 el set 
in soft ground 8-04 
plant 7-04 
shaft tubbing 7-22 
Sherritt Gordon mine 10-144 
shoveling-in 10-643 
skips 12-115 
slim-hole drilling 9-23 
steam-clec plants 16-08 
steam hoists 12-49, 12-50 
steel headframes 12-75 
sloping 10-186 
storage batteries 48-86 
Stripborer driU 9-08 
stripping placer gravel 10-505 
supplies, Goldfield 81-08 
teet-pitting 10-33 
timber cruising 86-81 
timber preservative treatment 10-236 
tin mining, Nigeria 10-547, 10-676 
8wasiland 10-575 
trammuig 11-45 

tramway equip and operation 86-88 et seg 
transitJ 17—07 
trenching in limestone 5-2S 
Tri-State distr 10-139, 10-140 
trolley wiring 11-26 
tube-miling 88-18 
tunnding 5-05, 6-26 et Mg 
turbine-generator sets 48-lf 
underhand stopinc 10-168 
venUlatinc eumato 14r84 
doom 15-18 
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Coil* TMtiUtiag fua 14-4S 
pipe 14-18 
vagDii roads 1T<48 
wa^-boring d-03 
outfit fi-02 

wster-floodlnK of oil fields 4lpfif 
whim hoisting lfi-58 
winae sinking 10-120, 10-121 
with Calyx drill 10-121, 10-123 
wire rope 12-22, 12-23 
wooden headframes 12-70 
Costeaslng ditches 10-22 
Cost-keeping, mine 20-44 et teg 
Cotton ropes for drives 4h-02 
Cottlombe 42-02 

Coulomb's formula for bins 12-131 
Counter-balance for oil-well pumps 44-14 
Counter-chute coal mining 10-498 
Counter-current decantation 82-12 
Counterfort retaining wall 42-08 
Counterweight hoisting 12-02 
Counting assay 21-22 
cars in tramming 10-363 
County mine inspectors 28-48 
Couples, force 86-31 
Coupling, mine-car 11-08 
for truck cable 2^17 
Courribres colliery erosion 22-42 
Covenants of a mining lease 22-M 
Cover, mine, depth of 13-03 
Covering of frame buildings 42-40 
Coyote blasts 8-18, 8-19 
United Verde 10-443 
Crab-type locos 11-39, 14-14 
Cradle, gold-washing 10-538 
Cramp chain gate 10-411 
Crane loads on trusses 42-82 
solution of forces in 24-40 
Crank and rod, motion of 24-21 
Crawler wagona for earth excavation 3-07 
Creek placen 10-634 
Creighton mine, chute-gate 10-411 
coat of exploration 10-38 
drift round 10-101 
drifting routine 10-106 
filled stopee 10-280 
open-cut 10-433 
raising routine 10-116 
shaft pocket 12-120 
shaft sinking 7-06 
shrinkage stopee 10-289 
Creosoted mine timber 10-238 
Creoaoting of timber 48-22 
Creason mine, leasing in 22-04 
shrinkage stopcs 10-285 
Crests, tramway, locating 24-11 
Crew, diamond-drilling 9-62 
Cribbed chutes 10-403,10-404 
manway 10-279 
raise 14-20 

Cribbing of raism 10-115 
shafts 7-13 

Ctiba, timbered 10-212, 10-223 
Cripple Creek, drifting practice 10-101 
gold depoeits 2-25 
leasing at 22-09 
open overhand atopea 10-165 
storage-battery locos 11-39 
vegetation in 10-24 
Criterion for max moment 42-24 
Critical temp of drill eteri 5-06 
voltage, eleetrolytie 42-04, 4^4S 
Croas-ban for drill mounting 10-96 
Crosscut and beriiolo system, Rand 10-145 


Croaseot 10-08 
sloping method 10-268 
tunnel, development by 10-88 
exploration by 10-76 
CrosacutUng 10-92 et sag 
and drifting data 10-96 
Croaahaada for hoiating buckets 12-47 
for shaft-sinking 7-10 
Cross-over dump 11-30 
Cross-section leveling IT-OT 
paper 17-14 
of raises 10-109, 10-110 
Cross-sections, equations of 26-82 
geological 14-04 
Croton iron mine, ore bin 12-130 
Crow Cr, Alaska, hydraulic mine 10-640 
Crowe de-aeration process 82-24 
Crown Mines car 11-10 
development 10-144, 10-413 
hoisting at 10-37 
bole directors 10-96 
Crowned pulley 41-4T 
Crowning square-set floors 10-223 
Crucible assay 80-07 at eeq 
Cruising, timber 22-21 
Crashers, jaw w gyratory 22-00 
testing 21—10 

Crushing for amalgamation 22-01 
assay samples 24-02 
circuits, formulas 82-20 
of coal 28-07 
for cyanidation 22-10 
graded 28-lS 
ore samples 22-08, 24>42 
plant, purpose of 24-02 
Cryolite, source of 2-26 
Crystal Falls iron distr, boring in 10-01 
Crystal Ridge coal stripping 10-467, 10-48t 
Crystallography 1-02 et eeq 
Cuba, filled stuping 10-251 
Mayari iron mines 10-455 
Cuban iron ore 2-22 
prospecting 9-04 

Mining Co, dragline mining 10-460 
Cube-roots of numbers 42i3g et eeq 
Cubes of numbers 42-20 ef eeq 
Cubic equations 84-07 
measure 48-47 
metric 44-44 
Calm for flushing 10-616 
Culmination of Polaris 17-26 
Culverts 43-28 
Cupels, preparation of 80-14 
Curing of concrete 42-11 
Current for d*c motor 42-11 
elec, units of 42-02 
for induction motors 42-14 
meter, hydraulic 88ii32 
in synchronous motors 42-14 
Curtain chute-gate 10-411 
Curtains, ventilating 14-11 
Curvature function, gravimetric lO-A-08 
Curve resistance of mine oars 11-27 
Carved pipes, loss of head in 22-12 
Curves, elev of rails on 11-18 
equations of 20-22 
gage of track on 11-17 
mine-track 11-17 
in open-pit iron mines 10-436 
' railroad 17-61 
in sluices 10-563 
through tramway towera 24-12 
Cut in drifting rounds 10-94 
gears 41-02 
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Cnt-aad-fill leveling 1V>47 
Btopee, venlilnttng 14^20 
stoping 10-237 et aeg 
Cut’hoies, bluBting 4-23 
Cutting chnnnei eBmplen 
Cutting-out Btope 10-160 
Cuyuna Range, hydraulic atripping 10-468 
open-pit walls 10-527 
top-sliring 10-313 
truck haulage 10-436 
Cyanicides 33-06,33-00 
Cyanidation forinulaa St-81 
testa 31-16 

Cyanide fur assaying 30-08 
consuTnp of 31-18 
poiaoniiig 33-30 
prooi-sa 33—06 el! aeg 
sands for stupe filling 10-422 
Cyanogen, properties of 33-07 
Cycle, steurn-engine 89-16 
Cyclone drill, data 5-10 
dust I'ollector 36—28 
Cylinder, equations of 36-25 
Cylinders, mensuration of 36-13 
Cylindrical bins 12-128, 12' 135 
stresses in 12-135 
chutes 10-404 
shafts, lining 7-17 
Cylindrical-drum hoists 12- 07 
calculating 12-30, 12-31 
Cylindro-conical hoisting drum 12-10 
calculating 12-38 
Cypress wood, properties 43-31 
Cyprus Mines, shait concreting 7-20 


Dacite 2-06 

Dakota drift mine, Mont 10-611 
Dalton colliery rope guides 12-83 
Dalton’s law of gases 39-26 
Daly Judge mine, band stoping 10-126 
Dams 43-22 et ang 
earth-fill 3-18 
hydrauhe-fil) 3-16 
hydrostatic press 33-06 
impounding, Malaya 10-622 
spillway 38-11 
underground 13-05 el seq 
Dan Cr, Alaska, hydraulic mine 10-560 
Danger signs 23-67 
D'Arcy’s formula for comp air 18-08 
d’Arsonval principle 42-07 
Davidson fan 14-40 
Davis-Daly shaft 7-03, 7-08 
cost 7-24 
sinking 7-05 
Davy safety lamp 83-83 
Dawson dist, dredging 10-594 
“ Day’s pay ” men 88-02 
D. C. A E. mine, Mo 10-138 
Dead load in headframes 12-62 
on hoisting rope 12-22 
on truss 43-26 

Deadwood Cr, Alaska, dragline placer mining 
10-549 

De-aerators for boiler water 40-21 
DeBeers diamond mines, practice 10-392 et seq 
Debris dams 10-652 
placer-mining 28-14 
Decaleseent point of Bi.eel 5-Oti 
Decantation, counter-current 83-19 
for testing ores 81-03 
Decay of mine timber 10-235, 48-38 
Decimating ore samples 18-10 


Deck truss 48-28 

Declination lO-A-07 
magnetic 17-17 
solar 17-23,17-88 
Decomposition voltage 42-34, 42-38 
Deductions in smelter settlements 82-11 
Dedusting of coal 35-27 
Deed to mining property 28-06 
Deeds, interpreting 17—20 
Deep boring in rock 10-57 et seq 
mines, air conditioning 39-40 
development 10-86 
shafts, boMtiiig in 12-58 
signal systems 12-89 
Deep-digging dredges 10-588 
Deep-hole blasting 5-15 
hammer drilling 10-68 
Defects in lumber 43—31 
Definite integral 36-27 
Deflected boreholes 9-33 et seq 
Deflection angle 17-19 
for curves 17—62 
of cables 26-04 et seq 
traverse 18-08 
notes 18-22 

Deflectors, hydraulic-mining 10-664 
Dehydration of oil 44-88 
Deidesheimer square-set 10-197, 10-222 
Deister-Overstrom table 35-81 
DeElalb screen scale 31-03 
D, L & W drop-shaft 8- 10 
Delay bbuitiiig caps 4-27 
Delayed drilling ot oil wells 44-83 
filling, shrinkage slopes 10-277 
ot stripes 10 237 
Delays in boring 10-37 
111 diamond drilling 9-53 
in hoisting 12-45 
power-shovel 3-13 
in shaft-sinking 7-05 
Del Monte mining case 24-24 
Demolition tool 18-34 
Dempcey’s plunger feeder 27-38 
Denn shaft, Ari*, cost 7-32 
Density of air 14-25 

changes in airways 14-33 
of high e.xpl(K,ivcs 4-07 
of rocks lO-A-30 
units, conversion 48-46 
Departure 17-80 
Depletion, estimating 25-28 
of mines, law on 24-89 
Deposits, mineral 2-18 et seq 
Depreciation of breakers 84-14 
Depth, dredging 10-588 
of fissure veins 10-14 
for foundations 43-08 
limits for open-pit mining 10-469 
of overburden, measuring by resistivity 
10-A-14 

of shaft, measuring 18-21 
of wells, measuring 9-30 
Derivatives 36-26, 36-27 
Derrick, oil-well rig 9-10 
for shaft-sinking 7-04 
for wash-boring 9-02 
Derricks, diamond-drill 9-50 
loading by 6-22 
at open-ent mines 10-433 
in placer mining 10-644 
for rotary drilling 9-17 et eeq 
Description of claim 24^19 
Design of cantilever wall 48>41 
of ooal breakers 14^8 
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D«d(ii of 3oal^)«anin8 pUnt tS>lS 
of d*ina 48Mis 
of el«Ks power etotion 4S->94 
of hoietiiig oaKre 12-99 et aeq 
of hokting rope 12-25 
of retaining wall 43-40 
of ekipe 12-109 
of atructuree 4S»0S et seq 
of timber bendframee 12-68 
of welded copneetinne 43-30 
Deqiritz hoisting system 12-07 
Detachable drill bite 5-07 
in placer prospecting 9-41 
Detaching hooks 12-116 
Detection of subsidence 10-527 
Detectors^ firedamp 33-20 
Determinative tables for ininernls 1-14 et teq 
Detonating air-gas mixtures 39-33 
fuses 4-28 

Detonrtion-wave 33-44 
Detonators, tunneling 6-13 
Detroit Copper Co. block-caving 10-345 
top-slicing 10-302, 10-314 
Detroit Rock Salt Co. chamber mining 10-149 
Devaporized comp air, ventilating with 14-63 
Development of coal mines 10-472 
of drift mines 10-606 
headframe for 12-69 
lateral, of mines 10-90 
lateral, Rand 10-144 
methods, factors influencing 10-85 
of mines 10-81 et seg 
sehedule, Miami mine 10-352 
Devereauz agitator 33-17 
Deviation of boreholes 9-83 
of hammer-drill holes 10-70 
Dewatering cyanide feed SS-IB 
at Flin Flon 10-453 
screens 38-34 
washed cool 33-33 
Diagram factor of engines 39-13 
for stadia readings 17-44 
Diam of hoisting drum 12-08 
of hoisting sheaves 12-18 
of a particle 31-07 
of pipe 41—13 
of trees 33-83 

Diametral pitch of gears 41^43 
Diamond drill 9-44 et teg 
bits, setting 10-67 
for blasting 10-190 
samples 10-39 
Diamond drilling 9-50 et seg 
Goldfield 31-03 
New Cornelia mine 10-68 
organisation 10-38 
underground 10-35, 10-65 et seg 
mines, DeBcers, 10-392 
mining in open-cut 10-433 
setting in bits 9-54 
track switch 11-22 
Diamonds, Arkansas 10-09 
lost in drill holes 9-61 
occurrence of 2-32 
selection of, for drilling 9-54 
Diatomaceone earth 2-28 
Diatomite, teste for 1-50 
Diatoms os rock-builders 2-09 
Dielectric propertiec of racks lO-A-39 
Diesel cycle 33-18 

indicator cord 40-39 . 
enidne compreeeor drive 10-13 
engines for draglines 10-456 
eogiiws for mines 13-OS 


Diesel power for rotary drills 0-16 
Diet, balanced, for prospectors 10-78 
Differential flotation tests 81-14 
haulage system 10-435 
Diffused Illumination 43-83 
Diffusion of gases 38-07 
Digging, classification of 10-455 
ladder on dredges 10-681 
procedure on dredges 10-584 
Dike 2-09 

Dikes as orebodies 10-09 
Dilution of cyanide pulp 38-18 
of sewage 13-80 
Dimension stons, qusrrying 3-23 
Diorite-porphyry 2-f)0 
Dip of beds, computing 9-68 
needle lO-A-07 
of strata 2-13 
calculating 86-33 
of vein, measuring 10-28 
Dip-fault 2-16 
Dipper dredge 3-17 
shovel, speed of 3-08 

Dipping deposits, breast etoping 10-141 et seg 
Direct-acting hoists 12-17 
speed of 12 -46 
steam hoists 12-51 
Direct current 43-03 
Direct-current generators tt-08 et seg 
motors 43-10 el aeg 
cost 13-80 

for hoisting 12-32, 12-45, 13-08 
Directional drilling 9-33 
Disability, compensation for 33-13 
Disastrous colliery explosions 33-43 
Discharge coeff of air 39-07 
of wafer 38-07 
of gravity stamps 38-14 
head on pump 40-38 
through noszles 10-554 
terminals, tramway 36-30 
of water, measuring 38-39 et seg 
over weirs 88-10 
Discharging cyanide tanka 33-17 
Disconfonnity in rocks 2-16 
Discovery shaft, Calif 84-16 
as source of title 34-04, 34-13, 34-18 
Diseases in mining practice 33-83 
occupational 33—11 
Disinfectants in mine recovery 33-60 
for water 33-39 
Disintegration of concrete 43-11 
Disk clutch for hoists 12-16 
feeder for coal 83-04 
ventilating fan 14-41 
Dislocatiens, treating 33-64 
Diaplacement comi>-air meter 10-48 
ship 48-83 
ventilators 14—43 
Disseminatbd copper oree 2-22 
Distances, by stadia 17-43 
Distilled water for drinking 33-80 
Dietribnting electricity 43-39 et teg 
Dietribntor on dredge 10-585 
Dieturbences of orebodies 10-06 
of rooks 2-11 

Ditches, design of 88-34 et seg 

Ditching in earth 3-15 

Dives Pelican mine, chute-gate 10-407 

Dividends, present value of 43-38 et sag 

Divining rod 10-24 

Division, algebraic 33-08 

Dixon conveyor 37-39 

D. O. Clark coal mlna 10-406 
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l>od(« M«l-stoac« cyitea S4-M 
Dorns, petroliferous 44*4NI 
rook 2-12 

Domed stopes 10-204 
Domini in subudenoo 10-623,10-620 
Door, ventilation 14-10, 14-11 
Doors for buildings 46-41 
leakage through 14-10 
at top of shaft 7-06 
Dorr agitator 86-17 
classifier 66-16 
thickener 66-16,60-10 
traction thickener 60-80 
Dorrco filter 66-41, 66-87 
Double extra strong pipe, listed 41-16 
meridian distance 17-80 
roddcd lines 17-30 
Double-band drilling 6-07 
in 8tnp<>s 10-125 
Double-roll crusher for coni 60-00 
Double-truck mine cars 11-10 
Dowels 46-30 

Draper oxygen apparatus 86-60 
Draft, boilw 40-14 
formulas for 30-00 
gage in ventilation 14-24 
natural 14-34 
Drafting irutrumenta 17-00 
Drag in faults 2-13 

Draidine for coal stripping 10-466,10-468 
design for placer mining 10-649 
dredging 10-600 et seq 
excavators for dredging 10-601 
excavators in open-pits 10-464 
for placer mining 10-647 
scraper 3-10, 3-15, 3-16 
Drainage conveyers 36-83 
ditch in tunnel 6-18 
launder for sand filling 10-423 
levels 13-04 

Malayan tin mines 10-622 
of mines 10-89, 13-02 et aeq 
of open-pit iron mines 10-437 
of placer pita 10-642 
of steam linen 40-88 
tunnels 10-84, 13-10 
Draining aand in atojma 10-423 
Draw in subaidence 10-622, 10-532 
Draw-bar, mine car 11-08 
Drawbar pull of elec locos 16-18 
Draw-cut in raises 10-116 
tunneling 6-08 

Drawing ore, block-caving 10-341 
Humboldt mine 10-386 
Miami mine 10-353, 10-3^ 
in shrinkage slopes 10-276 
papers 17—10 
Dredge, rcsoiling 10-599 
sentionalised 10-598, 10-699 
Dredges, chain-bucket 10-677 et aeg 
deep-digging 10-688 
Dredging depth 86-18 
dragline 10-600 et aeq 
economic factors 10-677 
excavation by 3—17 
ground, thawing 10-617 
operating factors 10-687 
tin, Malaya 10-625 el aeq 
Dreasing smslgomating plates 88>4I 
Drift 10-03 
bolto 46-66 

mines, thawing in 10-416 
mining 10-606 et aeq 
sets 10-162 


Drift sets. Bay mine 10-878 
in square-set stopes 10-220 
top^ieing 10-299 
timbering 10-107 
Drifter drill 10-94, 16-61 at aaq 
in headings 10-101 
in tunneis 6-06 
Drifting 10-92 et aeq 
and crosscutting data 10-96 
powder consumption 10-93 
routine of work 10-106 
Drifts, blasting in 4-23 
boundary-caving 10-352 
exploration by 10-76 
hand drilling in 10-03 
timbered 10-92 
untimbered 10-02 
Drift-alicing 10-299 
Meaabi 10-.306 
Drift-atope 10-160 

amygdaloid mine 10-172 
DriU bits 6-03 et aeq 

(boring) manufaoturera 0-60 
carriage 6-18 

holes in slopes 10-124,10-127 
mountings 6-08 
in headings 10-96, 10-96 
pipe, oil-well 9-27 
rounds in headings 10-96 
sampling S6>10 
sharpeners 16>S6 
steel 6-03 et aeq, 16-48 
tunneling 6-08 
trucks 6-08 

Drill-hole samples, calculating 10-71 et aeq, 
86-19 

Drilling, cable-tool 9-11 
in co^ mines 10-611 
controlled directional 9-33 
exploratory, underground 10-36 
by hand 6-07 
in shafts 7-06 el aeq 
speed in rocks 6-02 
in slopes, terms defined 10-124 
in tunnels 6-08 et aeq 
Drills, choice of, for drifting 10-101 
coal, makers 16-41 
in headings 10-96 
machine, in mines 10-64 
inroisCB 10-109,10-110 
rock 16-89 et aeq 
in atopee 10-128 
tunneling 8-04,6-06,6-11 
Drinking water in mines 83-88 
Drives for anthracite breakers 34-86 
for bucket-ladder dredge 10-682 
for compressors 16-48 
for elec hoists 16-08 
for mine fans 14-42 
Drivapipaa 9-02, 10-24 
oil-well 9-26 

Drive-pipe sampling of gravel 10-^7 
Driving pipe, oil-well 9-11 
shoe 9-28 

ilrop in gravity stamps 88-14 
Drop-bottom cages 12-100, 12-104 
Drop-sbafta 8-06 
forced 8-16 

Drum, hoisting, construction of 12-12 
hoiata, comp-air 16-41 
Drumlommoa minlag case 84^ 

Drumu of beJt-buokbt elevatore 17-48, 87-44 
hoisting 12-07 at aeq 
Dry blowing, proapeeting by 10-32 
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Dry deaBinx of oosl tMl d Md 
dee batteriee 4aMT 
gold-dlTer oree 2-34 
meastire 4b>4T 
plaoere 10-63A 

preparation of anthracite lidM 
rot of timber 4S«n 
aaturated steam >2-14 et «eg 
taUee, ooal-deanine S4>12 
waahins of plaoer gravel 10-S39 
Dry^boae 2-23 
Drjr-eloaet, construction 22-30 
Drying coal ,20-22 
mine air 14-08 
mine clothes 22-21 
aamplee 29-OT 

Dty^wdl etoplng methods 10-252 
Dttckbill conToyera lT-13 
Daektown copper deposit 2-23 
enriched none 10-20 
shaft-sinking 7-05 
“Due-biU" 22-10 
Dnlong, Malayan 10-620 
Dttlong and Petit formula for specific heat 
82-21 

Duluth mine, combined method 10-386 
Dumortierite, origin of 10-21 
Dumping, aerial 20-43 
of hoisting buckets 12-94 el eeq 
skips 12-112 

Dumproom for hydraulic mining 10-562 
Dumps for mine ears 11-30 
sampling 2lb>10 
swell of 25-21 
Dumpy-level 17-08 
Duolmi ezdosive 4-09 
Duplex hoista, air consump 12-54 
pot-valve pumps 40-33 
DuPont coal-cleaning method 34-13 
Extra explosive 4-OS, 4-10 
Duimnd’e rule lor areas 86-13 
Dust, coal, collecting 80-27, 30-28 
masks 23-37 
Duet-diseases 23-18 
Dtttoitspan diamond mine 10-392 
Duty of gravity stamps 28-14 
of horse-drawn plows 3-05 
of labor, see Labor duty 
of mine fans 14-46 et leq 
of power shovels 3-13 
of water lU-541, 10-550 et uq 
Alaska 10-673 
in stripping 10-694 
Dwellings, miners’ 32-33 
Dynamic braking on hoista 12-42 
head on pump 40-28 
Dynamite, burning, fumes from 4-04 
equivalent strengths 6-17 
explosion reactions 4-02 
firing methods compared 6-21 
fumes, physiological effect 38-18 
gaseous products of 38-08 
magaaines 4-13 et seg 
straight 4-06, 4-10 
Dynamometer, elec 42-07 
in oil-well pumping 44-18 


Eagle Mining Co. gssole’ie loco 11-37 
Bntfe Pieher Lead Co, deep-bole hammer 
drilling 10-71 
Baxth augers 9-03 
oomposition of 1-02 
dams 4J-81 


Earth exesvation 3-02 at sag 
pressure 43-18 
shrinkage of 3-05 
Earth-fill dams, compacting 3-18 
Earth-work, blaating for 4-25 
East Gednld oonvoyer 10-417 
cyanide plant 33-22 
Eastman hydraulic bridger 9-34 
whipstock 9-33 

East Mindanao cyaitido plant 33-18, 82-30 
East Rand Prop miuo, refrigerating 14-81 
sand filling 10-422 
Eccantric loading of columns 43-06 
telescopes on transits 18-12 
Economic factors of coal mintng 10-473 
Economics of sorting 28-18 
Economixers, boiler 40-13 
Eddy currents, elec 42-03 
Edison storage battery 42-36 
Edith shaft, Ariz, cost 7-30 
Edwards sine mine, diamond drilling 10-68 
open overhand stoping 10-169 
winsee 10-119 

Effective resist of alt current 42-08 
value of alt current 4tt-lS 
Efllc of air distrib in mines 14-10 
of air-lift pump 13-44 
of a-c generators 42-16 
of boUers SB-87. 40-18 
of combustion 89-84 
of d-c motors 42-12 
elec converters 16-03 
engineering 8<b>ll 
of hoists 12-32 
of hydraulic elevators 10-573 
of induction motors 42-12 
of internal-comb ciiginea 82-18 
mechanical, of engines 82-16 
of mine fana 14-40, 14-53 
mine power plauta 16-4)3 
of mining 30-02 
of pumps 40-28, 40-31 
of stoptoR, Hand 10-147 
of synchronous converter 42-12 
thermal, of engine 86-06, 82-17 
of transformer 48-SB 
of water wheels 41^26 
Eiderlinsky mines, hand stoping 10-127 
Eimce-Finlay loader 27-28 
in drift mine 10-610 
Bisenerz open-cut mine 10-431 
Elastic limit 48-02 
Elbowe, resistance to flow 89-02 
Eldorado Bar hydraulic mine 10-558 
Electric blasting caps 4-26 
blasting in shafts 7-06 
in tunnels 6-14 
wiring for 4-20 

brake for measuring power 60 68 
circuit 48-04 
distribution 42-29 et uq 
dragline dredge 10-604 
drive for compressors 15-18 
firing in coal mines 88-85 
haulage, open-pit iron mines 10-436 
hoists 12-42 e< »eg 
lamps, miners' 18-27 
lighting of mines 1^20, 22-27 
measuring instruments 42-02 et sag 
mine equipment, makers 18-01 
mine loco 18-11 et uq 
power plants 42-24 
power, purchased 15-02 
for rotary drills 9-17 
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SlMtrie pumpa IC-lf 

shock, treatment for C9>44 
signal systems 12-80 tl seg 
transmiasion O>08 e( teq 
tranamiasion lines 10>4M 
Electrical coring of wells 9-66 

geophyaioal methods lO-A-10 et »eq 
ground reaiativity 10~A-12 
prospecting methods lO-A-10 et teq. 
unite 48-^ 

well logging 9-66, 10--A-19 
Electricity, mine acoidetils from 83«4C, 2S-40 
principles 42-4}4 

Electrochemical equivalent 42-34, 42-36 
Electrochemistry 42-34 
Electrode for starting pump 13—16 
Electrolysis in mines Id-CS 
Electromagnetic unite, conversion factors 
10-A 41 

Electromotive force, generating 42-06 
Electroscope, testing by 10-24 
Electrostatic voltmeter 42-07 
Elements, chemical 87-02 

magnetic susceptibility lO-A-33 
Elevations, computing from photos 17—49 
Elevators for nnthrucite 34-24 
rhaiii-buckct 27—32 
dewatering 86-24 
hydraulic 10- 572 el seq 
Malaya 10-626 

mechanical, in placer mining 10-676 
motor-driven 16-11 
Elkoro mines, winr.es 10-120 
Elliott rotary tore drill 0- 33 
Ellipae, equations of 36-21 
geometry of 36-10 
menaur.s.tion of 36-12 
moment of inertia 86-48 
Ellipaoid, mensuration of 36—16 
Elliptical shafts 7-02 
Elm Orlu mine, hoist layout 12-41 
Elm wood, properties 43—31 
Elongation of Polaris 17-26 
£1 Potosl mine, eontract mining 22-06 
diamond drilling 0-54, 9-60, 10-66 
open storing 10-168 
scraping 10-420 

Eisner’s cyanidation equations 88-07 
£1 Tigre mine, hand etoping 10-126 
Elutiiation testing 31-04 
Eluvial placers 10-17 
Ely, Minn, track layout 11-24 
Ely, Itev, churn-drill sampling 10-47 
Embankments, shrinkage in 3-05 
Emery 2-28 
occurrence of 10-21 

Emms Nevada shaft, automatic hoist 12-45 
Empire hydraulic drill 9-06 
mine, gravity plane 10-414 
prospecting drill 9-05 
Zinc Co, deop-hole hammer drilling 10-70 
Employees in anthracite broakera 34-37 
unfair labor practices by 22-16 
Employer reserve account 22-05 
Employers’ liability laws 22-11 
Employment at Trail, B C‘ 22-17 
Emsco combination rig 9-13 
Emulslflcation of oil 44h24 
End lines of claims 24-06, 24-22, 24-26 
reactions of beams 43-03 
Endless-rope haulage 11-43,16-11 
Energy of blasting explosives 5-16 
defined 36-13 
dec, umta of 42-02 


England, coal mining 10-496 10-804 
Engine horsepower 39-04 
plane 11-42 
ateam, for hoisting 12-46 
Engines for pumping oil wells 46>16 
thermodynamics of 89-16 tt aeq 
Englebacb sample grinder 26-07 
Enrichment, sulphide 10-19 
Entropy 39-87 

Entries, coal mine 10-472, 10-474 
Entry borer, McKinlny 9-^8 
Entry, mode of, in mines 10-83 
Eolian placers 10-17 
Efitvfis torsion balance lO-A-03 
Equalizing hoisting effort 12-12 
Equation of continuity 38-06 
Equilateral triangle traverse 17-28 
Equilibrium, conditions of 36-38 et »eq 
Equipment for elec power station 42-84 
prospecting 10-77 
valuation of 2^46 
Equivalent orifice 14-32 
resistance of airways 14-48 
weight 42-34 
Erosion 2-16 

effect on ore enrichment 10-19 
Erratic values in eampling 26-16 
Errors in churn-drill aamples 10-46 
of closure in survey 17-21 
in diamond-drill samples 10-40 
in leveling 17-36 
in surveys 17-18 
taping 17-17 

in transit adjustments 17-07 
in w'att-hr meters 42-32 
Erzberg open-cut mine 10-431 
Escrow agreement 26-07 
Esperanza classifier 32-16 
mine, hand drifting 10-93 
Estate, mining, tax on 24-31 
Estimating prospective ore 26-23 
tonnage from boreholes 10-71 
Ethane in mine air 23-06 
Ethylene glycol in explosives 4-06 
Eureka-Asteroid mine, machine loading 10-104 
sub-level caving 10-331 
Eureka Coal Co, mechanization 27—24 
Eureka mine change house 22-22 
Eureka Standard mine headframe 12-66 
12-67 

storage-battery loco 11-39 
Evaporation, latent heat of 29^6 
mineral deposits 10-16 
from reservoirs 38-38 
Evaporators for boiler water 40-21 
Evasd diacharge of fans 14-46 
Examination of mines 86-02 et aeq 
conduct of 26-28 
outfit for 26-28 
time for 26-29 
Excavating cableways 26-49 
in drop-shafts 8-00 
Excavation of earth 3-02 el aeq 
Excavators, boom 3-08 
in placer mining 10-549 
Excitation of a-c generator 42-17 
Excreta, disposal uf 22-30 
Exhalations, effect on mine air 23-08 
Exbauat ventilating fan 14-14 
ventilation 0-21, 14-04 
Expansion in airways 14-29, 14-30 
coeff of 89-23 

of comp air in motor cylindsr 12-68 
curve, simple engine 6^16 
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BqaiudMi'jointa in oonereta 4S»11 
in pip«*fl St-n 
in nteam lines 40>S1 
of loosened eai’th 3-03 
loss of head by 
work of S9-0S 

Expectancy in block-oavinc 10-340 
Exploitation 10-03 
eoncessioA, Mexican S4>93 
of mines 10-1'23 et sea 
Exploration 10-03 
cost of 10-06 

geoloRical data for 10-06 et seg 
of mineral depoeits 10-76 
purpose of 10-77 
sise of drifts for 10-02 
Exploratory hammer drilling 10-68 
Explosibility of roal dust 38-44 
Explosion experiments 88-44 H atq 
Explosion-proof motors 16-26 e( siq 
Explosions, rollirry 88-43 ct seg 
in compressors, etc 16-SS 
investigation of 38—61 

Explosive eonsump in ruisrs and wiiixcs 10-119 
shaft-biriking 7-00 
mixture of aretylenc 23-06 
of methane 88—06 
in raises 10-110 
ratio of coni Oust 33—46 
in tunnels 6 06. 6-13 
wt per ft of hole 5 13 
Explosives, nceidcnts with 88 - 86 , 83-40 
care of, in storage 4-16 
chemistry of 4 02 
in eoal mines 10- .611, 10-612 
consumption, top-slicing 10-316 
damaged, disposal of 4-18 
ditching by 3-15 
energy of 5-16 
handling 4—17 
in hei'dings 10-96 
ingredients of 4-02 
for shaft-sinking 7-09 
for stoping 10-129 
storage of 4-12 ft teg 
storing underground 88—60 
suhstilules for, in eoal mines 83-86 
transport of 4-10 
Expropriation in Mexico 24-39 
Extraction, bloek-eaviiig 10-340 
Miami mine 10 382 
mill 31-19 

sub-level caving 10-329 
tin in Malaya 10-622 
top-slicing 10-302 

Bxtralateral rignta 84 - 07 , 84-80 el teg 
conflicting 24 r -28 
waiving 84-26 ft »eg 
Extra strong pipe, listed 41-16 


Face-boss, duties of 33-66 
Face conveyers 87-13 
Fsetoring, algebraic 36-03 
Fair Labor Standards Act 88-08 
Fairbanks, buried placers 10-535 
dredging 10-592 
drift mining 10-612 
gold panning 10-538 
sluice box 561 
Falls of rock in metal mines 23-40 
of roof, accidents from 88 - 81 , 83—84 
in abaft, fatalities 83-86 
Falls Cr, Alaska, hydraulic mine 10-650 


False bedrock 10-534 
Fan calculations 14-48 
drive 14-42 

performance 14-44, 14-50 
press at mines 14-03 
signal systems 16-81 
Fan-pipe ventilation 14-14, 14-58 
Fans, auxiliary 88-44 
for boiler draft 40-14 
claflsific.ation of 14-39 
elec-driven 16-81 
selection of 14-50 
ventilating, development 14^30 
leakage in 14-16 
location of 14-08 
Farad 48-08 

Faraday’s laws of electrolysis 48-84 
Fastenings for ropes 12-28 
for timber 43-36, 43-86 
Fatalities in metal mining 10-430 
Fathom 10-147 
Fatigue 48-08 

Faught self-oiling wheel 11-11 
Faults, effect on ore enrichment 10-19 
exumiuution of 19-07 
rock 2-13 ef erg 
solving of 2-14 
Fault-scarp 2-14 
Faure storage battery 48-36 
Fayol mine, Minn, underground glory-hole 
10-157 

Fayol on subsidence 10-520 et eeg, 10-629, 
10-530 

Federal mine-rescue facilities SS-C6 

Min & Sm Co, deep-hole hummer drilling 
10-71 

old-age benefits 88-14 
regulations on ventilation 88-19 
safety investigations 88-68 
uueniployineiit comp law 88-04 
Feed, automatic, on drifters 10-101 
of hammer drills 1^45 
Feeder, elec, calculating 48-30 
Feeders in anthracite breakers 34^5 
for coal preparation 36-03 
for conveyers 87-34 
Feeding of animals 11-33 
of eone crusher 88-10 
of crushing rolls 86-18 
of gravity stamps 88-16 
of gyratory cruabers 88-06 
of jaw crushers 88-04 
Feeds, diamond-drill 9-48 
Feed-water heaters 46-19 
regulator 4(^18 
Feldspar, prices of 83—17 
Felaitic texture in rocks 2-03 
Fencing of pillars 10-249 
Fenzy oxygen apparatus 23-86 
Festiniog slate quarries 10-177 
Field notes, II 8 lands 17-82 
Fierro, N M, open underhand stoping 10-165 
Fighting colliery fit es 83-61 
Filing of mine maps 19-06 
Filled ground, leakage of air in 14-16 
stupe, raising through 10-118 
slopes 10-237 el aeg 
aquare-eetted 10-226 
Filling against subsidence 10- 629 
Champion mine 10-254 
Frood mine 10-204 
Matahambre mine 10-252 
of mines 10-123 
of square-set stopes 10-212 
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WBas BquBTMets, Ooldfi^ UHW 
Btope, Bource of 10-237 
stronsth of 1(MS31 
FUtBriDf cyanide boIb U«40 
of water 

FUten for coal sludge Wi4T 
oomp-air 10^40 
for gas producer 40-4S 
FineBBBS for cyaniding ores SI-ll 
of placer gold 10-636 
Finger cbntea 10-411 
Knk tmsB, analyeis of 4MIS 
Fire bucket 23-68 
extinguishera 23-68 
protection m square-set stopea 10-223 
warning, method of 16-64 
Fire-boas, duty of 28-66 
Fireciay, occurrence of 2-28 
Fire-dam, pneumatic 23-68 
Firedamp, acoidents from 28-34 
composition 23-06 
detectors 23-28 
exploaions, preventing 28-44 
teeting for 23-26 
Fire-doors in minee 14-12, 23-61 
Fire-flgbting equipment 23-60 
organisation 23-61 
Fireproofing of air intakes 14-09 
of mine structures 23-60 
of wood 43-88 
Fires in minee 23-48 et »eq 
mine, gases from 23—11 
accidents from 23-36 
extinguiBhing by sand filling 10-427 
Fire-tube boilers 40-10 
FirewailB, blasting 28-62 
Firing order, tunnel blasting 6-14 
rates of boilers 41^12 
First-aid kite 28-68 
organisation 23-62 
Fiitbite for boring bit 10-68 
Fishing, diamond-drill 9-61 
tools, cable-tool 9-12 
Fisb-i^e joint in timber 48-88 
rail 11-16 

Fiabtail oil-well bit 9-21 
Fiaanre veina 10-12 
examples 10-16 
of gold 2-26 
of silver 2-25 
FUiurea, parallel 10-13 
Fltchsring of drill bits 6-02 6-10 
Fittings, pipe 41-18, 41-17, 41-18 
steam, friction in 40-21 
Fixed-type coal cleaner 84-28 
Fixtnrea, elec-hghting 42-33 
Flame, blowpipe 1-07 
coloration 1-08 
Flash lights in mines 23-27 
point 41—12 
of lub oil 16-26 

Flat-back filled stopea 10-238 et eeq 
overhand etope 10-198 
stope 10-127, 10-160 
Flat-bottom bins 12-126 
Flat coal, disposal of 24-10 
coal seams, mining 10-474 
coal workings, ventilating 14-1S 
ooncrete dam, underground 13-07 
River, Mo, diamond-drilling 10-64 
ropes 12-21 

hoisting with 12-11 
Flattened-strand ropes 12-21 
T'lstt angle of hoisting rope 12-10 


Flenss oxygen nppamtns 23-88 
Flexible wire ropes 12-21 
Flexure of besms 4 8 88 
Flight conveym, eoal proparation 81-10 
for dewatering 8848 

Flin Flon, Manit, activated sludge ^ant 8f-lt 
mine, bunk house 22-88 
scraping 10-419 
aub-levd stoping 10-191 
turbo blower 18-82 
open-cut mine 10-453 
Flirting sqnare-set posts 10-223 
Float ore 10-05 
tracing 10-21 

Float-and-sink teat for coal 28-12 
Floats for stream measurements 20-81 
Flood lighting in mines 88-27 
Flooding mine fires 28-82 
Floor boards, sub-level caving 10-328 
coal mine 10-473 
loads 48-27 

Flooring of buildings 48-41 
Floors in squ^me-sets 10-211 
top-slicing 10-300 
Florida phosphate mining 10-459 
phosphate testing 10-65 
Flotation of coal 38-80 
testing 81-13 et »eq 
Flour for assaying 3(M16 
Floming of mercury 33-03 
Fh>w of air in mines 14-08 
circuits, natural-draft 14-36 
of gases and vapors 36-08 et *eg 
of rock 10-621, 10-633 
treaters for oil 44-84 
of water in channels 88-17 
in pipes 88-12 et teq 
under press 88-09 
Flowing press of oil wells 44-08 
Flowsheets of sampling mills 8^14 et eeg 
Flue gas, capac of chimneys for 3942 
Fluid-packed pumps, oil well 44-15 
Flume dredge 10-577 
Flumes, design of 88-87 
Flume-type dredge, Victoria 10-598 
Fluorescence of minerals 10-25 
Fluorspar in assay charges 80-06 
mining methods 10-280 
sale of 32-17 

Flushing in coal mines 10-516, 34-06 
cost of 31-37 

Flux for cyanide bullion 33-28 
stone, quarr 3 ring 6-26 
Fluxes in smelting ores 82-06 
Flywheel for elec hoisting 16-08 
Fold, rook 2-11 
Folded vernier 17-04 
FoUos, U S Geol Surv 28-04 
Folsom diet. Cal, dredging 10-68S 
Food for prospectors 10-31, 10-78 
Foot-candle 42-32 
Foote’s weir gage 88-32 
Foot wall 10-03 
shafts 10-83 
Fores 36-29 
of exploaivee 5-17 
polygon in truss analysis 48-48 
Forced drop-shafts 8-16 
Foreign money, U S value of 48-88 
Forepoling in tunnels 6-25 
Forest Service ration 10-80 
Forfeiture to claim co-owners 24-18 
of mining claim 84-18 
of mining lease 8846 
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Fom for rtport writing li-M 
for aoinpling rocord M-IO 
for survey computations 1S4S 
Vonnntion, effect on fissures 10-13 
press, oU-weU 9-19 
rock, defined 2-11 
testing in wells 9-31 
Forms for borehole records 10-47 *t teg 
for concrete work 4S»11 
for shaft concreting 7-20 
for smelter settlements 
Formula, calculating from analysis 8T«4IS 
Formulas, hoisting-load 12-30, 12-36 
steam hoists 12-47 
trigonometric S6»17 
Fort Worth Spudder 0-15 
Foundation, batter-boards for 1T>84 
for dams 4S>fi4 
Foundations 43>0T et teg 
Four-cycle engine cards 40>49 
Fractional-shovel sampling 19^413 
Fractions, decimal equivalents 46-lfi, 46-4 4 
of inch in millimeters 46-48 
products of 48-45 
Fractures, bone, treating 83-64 
effect on subsidence 10-626 
Fragmentsi mineral, exam of 1-10 
Frame buildings 43-40 
Frames of bucket elevators 87-83 
Framing shaft sets 7-14 
square-sets 10-213, 10-225 
France, coal-mine fataUtics 83-38, 83-84 
gassy mine regulation 83-80 
Francis water-wheel runner 40-86 
Francois shaft-sinking method 8-23 
Frank, Alberta, landslide 10-527, 10-531 
Franklin mine, drift round 10-101 
hand stoping 10-126 
method 10-389 
raise round 10-113 
shaft pocket 12-121 
Frasch sulphur process 10-401 
Free face in blasting 5-11 
Freeport Sulphur Co, method 10-401 
Freezing in coinp air 16-87 
in cupels 3(^14 

method of shaft-sinking 8-20 el teg 
mixtures 37-08 
of pipe lines 88-84 
Freight on ores 38-08 
Freon refrigerating plant 14-61 
Frequency of alt current 48-13 
of a-c generators 43-16 
of induction motors 43-19 
meter 49-08 

Freenillo, cost of mine track 11-26 
glory-holing 10- 462 
open-cut mine 10-432 
surveying glory-holes 18-86 
winces 10-120 
Fresno scraper 3-08, 3-13 
Frick C & C Co cool bins 12-120 
Friction, air, coeff of 7-03 
of air flow in xniues 14-25 
angle in bins 12-133 
belt 41<4)4 
of ear wheels 11-28 
circle 69-41 
clutch for hoists 12-16 
coeff of 89-48 

in comp-air pipes 18-07 el eeg 
on drop-shafts 8-06 
head in pipes 88-11, 88-18 
in hoisting ropes 12-24 


Filetlaa lasses on tramways St-M 
mschanies of 89-40 et teg 
in mine airways 14-26 et teg 
in pipss 89-11 
rolling, of ears 12-32 
in steam hoiata 12-46 
of steam in pipes 4lh41 
teeta on lubricants 41-18 
of water in pipes 13-08 
Frisco mine, Mez, drift round ' 10-100 
Frood mine, erecting square-sets 10-226 
fire protection 10-223 
raising practice 10-110 
recovering timber 10-224 
sill timbering 10-220 
square-setting 10-200 
steel drift sets 10-108 
stope filling 10-238 
ventilation of roues 10-110 
Frozen coal, thawing 84-18 
gravel, blasting 10-613 
characteristics 10-615 
thawing 10-614 el teg 
muck, stripping 10-594 
placer gravels 10-537 
Frustums, mensuration of 86-14 
Fuel for assay furnace 30-08 
for boring 10-37 
combustion, data on 87-08 
consump of steam locos 11-36 
costs compared 40-08 
heating valuo of 89-80 
prices, competitive 40-08 
Fuels for boilers 4(^10 el eeg 
for gsa producers 40-48 
liquid, heat capac of 8^19 
Fulminate blasting caps 4-26 
Fumes from blasting gelatin 4-04 
Functions of angles 8^16 
Funnel system of timliering 87-19 
Furnace, assay 80-08 
drill-sharpening 18—89 
walls 40-18 
Fuse, blasting 4-12 
for blasting in shafts 7—10 
burning rate of 5- 20 
firing of blasts 4-22 
igniters 4-27 
safety 4-28 

Fusibility of minerals 1-07 
Fusion of crucible assay 80-07 
temperatures 89-88 
Futer's safety stop 12-118 
Fuses, blasting 4-20 


Gabbro 2-06 

Gable-bottom mine car 11-09, 11-11 
Gadder 5-0^8, 5-24 
Gads, breaking ore with 10-146 
Gage line for riveting 48—47 
Gage of rock bits 6-09 
of track 11—17 

Gaining in timber work 43-38 
Gal lO-A-03 

Galena ore depoeits 2-23, 2-24 
under metamorphism 10-21 
Gallia mine, Ruble elevator 10-576 
Gallons, compared 49-47, 46-61 
Gallup American Coal Co, concreting shaft 
7-19 

Galmei 2-23 

Oalvanomster for blasting eirenits 4-21, 4-3C 
Gamma lO-A-07 
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10-2S3 

lO-fiSl 

u-so 


Gkiigiie mhierAto 2-19, 10-06 
Gangway, coal mine 10-672, 10-480 
acta, ateel 10-519 
umbering 10-263 
Gangwaya, dry-wall 
Gantries on dredges 
Garbage, handling of 
Gardner-Denver loader 27a48 
Garnet, occurrence of 2-28, 10-21 
Gas analysis for mines 28*29 
anchors in oil wells 44-16 
as boiler fuel 40—11 
compression of 44-04 
engines at oil wells 44-16 
eiplosions', fatalities from 
fuels, typical analyses 40-11 
indicators in rescue work 
injecting into oil structurse 44r4W 
lease, Alberta 24—82 
masks 23-66 
measuring 
in oil 44-02 


effect on temp 10-A—28 
in oil wells 0-10 
press, natural 44-02 
prices of 26-24 
producers 40-42 
for repressunng oil wells 44-20 
Gas-air engines 40-40 

mixtures, detonating 26-28 
heat capac of 80—16 
Gas-saalysis apparatus 23-68 
Gas-lift in oil wells 44—06 ti seg 
hydraulic pump 44—08 
Gas-locking of oil-weli pumps 44-17 
Gas-oil ratio in wells 44-04 
Gaseous coal mine, ventilation 14-05 
mixtures, weight of 14-25 
Gases from coal-mine explosions 2^46 
from coke ovens 81^84 
diffusion of 23-07 
emanating from strata 28—08 et aeg 
from explosives 4-03 
flow of 89-06 et aeg 
in mine air 14-02 
specific heats of 89-21 
thermodynamics of 89-22 
viscosity of 40-21 
weight of 89-28 
Gash veins 2-24 
Gaskets for column pipes 13-09 
Gasolene assay furnace 80-08 
hoisting engines 12-56 
locos 11-37 

shovels in open-pits 10-454 
Gassy mine 83-20 
Gate feeder for coal 36-08 
Gates for chutes 10-403 et aeg 
for dams 48-26 
as feeders 27-86 
hydrostatic press 88-06 
for suction dredges 3-18 
Gathering locos 11-30,1^-18 
pumps 13-15, 16-16 
Gatun locka, cableways 16-48 
Gauss 42-02 

Gauzes for safety Inmpe 28-28 
Gear reduction for hoista 12-17 
Geared bolats 16-11 
apeed of 12-46 
steam, data on 12-60 
Gearing 41-02 
Gel atrength, mud fluid 0-10 
jGelatin, blasting, fumes from 4-04 


Gelatia method for borehole surveys 9-67 
mine models 19-11 
Gelatins, bluating 4-06, 4-10 
Geldenhuia mine, ropeway 10-416 
Gelez ezploaive 4-08 
Gelobel explosive 4-08 
Gem atones, occurrence 2-32 
Gen Elec Co motora 16-64 et aeg 
General Eng Co regenerating procesa 28-84 
Generators, direct-current 42-08 at aeg 
Geneva mine, drifting routine 10-106 
Geologic mine maps 10-02 et aeg 
Geological data for prospecting 10-06 at aeg 
evidence of ore 10-05 
Geology affecting mine development lO-Sfi 
bearing on mine exams 26-08 
of placer depoeits 10-533 
Geometrical series 86-06 
Geometry, analytical 86-80 et aeg 
plane 86-08 et aeg 
Bohd 86-84 

Geophyeicol method, choice of lO-A-29 
prospecting 10-26 
Georges Creek coal mining 10-483 
Georgia, bauxite in 2-26 
Gerhard's hoisting system 12-07 
Germany, coal-mine fatalitiee 28—82, 28—84 
Giant’s Causeway, rocks at 2-16 ' 

Giants, hydraulic-mining 10-552, 10-554 
discharge by 3-16 
for stacking tailing 10-575 
Gibbs oxygen apparatus 23-66 
Gilbert 48-02 

Gilberton shaft headframe 12-72 
Gilsonite inimng 10-402 
tests for 1—50 

Girders, structural-steel 48-60 
Girts in square-set stoping 10-198 
Glacial strata 2-J 8 
Glaciers, erosion by 2-17 
Glance coal 2-30 
Glass models of mines 19-09 et aeg 
Glassy rocks 2-04 
texture in rocks 2-03 
Glen Alden Coal Co headframe 12-81 
coal mine, unwatcring 15-47 
Glory-hole (surface) mining 10-469 et eeg 
surveying 18-26 
underground 10-167 et aeg 
Glacial drift, prospecting in 10-29 
gravels 10-534 
Gneiss 2-09 
Goof, coal mine 10-506 
Gob ia-237 

coal mino 10-505 

Go-devil for column pipes 13-09, 13-10 
planes 10-414 

Godfrey mine, drift round 10-99 
Gogebic Range, open-pit walls 10-627 
sub-level caving 10-327, et aeg 
trolley loco 11-41 
Gold amalgamation 33-08 et aeg 
distribution in sluices 10-571 
dredging 10-587 et aeg 
fineness va value 86-14 
loss of, in sluices 10-571 
milling, Alaska Treadwell 91—11 
milling, coat of 21-06, 21-08, 21-14, 21-19 
ores 2-24 

spotty, assaying 80-07 
in ores, payment for 82-07, 82-14 
panning, method 31-11 
placer 10-536 
source of 10-533 
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Geld rodccar 10-S38, W-iS 
Gold-MTinK on Buiolo dredsea lO-SOS 
on dradgea 10-fiS4 
OeM BUI hydraulic mine 10-859 
Golden Croaa mine, ore chute 10-415 
Golden Meaaenget mine, level interval 10-91 
opim overhand atoping 10-170 
open underhand atoping 10-154 
acraping 10-420 

Golden Queen mine, alot ayatem 10-390 
Golden Ridged mine, hydraulic atripping 
10-459 

Goldfield Cona Minee, aocounta fil^-04 e( teg 
Ugh-grading at Ifi-M 
leaae royaltiea fi2>^ 
aill timbering 10-219 
Goodman conveyer drivea ITolfi 
loader IT-iO 
acraper hoiata IT-il 

Goodnewa Bay Mining Co, dredging 10-594 
Gopher bleating 6-20 
Gophering 10-132 
Gordon ahaft, Tenn, ainking 7-09 
Gordon’a formula for columna 43-06 
Goaaan 2-22 

Goaaana and cappinga 10-18 
aa evidence of enrichment 10-20 
Gouge, fault 2-14 
Gonnot on aubsidence 10-521 
Governing internal-comb enginea 40-41 
Gov't Gold Mining Areaa, coat of ahafta 7-30 
Band filling 10-422 
Govemora, air-compreasor 16-18 
ateam-engine 40-18 
Grab sampling 38-18,39-08 
Grade of coal mine entries 10-476 
gangways 10-480 
effect of on haulage 11-36 
of gravity plane 11-44 
resistance on track 11-27 
for sluices 10-652, 10-564 
stakes IT—84 

Graded-tonnage estimates on Mesabi 10-74 
Grader, elevating 3-11, 3—13, 3-16 
Graders, earth 3-07 
Gradea in open-pit iron mines 10-435 
Gradient of equal traction 11-27 
of atreama 10-634 
gravimetric lO-A-03 
Grading of high explosives 4-05 
Grahamite 2-31 
testa for 1-50 
Grain of building atone 5-23 
Gram-molecule 43-84 
Granby Cona mine sinking bucket 12-95 
spiral slope 10-160 
Granby mine car 11-06 
Grand Coulee Dam, shot-boring 9-62 
Grand Saline, Tex, salt mining 10-418 
salt dome, temperature lO-A-26 
Grand Trunk Pac RR, rock cuts 5-27 
Granite 2-04 

as building stone 2-28 
Mt shaft, cost 7-32 
Granitoid texture in rocks 2-03 
Grano-diorite 2-04 
Grants, colonial mining 24^-08 
Mexican 84-04 
Granular dynamites 4 -06 
materials, press in 48-80 
GnnvUle Mining Co, ground-elnicing 10-541 
Onphic representation of work 89-08 
ablution of bin atreases 12-134 
of inclined raJaea 18-38 


Graphic tellurium, defined 2-24 
Graphite, ooourrence of 2-31, 10-21 
Grapple dredge 3-18 
Grasa Valley, Cal, air ahaft 7-03 
Grate tifflea 10-667 
Gratea, coal-furnaoe 40-13 
Gravel, aUuvial, test-pitting in 10-28 
beds, resistivity aurvey lO-A-13 
pUcer 10-633, 10-636 
pumps, Malaya 10-624 
pumps fur placer mining 10-675 
Giavel-plaia placera 10-535 
Gravimeter lO-A-03 
readinn lO-A-05 
Gravimetric surveye 10-A -08 
Gravity aerial tramways 34-88 
fields lO-A-03 
loading, top-alieing 10-801 
measurements lO-A-05 
plane 11-41 
underground 10-414 
atampe 38-18 et teg 
Gravity-discharge elevator 17-83 
Graywacke 2-09 
Grease gun for mine cars 11-13 
Great Britain, coal-mine fatali ties 38-33,38-84 
gassy mine regulation 88-80 
Greenland, cryolite from 2-26 
Greenstone 2-07 
Grievance committee 83-30 
Grievances, settlement of 3S-1T 
Grinding for cy anidation 80-11 
of samplca 89-07 
Grindatones, nature of 2-28 
Grip sheave for cableway 36-68 
tramway 39-86 
Grips, tramway 26-18 
OrizzUea 10-212, 38-08 
revolving 87-86 
sorting 88-16 

Grizzly control system 10-364 
drifts, ventUation of 14-03 
elevator 10-674 
fixed-bar, for coal 36-04 
Horne mine 10-190 
levela, ventilating 14-10 
revolving, for coal 80-06 
for undercurrents 10-670 
Ground control of aerial photos 17-51 
Ground Hog mine, square-set sloping 10-207 
Ground movement 10-519 et teg 
resistivity 10-A~12 
Grounding wires 16-06 
Ground-mass 2-03 
Ground-sluicing 10-640,10-541 
of tin 10-621 

Ground-Vater, classified 2-19 
level, lowering 8-03 
Grout, cement 48-09 
Grouting for ahaft-ainking 13-04 
in tunnels 6-26 
Grubbing methods 3-11 
Guatemala, Empire drilling 9-06 
food for prospecting 10-80 
Guibal fan 14-40 
Guide rope in rescue work 38-67 
shoee, sbaft-einking 7-10 
Guides, hoisting 12-82 
in steel headframes 12-78 
in vert shafts 7-14 
Gulch placers 10-534 
Gulf Coast, coat of oil wells 9-40 
oil wells, formation press 9-19 
GuIUford methane detector 33-38 
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OubMt iklpc 12-111 
0«ait« in tuancb 6-25 
Onoited mine stoppiiica 14-10 
Onaltliic of drifta 10-108 
of pillara 10-1S4 
■halt Beta 7-18 
of shaft walla 7-20 
ahrinkaga atopes 10-277 
Gnutar’a chain 48-48 
Gjrpauin mining 10-151 
open-cut mining 10-433 
GyratoiT cruahera 88-04 et ten 

Haber firedamp whistle 23-28 
Haldaaa blackdamp indicator 88-22 
canary cage 28-08 

Balkyn, Wales, machine loading 10-106 
tunnd, coat 6-26 

Hall-Rowe deflected boreholes 9-34 
Halliburton rotary drill 9-17 
Hanuner breaker for coal 88-08 
drills 18-80, 18-82 
care of 16-37 
in shafts 7-06 
speed of 6-09 
instopea 10-127 
drilling, exploratory 10-68 
Hammer-drill bits 6-U3 
Hammonton, Cal, dredging 10-688 
Hancock mine, hoisting guides 12-83 
open sloping 10-174 
Bland rhurn drill 9-04 
drilling 5-07 
in drifts 10-93 
in raises and winzes 10-119 
Rand 10-147 
in 8toi>es 10-125 
level for contouring 17-41 
loading, Mesabi 10-306 
open-cut mines 10-431 
of rock 6-21 
in top-slicing 10-301 
mucking in headings 10-102 
in tunnels 6-19 
picking of coal 35-02 
sampling 22-08 
sharpening of rock bits 6-05 
shoveling 10-103 
in shafts 7-10 
in tunnels 6-15 
sieving, std method 81-04 
sorting Slb>16 rt teq, 88-10 
tramming 11-32 

Boston Consol mine 10-372 
in headings 10-102 
Ray mine 10-376 
windlass 12-57 

Hand-hammer drilling in shafts 7-06 
Hand-held drUl 15-88 
Hand-jigging tests 81-10 
Handley shaft-plumbing bob 18-17 
Handling of explosives 4-17 
ore in breast stoprs 10-134 
in stopes 10-164, 10-173, 10-211 
underhand stopes 10-153 
Hand-loaded conveyers 27 -18 
Hand-picking tests 81-10 
Haad-sampliag mill 22-14 
Hangers for pulley shafts 41-02 
Hangflrea in blasting 28-22 
Hanging bolts, shaft-sinking 7-18, 7-15 
chutes 10-411 
wall 10-03 
control of 10-104 


Hanna Coal Co mine car 11-10 
Hardingo hall-mill 88-12 
Bardneat oi drilling media 9-54 
of minerals 1-06 
of water II-22, 22-29 
Harmonic motion 22-21 
Harold mine, Minn, shaft-raising 7-12 
Hartley Grantham mine, ore in pillara 10-185 
Hartley mine, Kan 10-138 
hoisting bucket 12-93 
poWer-ehovel 10-421 
shoveling 10-134, 10-135 
Baulago accidents 98-84,18-40 
by animals 11-33 
at coal strippings 10-466 
DeBeers mines 10-398 
level, Mesabi 10-302 
Morenci open-pit 10-460 
open-pit iron mines 10-435 
problems 10-89 
rope 16-11 
in tunnels 6-19 
underground 10-89 
Haulage-level trackage 11-26 
Haulagewaye 10-89 
lighting 16-90 

Hatding equipment for earth 3-13 
Haultain super-panner 81-12 
Ebtwaii, public lands 24-06 
Hawley’a assay method 80-10 
Hawser, steel 12-21 
Hazards, coal-mine, rating 28-67 
Hazen-WiiUa'ma hydraulic formula 86-16 
Hazleton aiafcing pumpa 13-13 
Hazleton, stream diversion from mines 13-02 
Head, hydraulic, measuring 86-26 
loss in orifices 88-08 
in pipes 86-11 
Headboard 10-161 
Headframe for shaft-sinking 7-04 
Headframes, design of 12-61 el teq 
Heading method of open stoping 10-155 
Headings, pointing boles in 10-94 
Headline on dredge 10-583 
dredging 10-626 
Headworks for dam 43-25 
Health inaurance, Trail, B C 22-17 
Heat of air compression 14-56 
balance diagram 40-08 
capac of air-gas mixtures 82-12 
of combustion 89-80 
cycles 89-40 
meeh equivalent of 89-20 
rate of fuel-burning plants 40-02 
sources of underground 14-56 
transfer of 82—84 et seq 
in condensers 40-19 
treatment of driU steel 5-06 
underground 14-54 et aeq 
units 86-20 

Heating cyanide solution 88-08 
surface of boilers 86-87 
test of d-o generator 42-10 
value of fuels 26-80 
Heats, specific 86-20 
Heave of fault 2-13 
Heavy liquids 1-07 
solutions 81-12 

for float-sink testa 26-12 
Heavy-duty tmmwaya 26-22 
Hacla mine, recovery of eaved atope 10-284 
storage-battery loco 11-39 
Stull seta 10-233 
Haight of beadframea 12-62 
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Bright«{ mlaB drifts 1(MI8 
of post* in aqwuns^ets 10-218 
of trolley wire 1047 
HoUmI oonvoyete fV>44 

Biniiis, formulae 41411,414tt 
Boll's Kiteban coal strips 10-468 
Baautita, Clinton 2-21 
driftint in 10-94 
pierdnc for 10-24 
proapecting for 10-33 
teat-pitting in 10-23 
BamloA wood, propartiaa 48-81 
Bamocrbaga, traatmant for 28-48 
Beaip hoisting rope 12-19 
rope for drivae 41418 
Bandaraon-Tucker ropeway 10-416 
Handy hydraulic elevator 10-672 
Benry 48-01 

Bar hart miaa, guolena loco 11-37 
Berman mine, open overhand atope' 10-171 
Herringbone aystam of mining, Rand 10-146 
Hexagonal cryatala 1-04 
Heniewood drill tender 0-07 
HibUng-Clilaholm diat, mining methods 
10-306 

Hickory wood, propertiee 48-81 
Hidden Creek mine, aubsidance 10-620 
Hidden Treaaure drift mine 10-607 
High temp, working at 28-14 
Hlgh-gradLag, prevention of 28-22 
Highway boundariee 17-29 
location surveys 17—62 
HiOcreat iron mine, hydraulic stripping 10-468 
Hillman Airplane drill 9-41 
HlUaboro, K H, placer mining 10-648 
Hingad-lHMiy tnine car 11-04 
Hingea for ventilating doors 14-11 
Hirst-Chichagof Co, food supply 10-80 
Hi-Velocity blasting gelatin 4-08 
Hockanamith mine car 11-04 
Hodbarrow mine, sand filling 10-427 
Hoe-type scraper 27-12, 27-28 
Hoist drive, elec 14-48 
engines, shaft-sinking 7-04 
Hoisting, diamond-drill 9-60 
duty, data on 12-29 
elec 16-48 et ttq 
engine calculations 12-46 
engines, examples 12-48, 12—49 
oil-well rig 9-10 
rope, choice of 12-26 
signals 12-84 et teq 
systems 12-02 et leq 
water from mines 13-11 
Hoists, comp-air 18-41 
for scrapers 27-11 
Hole director, for headings 10-96 
in stopes 10-147 
Holes in shaft-sinking 7-09 
HoUinger Cons Mines, accounts 21—18 el eeq 
cyanide plant 88-26, 88-29 
miite, diamond drilling 10-48 
cars 11-32 

filled flat-back stope 10-260 
fire warning 16-64 
shaft-plumbing 16-16 
shrinkage stoping 10-278 
timber treating 10-236 
tramway 26-41 
Hollow-rod cham driU 9-41 
Holmoa-Aldoraea fiiadamp cutoat I8-46 
HolsMa-Balpb gas indicator 2848 
Homostako arina, ehute-gato 10-407 
eyaoiding coat 88-28 

11—87 


Homastaka arina, diamond drilling 9-M 
aloe hmoto 18^ 
framing aquaroaeta 10-288 
houting 12-68 
pennon ssratem 88-16 
raise round 10-113 
Band fiUing 10-428 
shaft, coat 7-26 
shrinkage stoping 10-287 
signal system 12-89 
aill timbering 10-210 
steam hoist 12-61 
atoping method 10-131 
tramming diatanoe 11-44 
Homastaka Mining Co, accounts 21HI8 
Homaatead, U S lands 17-28 
Homeataads on placer daima 86-49, 84-11 
Honigmann drop-shaft method S-17 it sag 
Hook hydraulic gage 88-28 
Hooke's law of stress 48—08 
Hookworm diaoase 88-21 
Hooks, hoisting-bucket 12-04 
Hooiamite gas tester 28-20 
Hoop tension 88-07 
in pipes 88-81 

Hoover Dam, cableway 28-48 
screen scale 81-08 
Ropcalito 88-48 
Hopper, dredge 10-582 
Hopper-bottom bins 12-128 
mine oars 11-06 
Horiz correction, stadia 17-48 
dirsoting tendency, gravimetrio lO-A-08 
Horn, pneumatic, for signaling 88-87 
silver 2-24 

Homo mine, diamond drilling 9-68 
raising routine 10-116 
sand filling 10-421 
sub-level stoping 10-186 
Homfels 2-06, 2-09 
Horn-gap lightning arroater 48-28 
Horae whim 12-67' 

Horaopower 86-08 

boiler, defined 86-26, 49-16 
elec equivalent, 48-01 
indicated 89-04,89-18 
installed in U 8 40-08 
of pumps 40-28 
Horses in faults 2-14 
for underground haulage 11-34 
Hose, air, losses in 18-18 
fire 88-60,88-88 

Hoekins Mound, Tex, aulphur ™n«ng 19-401 
Hospital, mine 88-08 
Hot ground, blasting in 10-444 
mines, cooling 14-64 et eeq 
HotchMee Superdlp lO-A-08 
Hot-well pump diagram 49-88 
Hot-wire elec inatrument 48-07 
House plans for mines 88-24 
Housing in cold climates 28-21 
for fans 14-40 
loana, 'frail, B C 22-17 
Houthaelcn minea, shaft-sinking 8-22 
H-truck train loading 48-27 
Hudson Bay Min & Sm Co, accounts 11-28 
Hughes oil-well bit 9-20 
plunger-lift for oil wella 44-06 
rotary core drill 9-33 
HuU of dredge 10-677 
Humble detaching book 12-116 
salt dome, temperature lO-A-26 
Humboldt Baaia, IVav, resistivity survey 
lO-A-14 
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Humbpldt mine, block>oevinK 10-341, 10-345 
combined method 10-384 
inclined top-slicing 10-322 
machine loading 10-103 
Humidity of air 15»27, S8>02 
effect on dust explosions 33-45 
of mine air 38-13, 33-14 
Hungarian gold ores 2-25 
riffle 10 -565 
on dredges 10-586 
Hunt undercut gate 37-33 
Hunting of synchronous motors 43-18 
tooth of gear 41-03 
Huahiiv 10-541 
stripping by 10-24 

Hyatt-Hokensmith wheel beatings 11-28 
Hydar, Alaska, long tramway 36-33 
Hydraulic air compression 18—33 
brake for measuring jjower 40-43 
blasting 88-38 
calculations, factors for 38-43 
compressors 18-03 
dredge 3-18 
elevators 1Q~S72 etseq 
gradient 38—11 
measurements 38-33 rl seg 
mines, U. S, data 10-557, 10-568 
mining 10-550 rt seg 
Malaya JO-625 
press 38-08 

prrmpecting 10-23, 10-30 
pump fur oil wells 44—13 
radius 38-14, 38-24 
recording gage S8-3B 
stripping 10-24, 10-458 
Hydraulicking 3-16, 10-.560 et scq 
H ydraulic-mine riffles 10-5C8 
Hydraulics 88-03 ft seg 
Hydril rotary drill 0-17 
Hydrodynamics 88-07 et seg 
Hydro-elec plant, life of 40-07 
Hydrofluoric acid for borehole surveys 9-66 
Hydrogen, density of 39-22 
in mine air 23-06 
sulphide in mine air 33-d8, 23-11 
physiological effect 23—18 
Hydrograph, use of 38-33 
Hydrographic surveying 17-84 
Hydromechanics 38-02 
Hydro-separator for coal 38-17 
Hydrostatics 38-04 e/ seg 
Hydros coal blaster 23-38 
Hygrometers 23-03 
Hyperbola, equations of 38-31 
geometry of 86—10 
Hysteresis 43-03 


I-beams, standard, listed 43—43 
Ibex mine, framing sqinire-setii 16-225 
Ice for cooling mines 14-,58 
wall for shilft-sinking 8-20 
Idaho, oast of mine track 11-26 
dragline, dredging 10-606 
hydraulic mine 10 559 
ref to mining law 34-lS 
Idaho-Maryiand.labor case 23-18 
mines, raising routine 10-116 
shot-boring 9-62 
un watering 18-47 

Idaho Mining Co, Alaska, drif' mining 10-^13 
Identification of samples 10-21 
Idlors for bucket-ladder dredge 10-582 
Ignoous rocks 2-03 et seg 


Igneous rocks, forms of 2-09 
minerals of 1-10, 2-02 
Igniters for blasting 6-14 
Ignition of firedamp 33-43 
of gas, defined 33-44 
for internal-comb engines 40-41 
temp of 89-33 
of methane 33-06 
Ilgner motor-generator set 43-13 
Ugner-Ward Leonard hoist control 12-42, 
12-43 

Illinois coal mines, blasting 10-616 
trolley loros 11-40 
coal mining 10-400 
data 21—86 

loiiRwall mining 10-507 
Illumination, elec 48-33 

for underground surveying 13>48 
Ilmenite, source of 2-27 
Impact 43-08 
stresses on structures 43-37 
Imperial Cbem Ind, trumivny 36-43 
Impinger dust tester 23—19 
Impulse 86-89 

steam turbines 40-18 
water wheels 40-23, 40-34 
Impurities in anthrnrite 84-03 
in mine air 14-02, 33—08 et seg 
peimissible limits 23—30 
sources of 23-07 et seg 
in smelting ores 82-06 
ill water 23-27 

Inaccessibte distance, measuring 17-38 
Inca Placers, merhcils 10-647 
Incandescent lamps 43-33 
lights in mines 23-27, 23—80 
Inch-day, placer mining 10-554 
Inclination 10 A-07 
of raises 10 110 
Inclined cable Mays 26—49 
ehutes fur niithiiieite 34-24 
eut-aiid-fill st(<pes 16-262 
raises, graphic solution 18-28 
shaft, iirojceling oririiiilh in 18-38 
shafts, bucket dumps 12-95 
choice of 10-83 
mucking in 7 -10 
skip dumping 12-112 
sights with smciiu 17-41 
square-sets 16-232 
top-slicing 10 299, 10-321 et eeg 
working places, ventilating 14-17 
Inclined-shaft pockets 12-120 
sets 7-16 
skips 12-107 

Inclines, Malayan tin mines 10-624 
Inclosed type of motor 43-11 
Income tax, Manitoba 34-34 
Index to mineral determinations 1-51 
Indian Copper Corp, tramway 38-41 
Indiana coal mine, cooperative system 33-08 
coal mining 10-493 
Indicated horsepower 83-04, 89-18 
Induced-current prospecting methods 10- A-16 
Induction generators 43—18 

motor for hoisting 12-32, 12-42, 12 43 
18-08 

moUirs 43—19 et sea 
cost 16-34 et stg 

Induction-type elec instruments 43-07 
Inductive reactance 43-13 
Industrial compounds 37-4)4 
tramways 36-43 
Inertia, angle of, mine cars 11-27 
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Inertia of hoFatisg druma 12-18 
mine-ear 11-27 
moment of S8>i<4l«( uq 
product of 8ft>48 
of tramwajw SV-Si 
Inflammable Umita of methane IS-OT 
Inflammation of gaa miatmea S8-44 
Inflection, point of 86-28 
Inflow of mine water, preventing 13-02 
Inhalation of air 28-08 
Injection int-comb engine 40-40 
Injectora, comp-air 14-43 
Injnriea, compensable 88-11 
in metal mining 10-430 
Inland Steel Co, top-alicing 10-313 
Inleta, ventilating 14- 30 
Inmachucfc River, Alaaka, elevator work 
10-574 

Inqnarting of cupel beads 80-18 
Inserted-tooth gears 41-08 
Inspection of lumber 43-31 
of mines 28-68, 28-87 
Inspiration mine, block-caving 10-354 
boring 10-68 
cage 12—105 
car dump 11-31 
chute-gate 10-410 
jackhammer drifting 10-99 
ore bin 12- 129 
ore skip 12-100, 12-110 
skip loading 12-122 
timber treating 10-236 
Installing d-c machines 48-09 
induction motor 48-20 
watt-hr meters 42-32 
Instalments, principles of 38-08 
Instantaneous axis of rotation 88-84 
inst Min A Met screens 81-08 
Insulation of dwellings 88-28 
dec 48-08 
of steam pipes 40-22 
teat of d-c generator 42-10 
of underground wires 10-06 
Insulator, elec 42-08 
Insulators, transmission-line 42-80 
Insurance of oompen liability 28-11 
Intake for air compressors 18-24 
wells for repressuring 44-80 
Intakes, mine-air 14-08 
Integrals 88-27,86-28 
Integrating wattmeter 48-81 
Intensity of illumination 48-88 
Intercepts, solution of 86-88 
Intercoolers, comp-air 18-19 
Interest on money 48-88 et aeq 
in ore settlements 88-08 
principles of 36-07 

Intermittent flow of oil wells 44-08 et seg 
rating of d-c motor 48-11 
of elec machine 48-03 
Internal-comb engines 40-89 et aeq 
gases from 93—11 
thormodynamii's of 39-17 et eeq 
power plant, life of 40-07 
Internat Nickel Co, elec hoists 12-44 
sill timbering 10-220 
Internat tin control 10-620 
Interpole generator 48-09 
Interpretation of borehole data 10-38 
Intersection, locating points by 17-48 
ICC rules on shipping explosives 4-10 
Interval between mine levels 10-90 
Intralimltal rights S4-0T 
Intrusive volcanic sbeets 2-10 


Innndatlona of mines 28-12 
Invar steel tapes 17-02 
Inverted arch set 8-22 
draw-cut 10-102 
Invested capital, tax on 24-20 
Iodide method for antimony 20-20 
for copper 2(^17 
Iridium, assay for 80-16 
Iron as elec conductor 48-08, 48-08 
mines, top-slicing 10-302 et aeq 
mining costs 81-34 

Iron Mt, Idaho, pruspector'a provisioTw 10-80 
Iron ore, Lake Superior, sampling 9-43 
ores 2-20 et aeq 

analytical determinations 28-29 
residual 10-17 
sale of 88-19 

Iron Ranges, open-out mining 10-434 
Iron River diet, top-slicing 10-309 
Iron Silvot-Elgin case 94-99 
Ironwood, Mich, shaft-sinking 7-06 
subsidence 10-627 
Iroquois iron mine, milling 10-461 
Irregular areas 86-18 
Irrigation with sewage 88-81 
Ishpeming, Mich, cribbed chutes 10-404 
Isogonic lines 17-17 
Isolation of explosive magaxinos 4-11 
Isometric crystals 1-03 
Isothermal expansion, work of 89-08 


Jackhammer for blasting frosen gravel 10-613 
drilling. Hand 10-147 
mounting 10-140 
Jackhammers 10-94 
in drifts 10-99 
in headings 10-101 
in stopis 10-127 
Japanese measures 48-81 
Jaw crusher 28-09 et aeq 
for assay samples 30-02 
Jaw va gyratory crushers 28^6 
Jeffrey Aerovane 14-42 
chain-flight conveyer 27—14 
fan 14-40 
loaders 27-08 

Jerome, Ariz, concreting shaft 7-19 
extinguishing fires 10-428 
Jet steam condenser 40-18 
Jetting around drop-shaft 8-06 
Jewel Ridge Coal Co, mechanization 87—84 
Jig-back tramways 88-36 et aeq 
Jigs in anthracite preparation 34-08 
coal-rleanii|g 34—18 
on dredges 10-587 
in gold mills 33-04 
on tin dredges 10-627, 10-628 
Jim Crow rail bonder 11-17 
Jockeying with assays 89-13 
Johnson concentrator 38-04 
Johnston formation tester 9-31 
Joints, air-pipe 18-07 
for drift sets 10-108 
in rock quarrying 6-23 
in rocks 2-16 

in square-eet timbers 10-214 et aeq 
in steel rails 11-15, 11-16 
timber 43-30 
Jolly balance 1-06 

Jones ft Hammond pumping jack 44-10 
Jones rifiBe ssmplor 98-08, 99-47, 30-08 
Joosten shaft-sinking method 8-24 
Joplin distr, stoping method 10-130 
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Joplb dlttr,' h<Hstfng bucket 12-42 
minM, (Molepe locoa 11-38 
Je^in-typ* headfniiiM 12-S8 
Jordan inm mine, milling 10-461 
Joaie mine, B C, diamond drilling 10-65 
Joolo 42-02 

Jonlo'a oqoiTalent of work 22-02 
Joomal friction on mine cars 11-27 
Joy belt conveyers 27-12 
loaders 27-02 

Judge mine, top-slicing 10-319 
Jumbo drill carriage 6-08 
Jumper drills in stopee 10-126 
Junctioa mine, drift round 10-101 
Mitchell slicing 10-228 
raise round 10-114 
stations, tramway 26-27, 26-21 


Kalgoorlle gold ores 2-25 

mines, comp-air ventilation 15-54 
filled rill stops 10-262 
shrinkage stops 10-275 
Kansas, cost of oil wells 9-30 et teg 
Kaolin, mining through boreholes 10-402 
occurrence of 2-28 
w«pi«ii water-wheel runner 40-12 
Kata thermometer 22-04 
Kathleen coal mine, mechanised 27-22 
Kearaarge lode, development 10-88 
open sloping 10-172, 10-176 
Keating chute 10-411 
Keg funds 22-12 
Kelly on rotary rigs 9-16 
Kennecott Copper Corp, accounts 21—22 
mine, diamond drilling 0-60 
shrinkage sloping 10-286 
Kennett Dam, shot-boring 0-63 
Keokuk Falla oil field practice 44-02 
Kerber Cr tunnel 6-15, 6-27 
KewaeiMw Peninsula, mining methods 
10-167, 10-172 
Keystone placer drill 9-42 
U^-back dump 11-30 
Kick-off valves in oil wells 44-07 
Kidder pneumatic shaft 8-15 
FUeaerite, tests for 1-50 
Kiln dryers for coal 30-29 
Kiln-drying of lumber 42-21 
Kilovolt-ampere 42-14 
Kilowatt 42-02 
Kilowatt-hour 42-02 
Kimberley diamond mines 10-392 
hoisting speed 12 -46 
Kimberley-type skip 12-111 
Kind-Chaudron shaft-sinking 7-22 
Kinematic viscosity 28-03, 22-04 
KinematicB 26-49 et eeq 
Kinetic energy 20-52 

King (asbestoe) mine, block-caving 10-340, 
10-359 

open-cut 10-454 
car-passer 27-29 

mine, Aris, shrinkage sloping 10-280 
Kinebach whipstock 9-S4 
Kirby grouting method 13-04 
Kircbhore laws 42-04 
for a-o circuits 42-14 

Kirl^nd Lake, Ont, equare-eet et^ping 10-206 
Kituna borehole surve^ng 0-68 
iron deposit 2-20, 2-22, tO-08 
Kleodike, elluvial deposits 10-533 
hydraulie mining 10-551 
River, dredging 10-504 


KMA oil flold. Tea, cost of wells 0-35 
Knoa bleating syatam 5-24 
Conaol Coal Co, meobanisation 27-62 
Kobo pump for oil wells 44-42 
Kobolite diamond bit 9-55 
Koehler aafety lamp 22-26 
Koepe hoiatlng ayatam 12-03 
Kolar gold minea, refrigerating 14-61 
rock-bursts 22-64 
Konimeter dual teater 22-16 
Koppors-Birtley dedoating ^atom 2648 
Koppors coke oven 26-26 
Koppera Llewellyn coal washer 26-10 
Koppar-Warlng dust collector 22-M 
Korea, hand etoping 10-127 
prospecting in 10-32 
resoUing by dredge 10-690 
Kutter’i formula for aluicea 10-565 
Kyanite, origin of 10-21 
Kyanizing of timber 46-32 


Labor, annual, on claims 24-07 

distribution in headings 10-96 
in raises 10-110 

duty, Alaska Gastineau mine 10-295 
Alaska Juneau mine 10-294 
Alaska Treadwell open-pit 10-460 
auger drilling 0-04 
Beatson mine 10-292 
block caving, Morenci 10-346 
Block P mine 10-241 
Boleo copper mine 10-417 
brick laying 46-10 
Carson Hill opcn-cut 10-454 
Champion mine 10-258 
Chuquicamata, Chile 10-462 
coal mining 21—26 
cold-water thawing 10-018 
concrete work 42-12 
Copper Queen open-pit 10-460 
Coronado mine 10-322 
deep-hole hammer drilling 10-69 
Detroit Copper Co 10-315 
dragline placer mining 10-640, 10-560 
drifting and crosscutting 10-96 et eeg 
drift mining 10-611 
dry washing of gold 10-540 
Edwards sine mine 10-169 
Empire drilling 9-06 
erecting square-sets 10-225 
framing square-sets 10-225 
Fresnillo open-cut 10-463 
gold dredging 10-592 
gold panning 10-537 
gold rocking 10-639 
ground-sluicing 10-541, 10-542 
hand drifting 10-03 
hand drilling 5-07, 10-125 
hand loading gypsum 10-433 
hand loading of rock 6-21 
hand picking coal 8642, SIMIS 
hand picking of earth 3-45 
hand shoveling 3-06, 11-02,11-03,11-82 
hand sorting 26-17 
hand sloping 10-126 
hand tramming 11-32 
hoisting by windlass 12-57 
hydraulic mining 10-568, 10-575 
Iron River diet 10-310 
Kimberley open-pite 10-434 
loading and tramming shale 10-464 
machine sloping 10-128 et eeg 
Malayan tin mines 10-623 
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Labor duty, mecbaaiiod ooal minim IT-tl tt 

Mmabi Range 10-305 
Mt Hope mine 10-283 
Mt lea mine 10-196 
muoldag in ehafte 7-10 
mucking and tramming 10-102 
New Cornelia mine 10-440 
New Idria open-cut 10-464 
Norton cool mine, W Va 10-611 
plug-hole drilling 6-24 
radial elidng 10-336 
raising 10-110 el eeq 
raising and winsing 10-110 
Rand mining 10-147 
scraping. Mesabi mines 10-410 
scraping, Rand mines 10-421 
scraping, Tri-State dist 10-418 
shaft-sinkinK 7-06, 7-27 
Shiras open-pit 10-466 
shoveling into shaking chute 10-416 
shoveling, Tri-State dist 10-421 
shoveling-in 10-543 
Tenn phosphate mines 10-468 
test-pitting 10-23, 10-33 
trenching 10-31 
Tri-State mining 10-130 et eeq 
United Verde open-pit 10-444,10-446 
wheelbarrow work 11-03 
winse sinking 10-120 
heat developed by 14-66 
hours in comp-sir 16-48 
relations 22-16 et eeq 
Laboratory oyanidation tests 38-07 
equipment for assaying 80-21 
flotation machine 81—18, 81-14 
LaBour pump 13-16 
Laccolith 2-10 
Lackawanna sheet-piling 8-06 
La Colorada mine, Mex, drift round 10-100 
Ladder dredge 3-18 
veins 10-16 
Ladders in raises 10-114 
Ladderway in shafts 7-03, 7-06 
Ladel-TroUer fan 14-42 
Lag screws 48-86 
listed 41-20 
Thagging 10-161 
of drift sets 10-107 
of ehafte 7-16 
for shaft-sinking 8-03 
of tunnels 6-22 

La Gnnge hydraulie mine 10-656 
riflie 10-567 

Lake Angelins mine, top slicing 10-298 
Lake Shore mine, chain gate 10-411 
drifting routine 10-106 
raising practice 10-117 
square-set stope 10-206 
Lake Superior Coal Co, W Va, guniting shaft 
7-20 

Lake Superior copper basalts 2-10 
leases 24-4M 
mines, rook-bursts 28-64 
dist. pillars 10-530 
iron mine, boring record 10-48 
drill sludge 10-40 
iron mines, boring at 10-61 
drifting 10-90 
iron mining 10-187 
iron ores 2-21 
open-cut mining 10-484 
Lake View Cons mine, shrinkage stope 10-276 
Lakekakamu. Panua, dredging 10-600 


Lame's eenstant lO-A-21 
Laminar flow of liquids 88-12 
Lamp houae 28-86 
Lamps, storage-battery 16-81 
vitiation of air by 28«8 8 
Laaehute, Malayan 10-620 
Land Dept, U 8 24-10 
regulations 24-12 
measure 48-46 
surveying 17-16 ef teg 
Landing chairs for cages 12-104 
Landslides 3-04 
Lane band friction clutch 12-16 
Lane Wells knuckle joint 0-33 
Lang lay wire rope 12-20 
Laneford eosi stripping 10-460 
colliery headframe 12-80 
Laramie-Pondre tunnel 6-16 
La Rose mine, prospecting 10-30 
La Rue mine, conveyer system 27-40 
Latent heat of fusion 8046 
Lateral development, drift mines 10-006 
of mines 10-82, 10-00 
for top-slicing 10-299 
Laterite 2-09 
Latitude 17-80 
determination of 17-84,17-87 
Utrines 28-82 

Launders in coal preparation 26-10 
for sand filling 10-423 
Laurium lead depoalt 2-24 
l4iva flows 2-10 
Law, extralaterai 24-80 et eeq 
on subsidence 10-632 
Lawrence colliery methods 10-407 
Laws, mining 24-01 et eeq 
Lsy system of mining, defined 10-274 
of wire ropes 12-20 
Lead button, sise of 30-07 
loss in smelting 88-08 
ores 2-23, 2-24 

assaying 80-18,80-18 
sale of 88-04 
in ores, payment for 88-07 
in pisoer deposits 10-636 
storage battery 48-88 
test, for assaying 80-04 
Lead set 10-198 

Lead-aliver ore, treatment of 88-04 
Leadville, framing square-eete 10-226 
mine development 10-82 
ore dei^ite 2-24, 2-26, 10-11 
Leakage in airways 14-33 
of comp air, measuring 16-88 
in pipe ventilation 14-16 
in ventilating systems 14-10 
Leaning sfope-aets 10-232 
Lease, mining, form of 85-00 
NWTerr 84-81 

Leases, placpr-mining, B C 2448 
Leasing, mine 88-08 
system, U S 84-04 
Leather belts 41-04 
Leaching copper ore 10-399 
Lee reaietivity method lO-A-13 
Legal advice, when needed 8644, 2i4f 
boundaries of property 17-80 
Lehigh Nav Coal Co, hoist layout 12-41 
methods 10-498 

Lehigh Vallay, Pa, test-pitting in 10-23 
Lehigh Vallay Co^ Co cage 12-100 
Length of aerial tramWasra 8048 
of drill steel 6-06 
Leon gae detector 28-88 
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Leonard mine, ohute epedne 10-212 
level interval 10^1 
aquare-eet atotnng 10-220, 10-220 
shaft, air-hoist 12-fiO 
Lepley coal skip 12-116 
Lettering of drawings lT»iS 
Leasite Bills. Wyo, vegetation in 10-24 
Level, engineer’s 17-08 

interval 10-90, 10-367, 10-S87 
sub-level caving 10-326 
toi>alieing 10-299 
m'.ning 10^3 

Leveling, croes-eeotion IT—ST 
profile 17-81 
rods 17-02 
trigonometric 17-47 
underground llh>14 
Level-piUar 10-153 
mining 10-239, 10-256 
Levels, mine, support of 10-161 
in shrinkage slopes 10-275 
Liberty Bell mine, open overhand slope 10-166 
License, mining, NW Terr 24-81 
Life of gravity stamps 28-18 
of hoisting ropes 12-26 
insurance, Trail, B C 28-17 
of mine timber 10-235 
of power-generating plants 40-07 
Lift, depth of, in bench blasting 5-18 
of hydraulic elevators 10-573 
Light units 42-88 
Lighting by comp-air power 28-27 
electric 42—82 
for hand sorting 28-18 
of mines, elec 16-40 
in rescue work 28-47 
Lightning arresters 18-08, 42-40 
Lignite 2-29 

Lilly hoist controller 12-117 

mine, Cnl, dragline dredging 10-606 
Limborgite 2-06 
Lime, properties 48-00 
sources of 2-28 
Limestone, minerals of 1-11 
mining, Ala 10-151 
origin of 2-09 

quarrying, underground 10-296 
Limestones as building stone 2-28 
Limonite, Cubs, bore testing 10-54 
deposits, prospecting 10-33 
in gossans 10-18 
Line drop in transmission 48-46 
equations of 86-80, 86-44 
of least resist in blasting 6-12 
pipe, listed 41-18 
Linear equations 86-06 
measurca 46-46 
Linea, geometry of 86-08 
Lining, Kind-Chaudron shafts 7-23 
of shafts in froscu ground 8-21 
of tube-mills 38—12 
Linings for column pipes 13-10 
for ditches 88-27 

Link-Belt drive for shaking screens 88-06 
Liquid fuels, heat capac of 80-10 
typical analyses 4lk»ll 
measure 46-47 
Liquid-oxygen explosive 4-07 
gases from 28-08 
Liquids, specific heats of 88-41 
Litharge for aaaaying 80-04 
Lithium, sources of 2-26 
Lithonia, comp-air quarrying 5-26 
Little Ct, Alaska, hydraulic elevators 10-673 


live lend in headframee 12-62,12-64 
in truss 48-19 
Liveing's gas indicator IS-M 
Livingatonite, teste for 1-60 
Lloyd mine, Mich, drifting 10-96, 10-106 
Load curves, power 40-04 
diagram, conical drum and reel 12-33 
cylindrical hoisting drum 12-31 
factor 40-04 
eleo 48i48 

rolling, on tramways 2^18, 28-14 
test of d-c generator 42-10 
Loading booms for coal 86-48 
oars by band 11-32 
Champion mine 10-266 
from chutes 11-32 
coal from breakers 84-14 
in drift headings 10-92 
earth, mechanical 3-13 
hand va machine 10-136 
machines, early types S7-0f 
makers 16-41 
mechanical, of coal 10-482 
in headings 10-103 
Morenci open-pit 10-460 
pans for shaft-sinking 7-11 
skips 12-112 
sul>level caving 10-329 
Loads on aerial tramways 28-48 
on cables 26-04 
Learning, exploration by 10-22 
prospecting by 10-32 
Local attraction 17-06 
Locating points on plane table 17-46 
tramway line 86-09, 26-10 
Location certificates 17-66,17-69 
of mining claim 24-46, et aeq 
survey of claim 17-46 
railroad 17-60,17-61 
Lock-bar pipe 88-19 
Locke hand level 17-08 
Locked-coil rope 12—21 
track cable 26-17 

Lockouts, in mining agreements 22-17 
Locks on safety lamsM 23—26 
Locomotive, comp-air 16-42 
elec 16-11 et arq 

in open-pit iron mines 10-436 
haulage underground 11-35 et aeq . 

RB, curve limits 17-42 
storage-battery, makers 16-81 
for tunnel driving 6-20 
Lode claim, locating 28-06, et aeq 
nature of title 24-20 
claims, Calif 24-16 
Lodes within pincers, locating 24-09 
Logarithms, converting factors 46-42 
of numbers 46-41 et aeq 
principles of 86-46 
of trig functions 41-26 
Logs, volume of 28-81 
Long-hole drilling in slopes 10-101 
Long Tom 10-539 
on dredge 10-587 
Longwall coal cutter 16-41, 16-16 
cool mining 10-472, 10-M6 el aeq 
mines, ventilating 14-18 
subsidence with 10-524 
Longyear method, core and sludge analys* 
10-42 

Loomis churn drill 9-43 
Loose ground, tunneling in 6-26 
Loose-leaf survey notes 18-22 
Loosening earth 3-12 
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Lentto mliM egruide pUnt U>fT 
miniag tnethod 10-371 
Loa Aafelaa liaaia, eoat of oil wclb 0-87 
Loa PUaraa miite. atope fillins 10-237 
Loaa of ooid in r^iue 35»03 
in eyanidation 83»10 
in elae diatribution 4S>n 
of gold in sluices 10-371 
in prepared coal sises 34U08 
Losses in air hoee 13-13 
in air tranamission 11-07 
in elec tranamiasion 13-08 
in rectifier 43-34 
in amelting 33-03 
Lost comers, ^locating 17-33 
time in excavation 3-02, 3-03 
Lota, incomplete,^of ore 33-00 
Louise iron mine, truck haulage 10-436 
Louiaiana, cost of oil wells 9-40 
rotary drilling 9-16 
Low Moor minea, top-slicing 10-313 
Low-freezing ezploaives 4-05, 4-06 
Lowering unbalanced loads 12-42 
Low-temp distillation of coal 33-33 
L O X bleating, Chuquicamata, Chile 10-452 
Lubricant, selection of 41-13 
Lubricants for power machines 41—13 
Lubrication of air compressors 1B<43 
of hoisting ropes 12-26 
of mine-car -wheels 11-12, 33-80 
of rock drills 18-38 
of tramway cables 36—18, 86-13 
Lumber requirements in Butte stopes 10-225 
standard sizes 43-31 
Lumen 43-88 
Lump Coal C explosive 4-09 
Lane, rircular, area of 86-18 
Lupa goldfield, diamond drilling 9-56, 9-58 
Lustre of minerals 1-06 
Luxemburg, lead deposits 2-24 
Lyksns colliery, elec signal system 12-87 

Maas borehole compass 9-67 
MacAlpin Coal Co methods 10-490 
Macalwain on seismic stresses 10-A-22 
Mscsssa mine, bucket crossbead 12-90 
shaft, cost 7-26 

MacGeorge method for borehole surveys 9-67 
Mschiue bit sharpeners 5-06 
drilling, open-cut 5-08 et sea 
drills in mines 10-94 
in stripes 10-127 «t sea 
framing of square-sets 10-225 
loading, SB Mo 10-136 
Machine-banded wood pipe 36-30 
Machine-drill blasts, charges 5-14 
Mackintosh boring rig 9-07 
Madden Dam, cableway 34-48 
clay grouting 8-24 
Magazine mining 10-274 
Magazines, explosive, isolation of 4-11 
location of 4-12 
specifications for 4-12 
Magma, Ariz, enriched sons 10-20 
mine, bonus system 38-07 
combined method 10-387 
cooling 14-68 
cribbed raise 10-116 
drifting routine 10-106 
level interval 10-91 
machine loading 10-104 
Mitchell slicing 10-227 
refrigerating 14-63 
shafts, cost 7-27 


Msgamg u ioim# of ores 10-07 
Mugmstte ooneentrations 10-07 
water, defined 2-19 
Magaesito deposits 2-26 
Mognotic circuit 4 3-0 4 
dedination 17<-17 
measurements analysed lO-A-08 
proepecting 10-20, 10-30 
Burveye lO-A-07 

eusceptibility of rocks lO-A-31 st teg 
vans 43-67 

Magnetite ore, diamond-drilling 10-63 
oocurrence 2-20,2-21 
as a rock 2-06 

Magnetite-ilmanita in rocks lO-A-34 
Magnetization curve 43-04 
Magnetometer lO-A-08 
Magog, Quebec, hydraulic air comp 18-83 
Hahoning-Hull-Ruat iron mins 10-434 
Maintananco of excavating machinea 3-02 
of mine levels 10-91 
of mine shafts 10-84 
Mahors of comp-air equipment 16-84 
of dredges 10-587 
of eieo mine equipment 18-31 
of tramways and cableways 36-80 
Makoaldft surrey methods 18-84 
Malacate, hoisting with 12-57 
MaUria 88-88 
Malaya, tin mining 10-619 
Maltha 2-31 

Mammoth coal seam, mining 10-481, 10-408 
N Z, placer drilling 9-42 
pump for drop-shafts 8-17 
tunnel, cost 6-27 
Man cages 12-105 
Management of mines S(Mi3 «( seg 
Manganese in cyanldatiou 38-07 
mining, Cuba 10-466 
ores of 2-26 

analytical determinations 36-33 
residual 10-17 
sale of 33-16 

Manila rope, data on 12-19 
Manitoba, mining law 34-84 
Manning hydraulic formula 36-ld 
Manometers 83-39 

use in ventilation 14-23 
Mansfeld copper deposit 2-23 
Msntos, lead-ore 10-158 
Manway, cribbed 10-270 
in raises 10-109 

Manways in chutes 10-109, 10-114, 10-117, 
10-118, 10-207. 10-212, 10-403 
in coal mines 33-34 
Map drawing 17-13 
Maps, oAiay 36-16 
geologic 19-04 
mine 16-36,36-04 
for mine exams 36-08 
photographic 17-48,17-33 et teg 
for prospecting 10-27, 10-32 
Marble 2-09 
as building stone 2-28 
Mercy ball-mill 33-13 
Margin on metals 33-03 
Market, estimating site of 36-38 
for metais, etc 38-33 
sizes of anthracite S4r-03 
Marketing Malayan tin 10-029 
Marking claim location 34-18 
Marl 2-09 

Marquette iron ores, boring in 10-61. 

Range, contract mining 33-06 
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Rue*, open-^t blasting 10-435 
subaidenoa 10-527 
top-alioing 10-311 
Marsaut aafety lamp SS-fS 
Harah Tiaeoalmeter 0-10 
Maitisnssen gaa detector SS-OB 
Martin Decker weight Indicator 0-23 
Martin Ore Co mine car 11-10 
Mascot mine, bonus system 2B>0T 
eburn'drill samples 10-46 
contract mining kB-06 
open stoping 10-150 
trolley ioooe 11-40 
Masonry, calculating volume 1T'»BS 
dam 4^U 
lining of shafts 7-21 
Maas S4-64 
density S8-0S 

Massco coal-washing table 86-41 

Masaes, moment of inertia 86 4 8 
ore 10-08 

Mastodon Cr. Alaska, dragline placer mining 
10-549 

inclined sluice 10-575 
Mat, top-slicing 10-301 
Matidiambre n^e, bonus system SS-OT 
Uled stoping 10-251 
sand filling 10-424 
shaft, cost 7-28 

Matanoaka coal field, diamond drilling 0-60 
Materials, weights of 48-46 
Mattsen air-lock 8-12 
Maxima and minima by calculus 86-S6 
Maximum hours, statutory 88-08 
moment in beam 48-48 
reaction in truaa 48-88 
Maxwell 48-08 

Mayart, Cuba, bore sampling 10-64 
estimating iron ore 10-71 
open-pit iron mines 10-455 
McCaa oxygen apparatus 88-66 
McCaskell mine-car wheel 11-12 
McIntyre Porcupine cyanide plant 88-86, 
88-88 

drift round 10-100 
lunch-box inspection 88-88 
overhand filled stope 10-241 
square-setting 10-199 
stope filling 10-238 
sub-level stoping 10-192 
wash house 88-81 
McKinlay entry borer 9-08 
McPherson shaft, sinking 7-05, 7-08 
Mean candle power 48-88 

eSec press 88-04, 88—16, 6^18 
of engine 4(^17 
radius of air ducts 14-27 
temp difference 88-36 
Meandering boundaries 17-88 
Measurement of comp air 16-48 
of electricity 48-06 et aeq 
of ventilation factors 14-81 el seg 
Measures, conversion tables 46—49, 46-60 
Mechanical coal cleaners compared 84-88 
equivalent of heat 88-S<* 
handling in atopea 10-4x3 el eeq 
loaders, sales of 87-08 
loading in headings 10-103 
top-dicing 10-301 
in tunnels 6-17, 6-19 
samplers 88-08 et eeq 
sampling mill 88-14 
ventilation 14-02, 14-39 et eeq 
Mechanics of eround movement 10-521 


Mechanixatloa of coal mines 10-482 
of mining 87-08, 87-18 
Mechanised sMtal mining 87-46 at sag 
Medical aid for employees 88-18 
Medina aandstone 2-28 
Meem'a compression experiments 10-524 
Melting of cyanide bullion 88-44 
of gold bullion 83-08 
points of aubatancea 88-48 
Hen, hoisting in skips 12-115 
Menominee Range, block-caving 10-342 
dragline mining 10-455 
top-eUoing 10-309 
Menxies coal cleaner 84-18, SB-IT 
Mercur, Utah, sub-level oaving 10-387 
Mercniial poisoning 83-06 
Mercury in amalgamation 88-08 
in cyanidation 88-07 
ore of 2—26 

assaying 8m-18 
in sluices 10-571 
traps 88-08 

Mercury- arc rectifiers 16-08, 48-44 
Mercury-vapor lamp 48-38 
Mergers, computing values for 46-67 
Meridian, guide 17-60 
on maps 17—14 
principal 17-80 
true, determining 17—81 el eeq 
Meridional lines 17-80 
Merit rating system 88-08 
Mexriam coal stripping 10-468 
Merrill-Crowe precipitation 88-88, 88^4 
Menriman hydranlic formula 88-18 
Meaabi, cost of mine track 11-26 
diamond drilling 10-38 
dragline mining 10-456 
glory-holing (milling) 10-460 
hand loading 10-301 
hanging chutes 10-411 
hydraulic stripping 3-16 
iron mines, boring practice 10-61, 10-62 
drifting with augers 10-94 
open pits 10-434 
estimates 10-469 
haulage 10-435, 10-436 
limits 10-471 
waUs 10-527 
ore estimates 10-73 
occurrence 10-302 
sludge box 10-41 
steam-loco haulage 11-36 
structure drilling 10-39 
sub-level car 11-04 
top-slicing 10-302 el eeq 
tramming distance 11-44 
Mesozoic rocks 2-18 
Metal mines, fatalities 23-37 el eeq 
ventilating 14-19 el eeq 
cost 14-07 

Metal-mine fires, disastrous S8HW 
loaders 27-26 et eeq 
method, choice of 10-428 
methods classified 10-123 
regulations 83—68 
Metallic dusts, poisonous 88-18 
ores, exam of 1-09 
Metallica in samples 88-08, 80-06 
Metals of the earth 2-18 
prices of 86-84 
properties of 46-48 
Reduction Co pipe headframe 12-82 
tensile strengths of 87—07 
Metsmorphic mineral deposits 10-21 
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MetUBOtpUe rocka 2-00 
minarala of 1-11, 2-03 
Metcalf mine, filled etope 10-248 
Meteoric water 2-19 
Metering of cdeotricity 41-81 
Metera for comp air 11-41 
Methane deteetore 14-11 

flow from coal miaM 11 - 01 , 11-10 
ignition of 11-41 
inflammable limits 18-07 
in mine air 11-04 
press of, in strata 11-00 
recorders 18-11 
testing f(Hr 11-14 
Metric syatem 44-47 el eeq 
Mexican Corp, winiee 10-120 
dry washer 10-440 
mine, hand stoping 10-126 
mining grants 14-04 
silver ores 2-25 
Mexico, hand drifting 10-03 
mining law 14-87 el aeq 
Meyer & Charlton mine, data 11-11 
Miami Copper Co, accounts 11-00 
Miami mine, block-caving 10-340, 10-347 
boring at 10-58 
car 11-08 
car dump 11-31 
churn-drill proai>ecUng 9-41 
samples 10-44 
chute-gate 10-408 
combined method 10-379 
cost of mine track 11-20 
diamond drilling 10-35 
machine loading lO-lOfi 
roads for drills 10-37 
shaft sinking 7-05 
sludge box 10-40 
aubsidence 10-528 
top-slicing 10-318 
tramming level 11-25 
ventilating 14-21 
Mica, properties of 2-32 
Mica-schist 2-09 

Michigan amygdaloid mines, methods 10-172 
arbitration in 22>18 
copper deposits 2-23 
copper mines, air drying 14-59 
cost of air drilling 18~g9 
development 10-87 
diamond drilling 10-36 
entry practice 10-83 
haulage in 10-90 
tramming 11-32 
trolley loco 11—41 
ventilation 14-06 
iron mining costs 81—84 
drainage 10-89 
scraper loading 27-80 
sub-level stoping 10-178 
Labor Relation Act 83—14 
mineral lands 84—11 
Mierochamicai mineralogy 1-09 
Micro-gaa surveys lO-A-29 
Micromanometer 14-24 
Micrometer tripod head 18-19 
Microscope for ore testing Sl-OS 
Microscopic evidence of enrichment 10-20 
Mid-Continent oil field, costs 44-17 
Midway-Sunset oil field, costs 44-17 
Migration of outcrops 10-27 
M fit K methane detector 88-88 
MUea cold-water thawing 10-618 
Mill construction 48-48 


Mill tests advocated 81—14 
BfiiU Oulch, Rev, dragline dredging 10-606 
Miller coal mine. Wash, methods 10-509 
Milling csiculatioiis 81—19 at aeq 
(glory-holing) 10-469 
gold 88-08 et seq 
ores, sale of 88-18 
underground 10-157 
MilUroltmeter 41Mf7 
MiUs-Crowe regenerating procoas 88-84 
Milisite locations 84-10 
Calif 84-16 
survey of 17-47 

Milton Gold Dredging Enterpriso 10-604 
Mine air, constituents 88-04, 88-04 
atmosphere 14-02 
cars 11-03 et aeg 
sixes of 11-14 
communities 88-88 
fires f8-48 et eeq 
La Motte, power-shovel 10-421 
maps 14-84 
models 1 8 O B et eeq 
openings. location of 10-90 
number of 10-89 
track 11—14 el aeq 
Mine-car compressors 11^14 
yield 84-08 

Mine-rescue apparatus 88-44 
stations 88-49 
Mineragraphy, use of 81-04 
Mineral 1-02 

. calculating formula of 87-418 
charcoal, defined 2-30 
deposition 10-06 
deposits 2-18 et eeq 
determinations, index 1-61 
domain, U 8 S4-41S 
lands, sale of S4-0S 
surveying 17-41 el eeq 
search for 10-04 
stabiUty 10-06 
survey, example of 17-48 
surveyors 84-10 
wool insulator 41-18 
Mineral-forming proceasea 10-07 
Mineralogical analysis Sl-418 
Minerals of copper 2-22 
gangue 10-06 

magnetic susceptibility lO-A-33 
misc, prices of 84-84 
ore 10-06 
rock-forming 2-02 
uses of 1-12 
weight,o{ 28-21 
Miner’s certificate, B C 84-88 
inch 10-554, 88-38 
license, Ontario 84,48 
Minette iron ore 2-21,10-16 
Mineville, If Y, diamond-drilling 10-63 
dry-closeta 88-80 
hoisting bucket 12-93 
machine loading 10-103 
open stoiung 10-142 
ore bin 12-129 
ore skip 12-107 
whim hoisting 12-57 
Minimum wages, statutory 88-01 
Mining Act of 1872 84-08 
agreements 88-16 
floor, defined 10-198 
law ot 1866 14-04 
method, effect on ventilation 14-17 
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Miaiiic methoda, dawrifiad 10-123 
of petroleujn tfr lA 
property, dtaraetar t <F«<W 
abovel 10-103 
tax, Mexico M-40 
teriDB, defined 10-03 
transit 

Miaaeaota, arbitration in 
Iron Co, filled stops 10-247 
Labor Relations Act Sl-M 
mineral lands 24f>lt 
Mintrop (eol testinc method lO-A-23 
Misfires, coal-mining fi 3 > 8 fi 
extracting fiS^fi 
metal-mining SS-W 
preventing 5-21 
in tunnels ft-13, 6-14 
Missing water in engine data 36-16 
Missonri-KaB Zinc Coip, deep-hole hammer 
drilling 10-71 

Misaonri, B E, breast stoping 10-133, 10-136 
diamond-drilling 10-63 
estimating from boreholes 10-72 
jackhammer support 10-101 
lead deposits 2-24 
machine loading 10-135 
mining practice 10-136 
piUars 10-134, 10-135 
recovering ore in pillars 10-136 
underground haulage 10-89 
S W, ore deposits 2-24 
Mitchell slicing. Magma mine 10-388 
system 10-227, 10-267 
Miter framing square-set timbers 10-217 
Mixing of concrete 43-11 
of sample puljw 39-08 
Moa, Cuba, bore sampling 10-64 
estimating iron ore 10-71 
Mobile loaders in coal mines ST-64, 37-17, 
37-37 

metal mines 37—37 

Moctesnma Copper Co, shaft-raising 7-12 
Moddor Doep Levels mine, sand filling 10-424 
Modder ven^ator 14-43 
Modderfontein mine, scraping 10-42V 
B mine, development 10- 91 
tramming 11-44 
East mine, pillars 10-148 
Models, mine 19-08 e( »eq 
Module, hydraulic 38-83 
Modulus of elasticity, concrete 43-11 
defined 43-03 
of rocks lO-A-37 
of steel ropes 12-19 
of rupture 43-06 
Moffat coal mine 10-492 
tunnel, procedure 6-20 
Mohawk copper mine, development 10-8S 
open stoping 10-174 
ore chute 10-415 

Mohawk Mining Co, accounts 80-06 
Moiling in shaft 7-05 
Moisture in coal 2-30 
determination 30-30 
in coal dust, effect on evptosiveneBs 33-48 
in comp air 18-33, 18-37 
effect on explosives 4"J7 
in ores 33-03 
samples 39 ' Ot 
Mol 43-34 

Molds for gold bulUon 33-06 
MoHior Msgrsm for steam 39-38 
Molybdenum Corp of America, reeuing 10-245 
ores cf 2-26 


Moment, bending, in beams 43-03, 4 3 'Oi 
of forces 39-31 
of inertia 34-48 et ttq 
static hoisting 12-02 
Moments, hoisting, calculating 13-36 
Momentum 36-53 
Mona coal mine 10-486 
Mond gas producer 40-43 
Money, foreign, U S value of 43-3fi 
at interest 46-83 et eeq 
Malayan 10-629 

Monitors, Fla phosphate mining 10-450' 
hydraulic-mining 10-652, 10-654 
Monkey, coal mining 10-472 
Monobel ex^osive 4-08 
Mono-cable tramway 34-33 et «eg 
Monocline 2-11 
Monoclinic crystals 1-04 
Monongah colliery explosion SS-4S 
Monopol hoisting system 12-07 
Monorails in stopes 10-416 
Monroe iron mine, nulling 10-461 
Montana, arbitration in 33-13 
coat of diamond drilling 10-68 
dragline placer mining 10-650 
drift mine 10-611 
hydraulic mine 10-658 
ref to mining law 34-18 
prospecting equipment 10-79 
test-pitting in 10-23 
Montana-type headframe 12-68 
Montreal mine, drifting practice 10-102 
drill carriage 6-07 
hoist layout 12-41 
jackhammer drifting .10-99 
raising routine 10-116 
scraping 6-15, 6-17 
skip 12-111 
sub-level caving 10-333 
Monument, setting 17-34 
Monuments, mining-claim 34-4)9 
U S lands 17-33 
Monzonite 2-04 
copper deposits 2-22 
Moore timbering system 10-231 
Moraine 2-17 
Moran air-lock 8-12 
Morenei copper deposit 2-23 
mines, block-caving 10-341, 10-345 
bonus system 82-08 
borehole assays 10-44 
crowning square-set floors 10-223 
diamond drilling 9-61 
filled stopes 10-248 
inclined top-slieing 10-321 
leaching ore 10-401 
open-pit mining 10-449 
timber consumed 10-224 
top-slicing 10-313 
trolley locos 11-40 
underhand etoping 10-152 
Morning mine, stuIl sets 10- 233 
Morris Lloyd mine, shrinkage stoping 10-282 
Morro Velbo mine, nevelopmeiit 10-86 
refrigeration 14- 59 
Mortar, cement, proportions for 43-09 
Mortise and tenon Joint 43-38, 43-40 
Mosaic of aerial photos 17—68,17—34 
maps for RR location 17-60 
Mosquito, diseases due to 33-38 et ssq 
Moss-box, Kind-Cbaudron 7-23 
Mother of coal 2-30 
Hubbard bit 9-11 
Motioa, curved 36-81 
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Msthm, mpUe rapmentation of M-M 
tdana iMS 
reetilinoar M~4P 
of trandstion M^W 
ICotw traeka for earth excavation 8-07 
Motor-driven mina iminpa 13-12 
Motor-fed drifter drlU 13-dS 
Motor-goaorator aeta it~0S, ld>W. 4l>i2 
Motor<4uiolage aTatem, Boston Consol mine 
10-372, 10-374 
Ray mine 10-374 
Motors, direct-current 4S->10 et aeq 
fw dee locos ld»lS 
hoist, eapae of 12-32 
tat adne fans 14-42 
for mine service et *eq 

at oil weUs 44»ld 
on trolley locoe 11-30 
Mottramite, tests for 1-51 
Mt Airy, oomp-air quarrying 5-24 
Mt Hope mine, drift round 10-100 
shrinkage stuping 10-282 
winses 10-120 

Mt Isa mine, glory-holing 10-463 
machine loading 10-104 
sub-level sloping 10-193 
ventilation of raises 10-116 
winses 10-120 

Mt Lyon mine, reopening 10-88 
Mountain Con mine, drift round 10-99 
refrigerating 14-61 
Copper Co, ryauidation 33—17 
iron mine, haulage 10-436 
Mounted drills in headings 10-95 
Mountinc of driJle in raises 10-109, 10-110 
in shafts 7-06 
in tunnels 6-05, 6-07 
of stoping drills 10-128 
Mountings for machine drills 5-08, 13-36 
for transits 18-04 
Movable-type coal cleaner 84-33 
Moving loads, stresses of 43-39 
Mowry mine, block-caving 10-343 
Mucking by hand 11-02 
in headings 10-102 
hand is machine 10-106 
in headings 10-96 
rates in tunnels 6-19 
scrapers is power shovels 10-107 
in shafts 7-10 

in tunnels 6-04, 6-06, 6-15 el teq 
Mud box, hydraulio-mine 10-563 
fluid, oil-well 9-18 
pump on dredges 10-584 
runs in mines 10-626 
rushee, OeBeers mines 10-398 
sills in mine drifts 10-107 
Madcapptng boulders 6-20,10-553 
Muffle furnace 30-03 
MofnUra Copper Mines, aocounts fll-flS 
Moles, cost of 11-33 
Multidone dnst collector 38-38 
Multido a-c circuits 41-16 
elec diatrib 43^ 

Mnltiple-deck ceges 12-97 
Multipto-expanaion engines 63-17 
Mnlti^icatioo, slgebruc 66-33 
Mttiti-atags centrifogal pomp 13-14 
Murray mine, cost (d exploration 10-88 
Mttscodn Ho 6 mine, meohine loading 10-105 
Moscovlte, occurrence of 2-32 
Myacs-Wholay loader 37-04 
rock shovel 37-33 


Hacodochea ofl aodaino 44-34 
Nadir 17-10 

Naila assay method 30-06, 80-10 
listed 43-36 

Nanticoke mine floqd 13-02 
Napetian logarithma of numbcm 4043 
Nascent cynnoten 63-06 
Natalie coUiery methods 10-496 
National drilling rig 9-15 
Labor Relations Act 33-16 
Native copper deposits 2-23 
silver ores 2-25 

Natomaa Co, rssoUing dredge 10-599 
Natural cement, source of 2-29 
flow of oil wells 44-06 
gas, composition 2-31 
in mine air 23-06 
splitting of air 14-33 
trigonometric functions 46-32 el teq 
ventilation 14-02, 14-34 et eeq 
Nautical measure 46-46 
Nsvier’s hypothesis 43-13 
Neck, volcanic 2-10 
Negauaee, Mich, hand sloping 10-126 
mine shaft pocket 12-121 
top-slicing 10-311 
Nepheline-syenite 2-06 
Neaquehoning tunnel cmI woritings 10-497 
Neutralizing acid mine water 13-21 
Nevada, arbitration in 28-16 
Cons Copper Co, accounts 31-33 
block-caving 10-357 
boring record 10-48 
Chino mine 10-438 
churn-drill samples 10-46 
scraper 37-46 
open-pit benches 10-470 
Ruth mine 10-437 
dragline dredging 10-606 
ref to milling law 34—18 
test-pitting in 10-23 
Nevada-Mass mine, methods 10-279 
Nevada Wonder mine, chute 10-403 
filled slope 10-239, 10-241 
New Brunswick, mining law 84-34 
Hew Caledonia nickel ores 2-27 
Hew Cornelia mine, borehole records 10-47, 
10-48, 10-50 
boring at 10-68 
open-pit mine 10-446 
ore bin 12-130 
New Guinea, dredging 10-697 
hydraulic mine 10-670 
hydraulic stripping 10-459 
Nawhouss tunnel, cost 0-28 
New Idaia mine, belt_eonveyer 10-417 
deep-hole hammer drilling 10-71 
open-pit mine 10-454 
recovering timber 10-223 
New Jersey tine ores 2-23 
Zinc Co, mining method 10-389 
New Kleiafontein mine, ropeway 10-416 
Hewmdirket Zinc Co, bore testing 10-55 
trolley locoe 11—40 
New Mexico, ref to mining law 84—16 
New Modderfontein mine, development 10-91 
eand filling 10-422 
New Orient mine, entry boring 9-08 
hoisUng 12-59 

Newport mine, shaft-einking 7-08 
sub-level caving 10-332 
Newsom dnssillor 10-627 
Nowatond, metorin, rsaoiling dredge 10-6W 
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If T B»rg« Cstutl, WMh<lKirinc 9-03 
levelinc rod IT-OI 
Kow ZMland drodg* 10-077 
Kickol, ores of 2-20 

aasayinc S0»M 

Kickot-yliM ore depMlt,<6 C 2-20 
nigeria, (in mining with gravel pumpo 10-070 
Kight-ahift work, limita on M-IT 
Hip ani^o, cone crusher M>4M 
gsnratory cnuher 28-00 
jaw cnishere 28-08 
of rolls 28-10 

IflpisBiag mino, fineness of grinding 88-11 
prospecting 10-30 
Ifiter for assaying SO^OO, 
assay method S0»O8, 80-10 
Bltimmon explosive 4-10 
nitrates, occurrence of 2-33 
IfitrlflcatioB of sewage 22-82 
Nitrogen in mine air 28-44 
from strata 28-11 

Ifitroglyeerin, explosion reactions 4-02 
Nitrons fumes in mine air 28-06 
oxides, physiological effect 28—18 
N’fikjtna mine, machine loading 10-103 
scrapers 10-419 

Nome beach placers 10-535, 10-539 
buried beach placers 10-535 
cold-water thawing 10-617 
drift mining 10-611 
hydraulic devators 10-573 
Nomenclature of welding 48-48 
Non-metallic mineral deposits 2-28,10-06 
Non-mineral lands, laws 24-18 
Noranda Mines, accounts 21-88 
activated sludge plant 22-88 
chute-gate 10-408 
clothes lockers 22-21 
diamond drilling 9-58 
sub-level stoping 10-186 
Nordberg-Butler shovel 27-28 
in drift mine 10-610 
Norite 2-04 
Normal fault 2-13, 2-15 
Norod plunger pump for oil 44e48 
Norria Dam, cableway 26-48 
North Btoomflold hydraulic mine 10-555 
undercurrent 10-569 

North Broken Hill mine, string surveys 18-84 
North Butte mine, labor standardisation 22-06 
North Dakota, ref to mining law 24-18 
North Koarsarge mine, open stoping 10-174 
North Star mine, development 10-88 
go-devil plane 10-414 
open stoping 10-166 
shaft mucking 7-10 
shaft sinking 7-05 
vein 10-12 

Northumberland pillar robbing 10-503 
Northwest Terr, mining law 24-31 
Norton coal mine, V system 10-510 
Norwood-White Coal Co drop-abafta 8-12 
Notes on mape 17-14 
mine-survey 18-22 
sampling 28-18 
stadia surveys 17-48 
survey, adjusting 17-20 
underground geology 12412 
U S land surveys 17-22 
Notice of location, reeording 24-18 
Novaculits, occurrence of 2-S8 
Nova Scotia gold ores 2-25 
mining law 84-88 
prospecting in 10-29 


Nosxiss, flow through 88-Of s( ssg 
flow of gases through 82-08 sf ssg 
hydraulio-mining 10-454 
Btd, for compressor tests 18<48 
water thrown by 18-81 
Numbering of survey stations 18-08 
Nnmbers, Naperian logs of 48-42 
propOTties of 48-26 el seg 
Nonior else prospecting msOod lO-A-17 
Nystagmus 28-21 

Osk wood, properties 48-11 
Oatman, Arix, lease royalties 2fl>4fl 
Obliqus triangles, solution of 88-18 
Observations, geologic, underground 18 » 02 
Obstacles, surveying past 17-27 
Obstructions in airways 14-31 
Occupstionsl diseasos 22-11 
Oceanic quickailver mino, top-slicing 10-221 
Ocher 2-32 
nature of 1-51 
Oebsenius bar theory 2-32 
Octagonal abaft 7-03, 7-08 
Odometer 17-02 
Odors in water 22-27 
Oebman borehole surveying 9-67 
Oersted 42-02 

Offsets, underground anrvoys 18-18 
Oglebsy Norton mine signals 12-89 
Ohio coal mining 10-494 
Copper Co, leaching ore 10-400 
Ohm 42-02 
Ohm’s law 42-04 
for a-c circuits 42-14 
Ohnesorge sheave for hoisting 12-04 
Oil as boiler fuel 40-12 
Oil, cable-tool drilling 9-09 el teg 
eonsump, Diesel engines 10418 
for drill lubrication 18-88 
rotary drilling 0-15 ef teg 
for safety lamps 28-85 
transport of 44-28 
typical occurrences of 10-A-2S 
wells 44-08 el teg 
Oils, beating values of 82-81 
lubricating 41—18 
Oilwell-Hild rotary drill 9-17 
Ojnsla tunnel, cost 0-28 
machine losing 10-103 
procedure 6-18, 6-19 
round 6-10 

Oklahoma coal mine subsidence 10-1^8 
cost of oil wells 9-39 el teg 
pumping jack 44-18 
temperature profile lO-A-27 
Oklahoma City oil field costs 44-07, 44-17 
oil field, gas-lifting 44-08 
oil field practice 44—14 
oil-well drilling 9-17 
Old Dominion mine, steam hoist 12—61 
lines, re-running 17-29 
workings, approaching 13-04 
Ohvet filter 82-80 
Iron Min Co car 11-07, 11-09 
concrete shaft sets 7-18 
cost of track 11-26 
jackhammer drifting 19-99 
radial slicing 10-335 
trolley locos 11-30, 11-40 
Omega HUl hydnulic mine 10-658 
One-man surveys 18-24 
Ontsrio mine, stringer seta 10-833 
mining law 24-88 
Nor, camp buildinga 10-78 
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Op«a BtovM 10-132 M Mfl 
•qa«Fe>Mttad 10-220 
TentUatiiic 14-19 
Open-cut blaatinc, exunplea 0-18 
machine drilling 5-08 et ttf 
»«<Hng 10-430 «t teq 
Open-end mine car 11-06 
Opcninga. ventilation 14-04 
Open-pit mine auhridence 10-527 
Open-tank timber treatment 10-230 
Operating a-« generators dO-lT 
capital 2040 
oyoles, mechanised 27-00 
induction motor 4241 
methodst examination of 2040 
storage batteries 4240 
synchronous motors 42-12 
Ophicalcite 2-09 

Ophir ffiU Cons Min Co, auger sampling 0-04 
Orchard coal aeam, mining 10-499 
Ore 2-18, 10-06 
bins 12-126 el »cq 
carrier, tramway 20-12 
deposition in oxidised sone 10-18 
deposits, claasifled 2-20 
geology of 10-06 et eeq 
localisation 2—19 
minerals 10-06 
classified 2-19 
occurrence of, 

Alaska Gostincau mine 10-296 

Alaska Juneau mine 10-292 

Alaska Treadwell mine 10-287 

Andes Copper Mining Co 10466 

Aris Copper Co 10-248 

Avery Island salt mine 10-178 

Beatson mine 10-290 

Bingham, Utah 10-206 

Block P mine 10-239 

Blueboriy' iron imne 10412 

Braden mine 10-361 

Bunker Hill & BuUivan mine 10-209 

Burra Burra mine 1049, 10-186 

Butte, Mont 10-198 

Calumet & Aris nune 10—227 

Calumet conidomerate 10-167 

Campbell mine 10-228, 10-266 

Cananea, Mex 1049 

Caspian mine 10410 

Champion mine 10-262 

Chandler mine 10434 

Chief Cons mine 1049 

Chino mine 10-438 

Chuquioamata, Chile 10460 

Climax mine 10-367 

Clinton hematite 10-33, 10—160 

Cobalt, Ont 10-30, 10-277 

Cold Springs ferberite 10-68, 10-246 

Creighton mine 10-289 

Cripple Creek, Colo 10-166, 10-286 

Cuban iron ores 10-64 

Cuban manganeeo 10466 

D. C. A E. mine 10-138 

Detroit rock salt 10-149 

Duluth mine 10486 

Eagle Piooer mine 1049 

Edwards sine mine 10-68, 10-160 

El Potoel mine, Mex 1046, 10-168 

Empire Zinc Co 10-70 

Eureksi-ABteroid mine 10-331 

Fierro, N M 10-186 

FUn Flon mine 10-191, 10468 

Tlorida phoepbatee 10-65 

fluorapar, Ill 10-280 

II—an 


Ore, ooeurrenee of, Franklitt adue 10-889 
Fresnillo, Mex 10432 
Frood mine 10-200 
Gogebic Range 10429 
Golden Meeseager mine 10-170 
Golden Queen mine 10400 
Golden Ridgee mine 10469 
Goldfirid Cons 81-M 
Ground Hog mine 10-207 
Hartley mine 10-138 
Herman mins. Cal 10-171 
Hidden Creek mine 10-620 
Mollinger mine, Ont 10-68, 10-278 
Homeatako mine 10-287 
Horne mine, Noranda, Que 10^186 
Humboldt mine, Aris 10446 
Inspiration mine 10464 
Iron River diat 10409 
Joaie mine, B C 1046 
Kalgoorlie, Australia 10-262 
Kenneoott mines 10-286 
Lake Shore mine 10-200 
Lake Superior iron ores 1041 
Liberty Bell mine 10-166 
McIntyre Porcupine mine 10-241 
Magma mine 10487 
Marquette Range 10-157, 10411 
Mascot mine, Tenn 10-160 
Matahambre mine 10-261 
Mercur, Utah 10437 
Meeabi Range 10-62, 10-302 
Miami, Aria 10-318, 10-347 
Mich amygdaloids 10-172 
Mich copper nunes 10-36, 10-88 
Mich iron oree 10-178 
Mineviile, N Y 1043, 10-142 
Montreal iron mine 10-333 
Morenei, Aris 10-248, 10-440 
Morenci-Metcalf diet 10413 
Morning mine 10-69 
Morro Vriho mine 10-86 
Mt Hope mine, N J 10-282 
Mt Isa mine 10-193 
Mowry mine, Aris 10-343 
Nevada-Muas tungsten mine 10-379 
Nevada Wonder mine 10-241 
New Cornelia mine 10446 
New Idria mine 10-71 
North Star mine 10-166 
Nor Rhodesia 10-60 
Oceanic quicksilver mine 10421 
Park City, Utah 10-141, 10-262, 10-319 
Parrol, Mex 10-266 
Pcwabic iron mine 10442 
Pilgrim mine, Aris 10-164 
placers 10-^3 
Porcupine, Ont 1040 
Porphyry coppers 10-67 
Quests molybdenum mine 10-246 
Ray midh 10-69, 10-354 
Rio Tinto mine 10-176 
Roan Antelope mine 10-179 
Roseberry mine, Tasmania 10-71 
Rouyn, Quebec 10-30 
Ruth mine 10-367, 10-437 
Sherritt Gordon mine 10-143, 10-166 
Soudan iron mine 10-247 
S E Missouri 10-63, 10-136 
8 W Wisconsin 1048 
Tilly Foster mine 10-176 
tin in Malaya 10419 
Tiro General mine, Mex 10-260 
Tobin iron mine 10-344 
Tonopab, Nev 10-166 
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Ore, oeeurrenoe of, Tri-Stete diet 10-64,10-137 
United Verde Ext dtine 10-S31 
United Verde mine 10-35,10-67,10-248 
Utah Copper mine 10-440 
Utioa iron mine 10-308 
Victoria mine, B C 10-264 
Walker mine. Cal 10-283 
W Australia 10-32 
Witwatersrand 10-31, 10-144 
Wright-Hargreavea mine 10-166 
sale of 38-08 et »eg 
veins, minerals of 1-10 
Ore-dreasing machines, testing 81^-10 
Oregon, hydraulic mme 10-560 
ref to mining law 84-18 
Ore-pass system, Braden mine 10-362 
"Ore in eight'* 86-18 
Ores, adaptability to eyanidation 33-66 
magmatic 10-08 
resistivity of lO-A-36 
Oreshoote 10-16 
effect on development 10-85 
Organization for fire-6ghting 83-81 
of a large mine 80-63 
for mine rescue 83-68 
for mine safety 83-66 
for shaft-sinking 7-04 
for tunneling 6-02 
Orient shaft, hoisting speed 12—46 
Orienting aerial photoa 17—88 
driU holes 9-64 

Orifice, disch of air through 18-88 
meter fur comp sir 16-80 
Orifices, flow through 38-67 et teq 
flow of gases through 38-68 et seq 
hydraulic 38-08 
ventilating 14-30 
Origin of explosions, tracing 83- 48 
of mineral deposits 10-06 
Original mine headframe 12-73 
Ormerod detaching hook 12-116 
Oroville, Cal, dredging 10- 588 
placer deposits 10-536 
Oraat gaa-analysia apparatne 88-36 
Orthorhombic cryetala 1-04 
Osceola lode, mining methods 10-172 
Oacillating coal-aizing acreena 34-17 
Osmium, occurrence of 2-27 
Ottange I mine, shaking chute 10-416 
Otter Cr, Alaska, cold-water thawing 10-618 
Otto cycle 38-18, 38-18 
indicator card 40-88 
Otto-Wilputte coke oven 38-37 
Ootburats of gas in mines 83-418 
Outcrop 2-16 

buried, chip sampling 10-67 
of vein, plotting loi-28 
Ontcrope cutting claim boundaries S4-S8 et eeq 
migration of 10-27 
of ore 10-05 

Outfit for mine exams fi6-80 
Overbreakage 5-02, 6-27 
Overburden, measnring by resistivity lO-A-14 
Overcaata, ventilating 14-13 
Overent chute-gate 10 410 
Overhand atopee 10-160 et seg 
Btoping 10-124, 10-127 
summary 10-197 
Ovetlep, sedimentary 2-16 
Over-stroking of oil-well pumps 44-18 
Overetrom Universal table 88-81 
Ovenrinding allowance 12-62 
by dec hoist 16-10 
in diafta 12-116 et eeq 


Owens borehole eurveyiag 9-67 
Owyhee tunnel, procedure 6-tl6, 6-20 
Oxidation affecting mine air SS-^ 
of orebodiea 10-18 
of sulphide ores 10-17 
Oxides in rocks 2-02 
Oxidixation minorala 1-10 
Oxidising agents in cyanidation 86-48 
Oxygen consumption by breathing 88-11 
in cyanidation 33-07 
deficiency, effect on lamiw 13-88 
depletion in mine air 38-68, 88-81 
in mine air flS-64 

Oxygen-breathing apparatne 88-88 et seg 
Ozocmita 2-31 
nature of 1-61 


Pacbuca cyanide tank 88-17 
cyaniding coat 83-66 
Pack, timber, Rand 10-148 
Packing of ore 11-02 
PackwaUs 10-162, 10-163 
Paints, mineral 2-32 
Paleozoic rocks 2-18 
Palladium, assay for 80-18 
occurrence of 2-27 
Palong, Malayan 10-621 
Pamlico mine, tracing float 10-22 
Pan amalgamation 81—18 
assays SO-Ot 

conveyers, coal preparation 88-10 
gold washing 10-637 
loading, for shaft-einking 7-11 
Panel slicing 10-316 
Panels, coal mining 10-488, 10-493 
Pangbom dust collector 38-18 
Panning, exploration by 10-22 
gold 10-637 

prospecting by 10-27, 10-29, 10-32 
tests 31—11 
Pantograph 17—10 

P. A. P, allUTial prospecting drill 9-08 
Papua, dredging in 10-599 
Parabola, equations of 36-33 
formulas for 86-03 et eeq 
geometry of 36-10 
mensuration of S8-18 
plotting 86-06 

Paraboloid, mensuration of 36—18 
Parallel axis theorem 86-48 
line Burveying 17-88 
operation of d-c generators 4SHW 
slicing, Mesabi 10-303 
Paralleling of a-o generators 48-17 
Parallelogram, area of 36-11 
of forces 86-88 

Parallelopiped, meneuration of 86-18 
Parallolopipedon of forces 88-80 
Pardee Dam, tramway 86-88 
Park City, Utah, breast stoping 10-141 
Cons Mines Co, methods 10-262 
hand drilling in slopes 10-126 
Parkersburg oil-well pump 44-17 
PariE-Utab mine oar 11-11 
scraper loading 87-30 
scraping 10-211 
signal aystem 12-88 
tunnel set 6-22 

Parral, Max, filled stoping 10-266 
Parrish acrean 38-08 
Partial prssaura 36-88 
l^rticle also, determining 81-68 
Parting of gdd-allvor beads 80-14 
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Partition! in frame buildinge tS-IT, 4S-40, 
49-41. 

Paacal’a law of hydrostatics I8>>M 
Paasacewaya, sir currents in 14-09 
Passenger tramways S4M4 
Passing point of caxes in shaft 12-10 
Patent, proceedings for 94-08, 94-18. 94-19 
survey 17—87 

Pato Cons Gold Dredging, Ltd, data 10-598 
Patronite, nature of 1-51 
Paul oxygen apparatus 99-88 
Pay-days, interval 99-10 
Payment for metalB in ores 99-08, 99-14 
Payroll 91^10 
sheet 90-09, 90-11 
Paysant lettering pens 17-14 
Payetreak 10-534 
Peabody Coal Co methods 10-491 
Peak load, elec 49-38 
Pearce-Low method for tin 90-18 
Pearlite 2-04 
Pmt 2-29 

Pechetbron oil mining 44-84 
Pecos mine, drift round 10-99 
raise round 10-114 
Pedometer 17-09 

Peg method of level adjustment 17-08 
mine models 19-09 
Pegmatite 2 04 
mmerabi of 1-10 
Pellet powder 4-08 

in coni mines 93-35 
Pelton water wheel 4(M4 
for hoist 12-59 

Pemberton Coal Co, mechnnisstion 97-94 
Penalties on smelting ores 39-06, 89-19 
Pendulum readings lO-A-05 
Pendulums, gravimetric-survey 10~A-03 
Pensions 22-14 
Trail, B C 22-17 
Penna nntlirarite, boring for 10-37 
arbitration in 22-18 
cost of oil wells 9-36 
labor law 22—16 
Pentice, shaft-sinking 7-05, 7-11 
Perch measure 48-82 
Percolating bed fur sewage disposal 22-32 
Percolation in cyanide tanka 38-16 
cyanide tests 81-17 
Percussion, center of 36-87 
Perfect-discharge elevator 27-82 
Perforating oil-well tubing 9-28 
Peridotite 2-06 
Periods, geologic 2-17 
Permanganate method for antimony 30-19 
Permeability, magnetic 42-04 
Permissible electric lamps 98-97 
expbisivcs 4-06, 4-22 
gases from 93-08 
safety lamps 93-20 
Permutations 36-06 
Perpendiculars, constructing 36-08 
Perry formulss for missing water 88-16 
Persia, oil-well practice 44-06 
Pertenencia, Mexican 84-88 
Petroleum, composition of 1-61 
lease, Alberta 94-89 
Saskatchewan 94-86 
mining 44-34 
' occurrence of 2-31, 44-09 
origin of 2-31 
prices of 95-94 
sp gr of 2-31 

Pewabic mine, block-caving 10-340,10-342 


PhanstroB ractifler 41-14 
Phaae connectioaa, induotion motora 41-19 
Phaaea of synehroneua motora 41-18 
Phelpa Dodge Cor|^ acoounte 11-91 
Ajo, Aris, open-pit mining 10-440 
prospect drilling 10-58 
Bisbee, Aria, glory-holing 10-460 
Mitchell slicing 10-228 
top-slicing 10-316 
boring records 10-47 et aeg 
Clifton, Aris, combination method 10-384 
diamond drilling 9-61 
Jerome, Aris, calyx boring 10-121 
diamoud-driiliug 10-67 
filled nil stope 10-273 
flat-back filled stope 10-248 
open-pit miiung 10-441 ei *eq 
timber treating 10-236 
top-slicing 10-320 
mine dwelUngs 99-96 
Murenci, Aris, block caving 10-346 et leg 
combination method 10-384 
flat-back filled stope 10-248 
inclined top-siicing 10-322 
open-pit mining 10—449 
Morenci-Mctcalf, top-slicing 10-313 et eeg 
shoveling data 10-103 
Warren, Aris, filled rill stope 10-265 el leg 
Phenocrysts 2 03 
Philadelphia leveling rod 17-08 
Phila & Reading C & I Co, costs 91-96 
Philippine Is, public lands 24-08 
Phillips cross-over dump 11-31 
Phlogopite, ocrurrenrs of 2-32 
PhonoUte 2 06 

Phosphate, Fla, bore testing 10-55 
mining 10-459 
stripping 3-16 
mining law, B G 24-34 
mining, Tcnn 10-467 
rock, prospecting 10 33 
Tenn, bore testing 10-56 
Phosphates, mineral 2-32 
prospecting for 10- 24 
Phosphorus, salt of 1-09 
Photo-elec cells 16-21 
Photographic borehole surveys 9-67 
surveying 17-48 
Photographs, aerial 17-49 
Photo-magnetic borehole surveying inatrumenti 
9-64 

Photostat prints 17-11 
Physical properties of rocks 10-A~30 ei teq 
Picber distr, shoveling 10'-134 
No 1 mine, Okla 10-137 
Pick breaker for coal SB-08 
Pickands Mather & Co, scrapers 10-419 
Picking tables for coal 36-03 
Pick-up of li-o generator 48-09 
Picric acid as explosive 4-06 
“Piece-rate” system 29-06 
Pierce Co, Wash, pillar drawing 10-603 
coal mining 10-601 
Piercing, prospecting by 10-24 
Piexometer 36-89 
Pigments, mineral 2-32 
prices of 26-24 
Pigstyes, Rand 10-148 
niares mine, shaft-raising 7-12 
shaft, cost 7-24 
Pile foundations 43-08, 43-09 
Pilgrim mine, underhand sloping 10-154 
Pillar, concrete 10-135 
fencing 10-246 



INDEX 


42 


mUr mining of ooal X<^-473 
Franklin mina 10<480 
Miami mine 10^1 
apacing 10-171, 10>-173 
work, mecbaniaed IT»18 
PilUr-caving, DeBeera nunea 10-363 
mining methoda 10-371 
PiUar-and-chamber workings 10-176 it aeg 
PiUara, artificial 10-103 
in breaat stopes 10-134 
eoal, robbing 10-501 it sag 
coal mine, aiae of 10-476, 10-478, 
10-491 

effect on aubaidenoa 10-624,10-530 
mining 10-123 
of ore 10-162, 10-163 
Rand 10-145, 10-148 
percentage of ore in 10-135 
recovering ore in 10-135 
reinforcing 10-134 
strength of 10-630 
sub-level caving 10-327 
Klot mill advocated Sl-Ot 
raises 10-109 
treatment plant 
Pine wood, properties 43-30 
Pin-terminal rail bonds 16-OT 
Pioneer mine, raise round 10-113 
Pipe coverings 41—18 

fitUngs 41-16, 41-17. 41-18 
friction in 11^14 
iron and steel 41—13 it aeg 
lines, design of 38—88 
for oil 44-86 
water-supply 38-88 
sampling 89-03 
standard siaes 38-17 
ventilating 14-13, 14-16 
Pipes, flow in 38-11 it sag 
flow of gases in 39-08 
flow of water in 88-18 at sag 
for flushing mines 10-513 
friction of water in 13-08 
hydrostatic press in 88-07 
for sand filling 10-423 
steam 49-81 
stresses in 88-81 
Piping over side 10 500 
for pumps 48-38 
Piston air drills 16-09 
drills in mines 10-94 
in shafts 7-06 
speed, determining 39-04 
hoisting engines 12-46 
valves on steam hoists 12-51 
Pit sampling 83-10 
Pit-car loaders 87-18 
Pitch circle of geare 41-08 
Pitchblende, occurrence of 2-27 
testing for 10-26 
Pitches and flats 10-16 
Pitching coal seams, development 10-470 
longwall 10-507 
mining 10-490 
stripping 10-468 

Pitot tubs for air messurv meats 14-22 
for gases 88-00 
hydraulic 88-30 

Pits, prospecting 10-22, 10-20, iO-33, 10-34 
Plttglrargh Cosl Co, accounts 81-88 
cost of track 11—26 
mins ear 11-05 
■smpting schedule 88-11 
pegion, coal nuning 10-483 


Pin nec dnln, loeating 8 6'8t 
nature of title S4 fM 
survey 88-18 
eUims, BC 88-88 
Calif 88-18 
laws on 84 f 44 
NWTerr 88-81 
survey of 17-87 
deposits 10-17, 10-533 sf sag 
drills 9-41 
gold deposits 2-26 
vravel, Empire drilling 9-05 
mining 10^3 s< sag 
methods classified 10-640 
sampling 88-13,86-44 
Placers, examination of 88-88 
test-pitting in 10-23 
Placing concrete 43-11 
Plagiodaaee 1-05 
Plane, equations of 36-86 
motion and rotation 86-66, 8f-4T 
Planes, self-acting, curves on 11-18 
IHsns-table surveys 17-46 
Planimeter 17-06 
Planimstric map 17-88 
Plank, allowable loads on 48-88 
chutes 10-403 

Plant, surface, for tunneling 6-06 
Planti storage battery 48-38 
Plaster, testing on 1-08 
Plaatering in buildings 48-41 
Plats amalgamation 81—16, 38-08 it a«g 
feeder for coal 88-08 
Plates, steel, in sluices 10-568 
Platinum dredging, Alaska 10-594 
metals, assaying 81^16 
sources of 2-27 

Plat-O coal-washing taUo 88-80 
Pleistocene rocks 2-18 
Plotting traverses 17-11 it uq 
Plowing in earth 3-05 
Plow-ateel hoisting topes 12-19 
Ping and feathering 5-24 
Plugs for underground survey stations 18 08 
Plumb-bobs, surveying 18-08 
Plumbing shaft instrumentally 18-81 
in taping 17—18 
Plonger pump 40-80 
Pneumatic flotation, testing 31—18 
shaft-sinking 8-12 it seg 
signals for shafts 12-80 
Pasumatogen apparatua 88-00 
Pocahontas field coal mining 10-487 
Pocket compass 17-00 
Pockota, coal-loading 84-14 
shaft 12-119 it seg 
in square-set stopes 10-212 
Pod auger boring cost 9-04 
Pointing boles in headings 10-94 
Poise 88-08 

Poisoning by cyanide 33-30 
Poiason’e ratio 10-'A-21, 48-08 
ratios for rocks lO-A-38 
Polar distance of Polaris 17-88,1T<4V 
Polaris, observations on 17-80 
Poles and cross-arms 10-08 
lor elec distribution 48-80 
Polish rod, oU weU 44-10,44-17 
Polished snrfaces, exam of 1-00 
Polishing conunutatora 484W 
Polyconic projection 17-18 
Polygon, area of 88-11 
moment of inertia 84-47 
Poly^wse circuits 48-14 
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Poljvbu* transfomatioos 
Pontoon hotl for dredges 10-5S1 
Pony sots 10-351, 10-376, 10-360 
Pooled eotap fund tt'iOd 
Poole, pOtr(rieum 2-31 
Porcupine, Ont, diamond drilling 10-40 
headframe 12-69 
Pore apace flllinge 10-16 
Porosity of brick 46-10 
msBsiirements in weUs lO-A-20 
of rocks lO-A-38 
Porphyritic texture in rocks 2-03 
Porphyry copper deposits, boring in 10-67 
test boring 10-74 
mines, haulage in 10-90 
stripping limits 10-470 
Porphyry shaft, Ariz, cost 7-26 
Portable cable-tool rigs 0-14 
churn drills 9-41 
compressors 16-16 
gas analyzers 23-SO 
magazine for explosives 4-16 
steam hoists 12-50 
Portland cement, properties 46-06 
sources of 2-29 
mine, overhand stoping 10-166 
tramming 11-32 
Porto Rico, public lands 24em6 
Post brake for hoists 12-16 
Post-butting square-sets 10-214 
Post-hole digger 9-04 
Posting notice on claim 64^-18, 84-16 
Posts, sill-floor 10-220 

spacing in square-sets 10-213 
Potash for assaying 30-05 
deposits 10-16 
salts, diamond drilling t>-60 
Potassium salts, ocourrence 2-32 
Potential control for d-c motors 46^48, 48-11 
of induction motor 48-80 
ratio dec prospecting method lO-A-17 
Potosf, Bolivia, hand drilling in stopes 10-126 
Potreriltos, Chile, block-caving 10-365 
Potsdam gold ore, Ko link 2 -25 
sandstone Cor building 2-28 
Powder consump in drifting 10-93 
drift 10-295 
Power 86-68 

of alt current 48-14 
for anthracite breakers 34-84 
of belto 41-04, 41,06, 41-07 
for bucket elevators S7-SS 
for coal crushing 35-06 
comp-air 15-08 e( aeg 
for compressors 15-05, 18-04 
for cone crusher 88-08 
consumed, Alaska Treadwell 81—11 
Goldfield Cone 81-06 
conversion factors 88-80 
cost of 40-06 et aeq 
for crushing rolls 88-11, 86-18 
diagram, coiiical-drum hoist 12-34, 12-37 
cylindro-conioal hoisting drum 12-40 
for dragline dredging 10-601 
for dragline excavators 10-456 
for dredges 10-584 
elec, for mines 16-08 e< atg 
units of 48-08 

ezoavators in placer mining 10-549 
factor of alt current 48-14 
of induction motors 46-18 
lor feeders 8T-S4 
generation, oosta of 46-07 
for gravity acampa 88-14 


Power for gyratory cnishera 88-06, 86-08 
for hoisting 12-60 
hydro-elec, cost of 10-596 
for jaw crushers 86-03, 88-04 
lines in mines 83-50 
measurement of 46 -44 
for mine fans 14-61 
plants, electric 48-84 
heat rates of 40-04 
requirements, mining, etc 46-08 
in rope drives 41—10, 41—11 
scrapers in placer mining 10-545 
shovel for coal stripping 10-464 
in placer mining 10-546 
shovels 3-08, 3-16 
economics 3-02 
in open-cut mines 10-434 et aeg 
in stopes 10-421 
systems 46-08 at aeg 
tramway 84-84 
for tube-mills 33-18 
ventilating-current 14-24 
for ventilating mines 14-07, 14-33 
Power-driven tramways 86-87 
Power-factor meter 48-08 
Power-plant testing 40-43 
Power-ahovel tonnage catimates 10-74 
Powers, algebraic 36-44 
Pre-Cambrian rocks 2-17 
Pro-cast shaft sets 7-18 
Precipitates, rock-forming 2-09 
Precipitation from cyanide sols 36-08, 06-10, 
36-88 e( aeg 

of sulphide ores 10-19 
Precise leveling 17-80 
levels 17-08 

Precision in surveys 17—17 
Preformed wire rope 12-21 
Preliminary RR survey 17-40 
Premature blasts 83-36 
Premier diamond mine, open-out 10-433 
Preparation of coal 85-08 et aeq 
“Prepared sizes" of anthracite 34-08 
Present worth of money 43-08, 46-54 
Preservative treatment of timber 7-17,10-235, 
43-33 

Proaidio mine, drift round 10-100 
Pressure for air drills 15-35 
atmospheric 36-05 
measuring 14-2.3 
due to explosions 86-45 
gage, recording 14-24 
gages 40-44 

hydraulic, measuring 56-88 
hydrostatic 86-04 et eeg 
maintenance in oil wells 44-04 
mean dffec 58-04, 38-16, 88-10 
of mine air 14-03, 14-07 
of mine fang 14-4,5, 14-52 
of mud fluids 9-20 
natural, gas 44-08 
natural-draft 14-35 
potential, airways 14-32 
on shaft walls in soft ground 8-02 
staging of turbinss 40-18 
steam, for hoists 12-46 
system of ventilation 14-06 
in ventilating circuits 14-26 
Preventioa ot mine Area 86-48 
Prices of metals, etc 85-83 el leg 
Primacord Mastiiig fuaa 4-28 
Primary elec batteries 48-84 
minsrala 1-10 
Primers, biasring 6-12, 6-18 
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Ptimiac in boilen 40>M 

centrifucnl pumps 13-10. 13-lf 
of explosivM 4-19 
of pumps 4(M0 
Primiag'pumps 13-20 
Prince LMpold mine, toihslicing 10-324 
Principal point 17>4io 
Piias midti-flow coal washer SS-tO 
Prismatic compass 17*^ 
telMcope on transits 13-11 
Prismoidal formula 17-98, 94-18 
Prisms, mensuration of 94-19 
PriTSte lands, minerals on 84-08 
Probability 94-04 
Probing, prospecting by 10-24 
Problems, mine-eurvry 18-89 
Producer gas for dredge fuel 10-309 
Producers, gas 40-48 
reactions in 90-99 
Production cost, estimating 88-89 
Products made from minerals 1-12 
Profile leveling 17-88 
paper 17-10 

Profit, daily estimate 80-08 
from mechanisation 87-80 
Prony brake for measuring power 40-44 
Propagation of explosions 89-49, 89-44 
Propane in mine air 89-04 
Propeller fans 14-41 
Propelling force of explosives 6-17 
Property boundaries, legal 17-10 
Proportion, mathematical 94-09 
Proportioning concrete 49-10, 49-11, 49-19 
Proprietary mine, NSW, filled etope 10-259 
Props in barricades 10-618 
top-slicing 10-299 
Prop-alicing 10-209 
Mesabi 10-307 
Prorating of oil wells 44-04 
Prospect 10-03 
shaft, coet 7-23 
Prospecting 10-03 
with augers 9-03 
with churn drills 9-41 et teq 
concession, Mexican 84-99 
conditions for 10-04 
cost of 10-06 
equipment, etc 10-77 
geological data for 10-06 et eeg 
methods 10-21 et etiQ 
permits, U S 24-18 
placer gravel 10-605 
Prospective ore, estimating 8348 
Prospects, valuation of 8947 
Protecting trolley wire 16-07 
Protective clothing for miners 29-97 
Proto oxygen apparatus 29-99 
Provisions for prospectors 10-78 rt teq 
Proximate coal analysis 2-29, 9040 
Psychology of sampling 99-08 
Psycboxoic rocks 2-18 
Psychrometers 23-02, 29-09 
Public domain, U SI 2444 
Puddling clay 10-620 
Pnertoeitoa, Mex, open-cut mine 10-431 
Pull in taping 17—18 
Pulleys for bolts 41-07 
PnUing of nails 49-97 
stumps 3-12 
Pulmotor 89-47 
Pidp eonsiatency formulas 91-81 
PtttToriged coat fuel 40-18 
Pumico 2-04 
Pnom, air-lift 1348 H aeo 


Pump, for oonraoting 6-24 
rooms 13-16 

Lansford, Pa 13-06 
Pumping by comp ^ 13-48 
at Fla phosphate mines 10-460 
jacks, oil-well 44-18 
ail wells 44-12 et eeq 
station. Greenwood colliery 18-17 
Haaleton shaft 13-07 
Pnmpa 4048 et eeq 
diamond-drill 9-60 
displacement 13-43 
on dredges 10-584 
elec 16-13 
for gravel 10-624 
placer mining 10-676 
for grouting 6-26 
for hydraulic stripping 10-606 
installing 40-88 
mining 13-11 et eeq 
makers 16—81 
Purchased power 40-08 
Pure ores, crucible assay 8348 
Purification of boiler water 4040 
of water 82-87 et eeq 
Push ehovels, mechanical 3-10 
Pyramid stopes 10-204 
Pyramid-cut in shafta 7-08 
tunneling 6-08 

Pyramids, mensuration of 86-14 
Sprite in assay charges 80-09 
sale of 32—17 

Pyrotannic monoxide tester 8940 

Pyroxenite 2-06 

Pyrrhotite in sand filling 10-421 

Quadratic equations 96-06 
Quadrilateral, area of 96-11 
Quarriea, blasting in 4-24 
churn-drilling in 9-44 
fatality rates 8347, 8948 
underground slate 10-177 
Quarry bar 6-08, 1348 
blasting 5-12 
tools, pneumatic 1540 
tramway loading 9640 
Quarrying 6-23 et seg 
Quarter-girth rule for timber 10-226 
Quartering of saniplos 9949 
Quarter-section, U 8 lands 1748 
Quartz-diorite 2-06 
Quartzite 2-09 
Quaternary rocks 2-18 
Quebec, asbestos mining 10-453 
mining law 8446 
prospecting in 10-30, 10-31, 10-77 
Queen mine, slicing system 10-227 
Quenching of drill steel 6-06 
Quests, N M, drifting data 10-93 
resuing 10-246 
Quicklime, source of 2-28 
Quicksand, nature of 3-03 
Quincy mine, haulage in 10-90 
hoisting 12-b9 
hoisting drum 12-10 
hoisting speed 1246 
open stoping 10-174 
scrapers 87-86 
skip 12-107 
skip dumping 12-113 
Quit-claim deed 2448 

Raccoon Bond oil field pmctica 44-08 
Rack-a-rock at Golden Ridges mine 10-469 
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Saek>nil lacM 11-36 
KadUsUemc 16-336 
McsBbi 10-304 
top^Udac 10-312 
lUdialaxe coal cotter 16-41 
Sadiu 36-11 

Xadiatiag oflocta, aurveyins by 18^-16 
Kadiation of beat 36-36 
Radicala, iJcabraio 3MM 
Radio vavaa for proapactiiif lO-A-lO 
Radioactivity of roeka lO-A-41 
surveys lO-A-28 
testing for 10-26 
Radhim, source of 2-27 
testing for 10-24 
Radios of gyration 86-46 
Rafter sets in drifts 10-108 
Rail bonding 16-07 
props, Rand 10-148 
rifBee 10-666 
shipping of explosives 4-10 
stations on cableways 16-13 
Railroad ears for earth haulage 3-06 
tractive resist of 11-29 
embankments 3-18 
location survey lT-60 
work, blasting for 4-26 
Ralls, adhesion to 11-36 
bending 11-17 

elec resistance of 16-04,1 6-06 
steel, for mines 11-14 
Railwaya, industrial 3-06 
Raimond iron mine, scraper loading lT-30 
Rainfall 36-83 
Raise 10-03 
timbering 10-360 
Raises 10-109 e( »eq 
branched 10-336 
^ory-hole 10-461 
hand drilling in 10-119 
Miami mine 10-350, 10-379 
spacing of 10-91, 11-44 
sub-level caving 10-326, 10-330 
M winies 10-120 
Raising, examples of 10-116 
through fiUed stops 10-118 
of shafts 7-12 
Ralph gas detector 23-36 
shaft headframe 12-72 
Rand, boring on 10-34 
cyaniding oasts 33-36 
development of deep mines 10-86 
deviation of borehedes 0-63 
diamond drilling 9-69, 10-66 
diamond'drill core recovery 9-56 
explosive for shaft^inking 7-09 
fuse igniter 7—10 
gold mining costs 21—IT et teg 
grinding for cyanidation 33-11 
hand drilling in stopes 10-126 
hmsting guides 12-83 
practice 12-68, 12-69 
level interval 10-91 
mining nMthods 10-144 at seg 
pack walla 10-163 
prospecting 10-31 
roek-buists 28-64 
sand Oiling 10-421 et teg 
seraping in stopes 10-4M 
shalt^nking coots 7-29 
shaking ehutea 10-416 
spacing of raises 10-92 
steam hoisting 12-51 
strength of pillars 10-630 


Rand, underground haulage 10-60 
ventilation 14-06 

Randfontain Central ahafts, hmating 12-80 
Estates ey snide plant 8^48 
mine ekip 12-110 
ehaft, coat 7-30 
Random lino sorvqring 1T-'2T 
Randaburg, Cal, dry wsehing 10-840 
Ranga lines lT-20 
U S lands lT-21 
Rankins cycle 39-36, 3 3 4 0 et teg 
formula for bins 12-131 
for columns 43-06 
for esrth press 4^16 
Ranney oil-mining process 44-84 
Rantau Tin Dredgi^ Co equipment 10-627 
Rate of combnetion 36-34 
Rate-flow meter for gas 40-48 
Rating of d-o motors 42-11 
of elec machines 41M>3 
of gas producers 46-43 
of gasolene boistiag engines 12-66 
of hoist motors 12-32 
of inosndescsnt lamps 43-33 
of induction motors 46-13 
of mine fane 14-46 
of storage batteries 43-86 
Ratteree mining method 10-211 
Rawley tunnri 6-16 
coot 6-27 
procedure 6-24 
Ray, Arix, enriched sons 10-20 
Ray Cons Copper Co, accounta tO-06,20-06 
block-caving 10-364 
borehola estimates 10-76 
boring at 10-58 
churn-drill samples 10-46 
combined method 10-374 
leaching ore 10-400 
modified asrstem 10-378 
atoping method 10-131 
tramming 11-32 
ventilation 14-06 
Reaction steam turbines 40-16 
water wheels 46-16, 4644 
Reactktna, explosive 4-02 
mineral-forming 10-06 
in sulphide enrichment 10-19 
Reagents, assay 60-64 
blowpipe 1-07 * 

flotation 61-12, Il-^U 
Reamers, cable-to^ 9-12 
Recalescent point of steel 6-06 
ReceiTets, comp-air 16-26 
Record, aempling 16-16 
of aurvay, Calif 24-16 
Recording dee meters 4666 
gages, bydraulio 66-19 
Records for boring 10-47 el teg 
daily mine 2666 
gedogic 16-04 
mine labor 60-06 
auppUea 26-11 
wM-lring^see 26 66 
Reciprocala of numbeia 4666 et ttg 
Racipracatiag compremora 13-06, li-M et teg 
eapae of 1366 
feeder for eoal 66-64 
pumps 4666, 46-00 
rook drill 16-M 
steam angina 466T 
Racinnlntion of air 14-38 
Reconnaisaanca sntray lT-66 
Rscovatabla ora, eetimating 66-28 
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RecoTering mine timbcK 10-223 
ore in pillars 10-135 
Recovery of caved stopes 10-233 
in coal mining 10-472 
Illinois 10-491 
after explosions 13*^^ 
by flotation 31'-i9 
mill 31-M 

in tin dredging 10-627 
Rectangle, geometry of 36-11 
moment of inertia 36-46 
Rectangular sliafts 7-02 
Rectiflera, elec 42-24 
Reda centrifugal pump 44-12 
gss-lift pump 44-06 
Red Crosa blasting powder 4-03 
Extra dynamite 4-09 
Redding Cr., Cal, Ruble elevator 10-675 
Red Jacket shaft, Mich 10-87, 10-88 
hoisting 12-59 
workings 10-167 
Reducing power of ore 30-10 
Reduction gear for oil-well pumps 44-16 
gyratory crusher 26-06 
ratio, cone crusher 28—06 
gyratory crusher 26-06 
in ore crushing 26-02 
of rolls 28-12 
Redwood, properties 43-31 
Reed oU-well bit 9-20 
Reefs, So African 10-144 
Reels, hoisting by 12-11, 12-32 
for tapes 18-16 
Re-entry cteam turbine 40-18 
Refining of cyanide precipitate 33—84 
Reflection of bent 36-38 
seismic lO-A-24 
Reflector signs in mines 38-28 
Reflectors for elec lamps 42—34 
Refraction, correction for 17-23 
seismic lO-A-23 

Refrigeration of mines 14-59 ft teg, 23-14 
Refuge chamlMsrs in collieries 23—66 
holes in haul age ways 28-34 
Refuse, coal, disposal of 36-14 
Regalian doctrine 24-06 
Regeneration nf cyanide 33—24 
Regional-metamorphic rocks 2 -09 
Regulsting a-c generators 42—16 
synchronous converter 42—23 
transformers 42-38 
trausmission line 42—26 
Regulations, Jjand Dept 24-12 
mining 24^412 

Regulators, air-compresaor 18—16 
tramway 26-26 
ventilation 14-13, 14-30 
Reheating comp air 16-37 
for hoists 12- 53, 12 54 
Reinforced concrete 43-12 et teg 
Reinforcement of concrete shaft lining 7-19 
Reinforcing pillars 10-134 
square-sets 10 -222 
Reinhardt lettering 17—14 
Relative humidity 23-02 
control of 23-14 
Relief on aerial photos 17-81 
Relighting safety lamps 23-38 
Relocation of claim, Calif 34 — 16 , 34-17 
Reluctance, elec, unit of 43-03 
Remote-control ventilating lioors 14-12 
Renton, Wash, shale quarrying 10-463 
Reopening an abandoned mine 10-88 
' ' sealed areas 23-61 


Repair of tapes 16-16 
of tramway cables 26-16 
Repairs, drill, cost of 7-07 
Repetition in angle reading 17—16 
Replacement ore depoaits 10-10 
Reploifle mine, shrinkage stoping 10-282 
Reports on industrial accidents 22-13 
on mines 25-02 et eeq 
writing 26-30 
Repose, angle of 3-03 
ROpressuring of nil wells 44-16 et a«q 
Republic mine, chambering 10-176 
Re-running old lines 17-36 
Resampling of ore 39-11 
Re-acreening of coal 85-07 
Rescue crews 33-57 

work, organisation of 38-60 
Resection, locating points by 17—46 
Reservation of miiiernl lands 34-06 
of mineral rights 34-03 
of mining rights 34-08 
Reservoir press in oil wells 44-04 
Reservoirs, underground, tapping 13-04 
Residual iron ore, prospecting 10-33 
ore deposits 10-16 
placers 10-534 
Resilience 43-03 

Resistance in air currents 14-31 et aeq 
to air flow in mines 14-08 
car and track 11-27 
of copper wire 4-31 
of d-c generator, testing 43-06 
of elec tiring devices 4-30 
elec, of conductors 43-06 
units of 43-03 
of water, etc 16-09 
factor, airway 14-32 
grids for elec locos 16-13 
Resistivity measurements in wells 10 -A-20 
of rocks lO-A-34 et teg 
Resoiiing by dredges 10-599 
Resolution of force 36-SS 
Resonance in a-c circuits 43—18 
Respiration, artificial 33-64 
Restriction of oil wells 44-06 
Resuing 10-245 
Hand lU-146 

Resultants, concurrent forces 86—39 
graphic solution 86-30 
nouconcurrent forces 36—33 el aeg 
Resuscitation apparatus 33-87 
Retaining walls 43-16 el arg 
Retirement benefits. Federal 38-14 
Retorting of amalgam 33-06 
Retreat pillar robbing 10-502 

systems, amygdaloid mines 10-175 
Retreating longwall U) 505 
Retrograde vernier 17-04 
Reverse fault 2-13 
Reversible tramways 86-36 et aeg 
ventilating fans 14-14,14-41 
Reversing of air flow in nuues 14-08 
of steam hoists 12—62 
ventilation 33—63 
Revolving dump-car 11-05 
screens, uoal-sizing 34 - 16 , 34-17 
shovel, reach of 3-08 
sorting table 38—16 
Reynolds number 36-03 
for steam 40-31 

Rbeinpreusaen colliery drop-shaft 8-17 
Rheolaveur coal cleaner 36-18 

coal -cleaning system 34 — 11 , 84-31 et aeg 
and Stump Air^ow plant 88-33 
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RliMatat coatral of induction motor 4I>40 
Rbeosteto for eieo hoiatin^ 

Rbodoaia, audent mines 1(M)6 
boring in 10-60 
hand stopiug 10-126 
Rhyolite 2-04 

Nev, hand drifting 10-08 
Biblet tramwaya S6>31 
cable tension tO>t6 
Rice rock-duet barrier 88-48 
Rice, G. S., on subsidence 10-621 et $eq 
Richards coal stripping 10-469 
screen scale Sl-KiS 
Riffle 10-540 
samplers ZO-Oi, S9-0T 
Riffles for dragline dredging 10-601 
placer-mining 10-565 et aeq 
Riffling of dredges 10-586 
Rift of building stone 5-23 
Right of way for ditch 86-07 
Right-angle triangles, functions of 38-17 
Rigbter Coal R Coke Co, gosolene loco 11-37 
Rill, shrinkage slope 10-275 
stope 10-160 
stopes 10-131,10-205 
filled 10-262 at aeq 
Rimogne slate quarry 10-177 
Ring, circular, mensuration of 88-16 
concreting of shafts 7-19 
drilling 10-131 

Horne mine 10-190 
Mt Isa mine 10-196 
Ringrose firedamp alarm 88-89 
gas detector 83-87 
Rio Tinto, ehiimher mining 10-176 
copper deposit 2-23 
mine, subsidence 10-525 
Rittinger screen scale 31-03 
River-bar placers 10-535 
Riveted connections 43-47, 48-48 
steel pipe S8-1B 
Rivets, listed 41-81 
spacing of 43-47 
Road building, blasting for 4-24 
crosa-ecctionB 17-87 
Roads for drills 10-37 

Roan Antelope Copper Mines, accounts 81-33 
borehole sample calculation 10-42 
dwelling 23-34 
macliiuc loading 10-105 
mining methods 10-179 
Roasting before cyaniding 83-11 
Robbing pillars 10-501 et aeq 
Robinson Deep, development 10-87, 19-144 
hoisting ropes 12-26 
refrigerating 14-60 
sand filling 10-424 
Rock 2-02 

alteration of 10-18 
broken, loading of 5-21 et aeq 
bursts, Rand 10-146, 10-146 
chute, coal mining 10-497 
on dredges 10-577 
coeS in blasting 5-12 
drills 18-89 et aeq 
classified 16-33 
manufacturers 16-54 
dust 88-44 

in mine air 88-11, 8»-i8 
section for sbafto 7-03 
structure, effect on subsidence 10-525 
temperatures 83—18 
underground 14-56 
Rock'bursts in metal mines S3-S4 


Rock-dust digtrflratora IMl, 88-47] 
makers IS-Sl 

Rock-dusting coal minoe 88-48,18-47 s( aeq 
Rockor, gold-washing 10-638, 88—18 » 

Rock—W dam 48-88 
Rock-holes, cbal mining 10-497 
Rocks, igneous 2-03 at aeq 

physical properties lO-A-30 at aeq 
toughness of 5-02 
weight of 18-81 

Rod, leveling, underground 18-14 
Rod-mills 38-18 
Rods for diamond drilling 9-46 
Rolled steel, standard shapes 43-44 
Roller-bearing mine-car wheels 11-11 et aeq 
RoUera for ropo haulage 11-41 
Rolling of ore samples 35-09 
planimeter 17-09 
resistance on track 11-27 
Roll-feeders 87-85 
for cool 36-04 
Rolls, coal-breaking 84-17 
crushing 88-10 el aeq 

Roman method for measuring overburden 
lO-A-14 

Rondout siphon drop-ehaft 8-10 
Roof, coal mine 10—473 
support, Rand 10-148 
trusses 43-86,43-39 
Roofing of frame buildinim 43-41 
Room hoists, makers 16-31 
and pillar si^es 10-491 
work with conveyers 27-19 
Room-and-pillar coal mining 10-474 et aeq 
workings 10-149, 10-176 et aeq 
in drift mine 10-610 
ventilating 14-17 

Rooms, cost mine, apacmg 10-476, 10-478 
Root mean square value of alt current 48-18 
Roots, algebraic 36-04 
of numbers 46-86 el aeq 
Rope and cable measure 46—46 
drive for tramway 86-86 
drives 41-09 et aeq 
fastenings 12-28 
haulage 16-11 
curves on 11-18 
underground 11- 41 et aeq 
for mono-cable tramway 86-41 
for windlass 12-57 
Ropes fur cableways 86-44, 86-46 
for diamond-drill hoisting 9-60 
hoisting 12-19 et aeq 
for oil-well rig 9-11 
for underground haulage 11-41 
Ropewsyp, aerial, in stopes 10-416 
Roscoelite, tests for 1-51 
Roseberry mine, deep-hole hammer drilling 
10-71 

Rosiclare, SI, shrinkage stoping 10-280 
Robb shaft, cost 7-26 
Rossland, framing square-sets 10-226 
timber consumed 10-224 
Ro-tap sieve shaker 81-04 
Rotary bits, oil-well 9-20 
blowers 16—80 
va cable-tool drilling 9-24 
car dump 11-30 
converter 16-06, 68-48 
drilling for oil 9-15 et aeq 
sampling 9-31 

oil-well drill specifications 9-22 
pumps 40-61 et aeq 
Rotary-drill outfits, examples 9-23 
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ttotation of hammer drills UMf 
mathematica of Si-U 
meohanios of t6>4i 
of track oablo M-IT 
Rotherham oxygoo apparatne M-M 
Roto-Cloae duet coOector 4S-M 
Roand, bluting, in reism 10-109, 10-110 
in tunnels (M)2 <( eea 
Round Mt, Ner, borehole aMsys 10-44 
Round Valley tungsten glory-holing 

10-403 

Rounds, drifting 10-94 et *tq 
shaft^inking 7-07 et teg 
tunnel drilling 0-08 et teg 
Round-tlml^ square-sots 10-217 
Routine of drifting 10-100 
of rainng 10-110 
Ronyn, Quebec, proapecting 10-30 
Rowe iron mine, hydraulic stripping 10-408 
Royalty, lease 
mining, NW Terr 84-81 
Rubber belts 41-08 
lining for akipe 12-112 
Rubber-lined pipe for sand Oiling, 

Homeatake mine 10-420 
Matahambre mine 10-424 
Rubber-tired haulage 8T-1B, 8T-M 
Rubble stone, quarrying 0-23 
Rubidium, source of 2-27 
Ruble elevator 10-074 
Rules for explosive magaaines 4-17 
for handling explosives 4r-18 
**Run-of-mine*’ coal 34-08 
screens 30-00 

Rnnnera, water-wheel 40-88, 40-80 
Running ground, tunneling in 0-20 
Runways for unloading esploaivea 4-17 
Rush of coal, accidents from 83-34 
Russia, hand stoping 10-127 
Russian measures 48-88 
Rusty gold, source of 2-20 
Ruth mine, block-caving 10-307 
jackhammer drifting 10-09 
open-pit mine 10-437 
raise round 10-114 
Rutile, occurienre of 2-27 
Rziha, on subsidence 10-022 


Saccardo ventilating system 14-43 
Sack-borer for drop-shafts 8-17 
Sacramento glory-holing 10-460 
hoist, test of 12-52 
shaft, Aris, concreting 7-20 
cost 7-31 

Saddle-back mine cars 11-00 
Stulls 10-102 
Saddle-reefs 2-20,10-10 
Saddles, tramway 86-13 et teg 
Saegmt^er solar attachment 17-88 
Safe load for concrete beam 43-16 
Safety catches on cages 12-100, 12-102 
devices, overwinding 12-110 
in elec hoisting 18-10 
factor 48-03 
hoisting cages 12-10- 
hoisting ropes 12-24 
steel headframes 12-79 
wooden headframes 12-69 
filled stoping 10-273 
fuse 4-28 
in haulage 11-45 
lamps 88-88 et eeq 
meetings 83-87 


Sefety in metal mining 10-420 
in mines 88-48 
in shaft-ainking 7-05 
stops for care 11-30 
in underground surveys 18-04 
valves, boiler 40-13 
Sag of tapes IT-IS 
St Helena, Oreg, blest 8-18 
8t Joseph Lead Co, maohina ehovel 10-138 
organisation 8IMM1 
overhand stoping 10-239 
power-shovel 10-421 
recovering ore in pillars 10-130 
scaling roof 10-134 
St Lonia-Hlao Hoar mining case SOi^S 
St Paul iron mine, bdt conveyer 10-437 
Sale of minea, tax on 84-80 
of ore 88—11, 88-01 et eeg 
Saline depoeita, source of 2-32 
mineraia 1-11 
Salivation 88-00 
Salmon Cr hydmnlie mine 10-650 
Salt for counteracting effect of high temp 
88-18 

dome, anomaly due to lO-A-06 
domes, formation of 2-32 
extraction by boreholes 10-398 
mining methoda 10-149, 10-178 
mining, Tex 10-418 
Salting of assay aamplea 80-18 
of ore aamplea 8^18, 80m8 
Salts for preventing exploaions 83—48 
Salyer hydraulic mine 10-557 
Samptee for ore testing 81-08 
Sampling 80-03 
for aaaay 30>4MI 
boreholee 9-31, 10-39 
Meeabi 10-03 
for coal-cleaning 38-11 
coal-mine dust 33-48 
gold bullion 33-08 
Inrge^oale 38-10 
of mines I8>40 et eeg 
in sale of ores SIMM 
tailings by auger 0-04, 10-65 
theory of 15-00 

Sam^ng-mill flowsheets 80-14 sf ssq 
Sand filling, Champion mine 10-267 
of oori minee 10-610 
of metal mines 10-421 e< eeg 
Rand 10-148 
against subsidence 10-526 
filter for sewage 88-38 
for water M-8t 
tailings from dredgea 10-687 
on track 10-13 
wheels on dredgea 10-587 
Sand-flotation (Chance) process 84-10 
Sandroel, oil-well rig 9-10 
Sands, cyanidation of 88—10, 88-18 el teg 
shearing strees in 3-04 
Sandstone 2-07 

as building atone 2-28 
minerals of 1-11 

Sanford-Day mina-ear wheel 11-12 
San F dal Oro mine, tramway 83-10 
San Juan del Rey mine, hoisting 12-59 
diatr, Colo, hand drifting 10-03 
Santa Francises ntino, methods 10-244 
Santa Rita, If M, open-pit mining 10-438 
Sapphire, occurrence of 2-32 
Saprolite 2-09 

Saskatchewan, mining law 84-38 
Sasaenberg drop-shaft method 8-17 



INDEX 


49 


Satontad air, propertiaa of M-M 
•team, propCTtiea of 
vapor 

Savanaah Coppar Co, eburindriU aamplaa 
10-45 

Sawiac of timbar 45-81 
Saw-tooth roof 45-H 
SaztoB coal miaa 10-408 
Sealda, traatmaat of 15-84 
Scala ^ aerial photoa IT-dO 
in bmlerB 45-80 
of geologio mine mapa 10-55 
on mapa lT-14 

of operation, eatimating 85-81,8548 
Seaif joint In timbar 45-8 8 
Scarifiara, earth 3-12 

Scatter irile method of mining, Rand 10-146 
Schaefer reapiration method 88-64 
SchaOUta, fluorwcant teat for 10-25 
occurrence of 2-27 
Schitko hoiating ayatam 12-07 
Schlumbargar raaiativity method lO-A-13 
Schmidt abaft-plumbing device 18-80 
variometer 10-A-08 
Scoop mine car 11-08 
ScorlScation aaaay 85-18 
Scorifying lead buttona 85>11 
Scotland, coal mining 10-604 
Scott tranaformar connection 48-88 
Scram drift 10-191 
Flin Flon 10-420 

Scranton, Pa, borehole record 10-62 
Scraper loaders in coal minea 8T«41 at sag 
in metal mines 87-86 
loading, Ala 10-160 
Bisbee, Aria 10-817 
Climax mine 10-868 
Mmabi 10-308, 10-419 
Mineville, N Y 10-148 
Rond 10-146 
shaft mucking 7-11 
sub-level caving 10-337 
in tunnel 6-17 

Scrapers in D. C. & E. mine 10-138 
earth 3—07, 3—08 
Menominee Range 10-310 
in stopes 10-417 a< sag 
as power shovels in mucking 10-107 
in Tri-State mines 10-136 
in tunnels 6-16 et sag 
Scraping in drift mine 10-610,10-613 
into sluices 10-644 
in stopes 10-169, 10-183,10-191 
sub-level caving 10-335 
Scrapping machinery by blasting 4-24 
Screen analysis 81>4S 
of coal 88—18 
hoiise, anthracite 84r-8i 
Screening of coal 88-58, 85-18 
of ores 85-11 
of samples 85-08 
Screens, coal, capacity of 88-14 
for coal drying 85-88 
coal-sising 84-18 
dewatering 85-84 
on dredges 10-682 
gravity-stamp 88-14 
revolving, for coal 88i4l8 
shaking, fat coal 88-58 
Screw aidkes for track 11-16 
Screws, wood 48-86 
Scrub Oak mine, machine loading 10-103 
Scmbber for gaa ptodncor 45-48 
Scurvy 88-84 


Sea water, deposits from 10-16 
Seale lay tope 12-21 
Sealed areas, gas in 85-80 
Sealing drop-shafts to bedrock 8-00 
of fire areas 85-88 
of pneumatic shafts 8-14 
Seam, rook 2-11 
Season, dredging, Alaska 10-695 
Seasonal chi^ea in ak temp 85-18, 88-18 
Seasoning of lumber 45-81 
“Second injury" componsatien 88-18 
Secondary blasting in Quarries 6-26 
enrichment 2-22 
minerals 1-10 
Section, U 8 lands 17-81 
Section 81 mine, Mich, glory-holing 10-167 
Sectional drill rods 6-06 
Sectionalising of dredges 10-688, 10-608, 
10-699 

cost of 10-698 
troUey lines 16-07 
Sector, circular, area of 86-18 
spherical, mensuration of 8548 
Sedimentary ore deposita 10-16 
overlap 2-16 
rooks 2-07 et ssg 
forms of 2-11 
minerals of 2-03 
Seepage through dams 45-88 
from ditchm 88-86 
from reservoirs 85-88 
Segment, circular, area of 86-18 
set, Mitehell slicing 10-230 
spherical, mensuration of 8^16 
Segregation in aamplea 85-08 
Seismic data analysed lO-A-24 
properties of rocks lO-A-36 et eeg 
prospecting lO-A-21 et eeg 
Seiamogel ex^^osive 4-10 
Seiamograph, drilling for 9-23 
Seismometer lO-A-22 
Self-dumping cages 12-99 
Seif-oiling mine-car wheela 11-11 
Self-potential geophysical survey lO-A-10 
Self-rescue apparatus 85-88 
Semet-Solvay coke oven 85-86 
Seminole oil field, gas compression 44-47 
Sense of a force 86-85 
Separators, steam 40-88 
Septic treatment of sewage 88-81 
Series, dec 48-08 
flow of air 14-32 
mathematical 85418 
motor 48-10 

Sexiea-arc dlatributioa 4540 
Serpentina 2-09 
os building stone 2-28 
minerals of 1-11 
Servicing units, oil-well 44-17 
Sets, drift-tftnber 10-107 
drill-sted 6-09 
timber 10-198 
Setting-up transit 18-07 
Sevier VaUey shaft, cost 7-29 
Sewage, contamination by 88-88 
disposal 85-80 et eeq 
farm S5>41 

Shade Coal Co, gasolene loco 11-37 
Shaft, footwall 10-83 
incUned, choice of 10-83 
location, Mceabi 10-302 
mining, defined 10-03 
pillar in coal 10-508 
pillars, sise of 10-628 
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Shaft plutnbiitu IS-lt e( aag 
without wires 18-il 
porkete 12-119 ctaag 
proHjtect 10-31 
BomplinK SG-ia 
vert rs inc-Iined 10-84 
walls, supporting 7-12 et leg 
Shaft-bottom layout 11-23, 11-26 
Shafting, power 41-06 
Shafts, blasting in 4-23 
cross-section 7-02 
eaplorntjoii by 10-76 
hoisting signals 12-84 et teg 
on Rand 10-144 
sizes of 7-02 
turned-vertical 10-86 
ventilating 14-58 
leakage in 14-16 
Shaft-ainking plant 7-03 
in soft ground 8-02 ft eeg 
Shaker screens, coal-sizing 34-16 
Shakers for screen-testing 31-04 
Shaking cbuics 10-415 
for anthracite 34-24 
conveyers 27-13 

coal preparation 35—10 
screens fur coal 30-CS 
sorting table 28—17 
Shale 2 Of) 

Shales for brirkmiiking 2-28 
Shamokin mine car 11-10 
Sharpening of rock bits S-OS 
Shattering effect of exploaivea 5-17 
Shattuck solar attachment 17-26 
Shaw gas tester 28-26 
Shear in beams 48-03, 43-05 
ill concrete beams 48—16 
mudulna of 43-C2 
zones 2-14, 10-15 
Shearing reaistance of soil 3-04 
Sheathing of explosives 23-36 
Sheaves, cableway 66-08 
hoisting 12-17 
for rope drives 41-06, 41-11 
for rope haulage 11-41 
support of 12-77 
tramway 26-26 
Sheep Cr tunnel, cost 6-28 
proeedurc 6- 19 

Sheet pound, Tri-State dislr 10-137 
mining, Piehcr distr 10-141 
Sheet quarry 5-24 
Sheeted pound 2-14 
Sheeting of rocks 2-16 
trench 3-15 
Sheet-piling 8-03 et seq 
Shells, crushing-roll 26—10 
Sherrard mine, tail-rope haulage 11-43 
Sherritt Gordon mine, breast Btoping 10-14.3 
underhand sloping 10-156 
Shift fault 2-13 
Shift-boss report 2(M)8 
Shiloh mine, gasolene loco 11-38 
Shimmin filter 33—21 
Shingle roof 48-40 
Shinnston mine, gasolene loco 11-37 
Ship measurements 43-62 
Ships, loading by tramway 26—44 
Shiras open-pit iron mine 10-45o 
Shoading of float 10-21 
Shock losses in air currents 14-25 et teg 
stress 43-08 
treatment for 28-68 
Shooting off solid 23-36 


Shoots, ore 10-16 
Shortwall coal enttor li-li 
Shot firing, Rand 16-146 
Shot-boring 6-61 
Shot-drilling, Rhodesia 10-60 
ahalt 7-03 

Shot-firers in shafts 7-10 
Shovel loaders in tiumela 6-16 
Shoveling in breast atopes 10-134 
floor 10-198 
by hand 10-103,11-02 
hand-loading by 3-06 
in atopes 10-413 
Shoveling-in 10-542 

Shrinkage of embankmente 3-06 • 

of lumber 43-81 
mining, Rand 10-145 
Btopes 10-274 «f eeg 
DeBoers mines 10-393 
Franklin mine 10-389 
Miami mine 10-381 
sand filling 10-426 
ventilating 14-19, 14-20 
Btoping, summary 10-296 
Shunt 42-03 
elec machine 42-4)6 
motor 43-10 

Siberia, Empire drilling 9-06 
Side slopes for ditohea 68-28 
telescope on transit 18-10 
Side-hill cuts in rock 5-27 
Sideline agreements 24-27 
Siemens dynamometer 42-07 
Sierra Leone, placer mining 10-545 
Sierra Nevada buried placers 10-.536 
Sieving by hand, std method 31-04 
Signal systems, elec 18-08 
Signalling in shafts 12-84 
Signals on triangnlation stations 17-47 
Silesian ore deposlta 2-24 
Silica for assaying 30-06 
Silicates in rocks 2-02 
Siliceous dust, physiological effect 36—18 
SUicoaia 33-38, 33-18 
Sill floor 10-198 
volcanic 2-10 
Sill-floor timbering 10-219 
Sillimanite, origin of 10-21 
SiUs for square-set Btoping 10-219 
Silt 2-09 

Silting of anthracite mines 84-06 
dredge, avoidance of 10-600 
Silver as elec oonduotor 43-06 
ores 2-24 

grinding for eyanidation 33-11 
in ores, payment for 33-07, 83-14 
Cliff, Colo, ore deposit 2-26 
Dyke mine, method 10-388 
King mine, breast stoping 10-141 
Flume, Colo, raising through old filled stops 
10-118 

Reef, Utah, ore deposit 2-26 
Simmer ft Jack mine, hoisting 12-68, 12-50 
sand filling 10-422, 10-424 
shaft sinking 7-30 
Simple engines 86-15 
interest 36-07 
Simplex piston pumps 40-30 
Simpaon's rule for areaa 17-33, 30-16 
Sine wave, eiec 43-13 
Single-hand drilling 6-07 
in atopes 10-125 
Single-phase a-e generator 40-16 
converter 4343 
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Hlwgia ioduetion motor 4a-n 
8iail»4«a cnwhor for cool SI-4W 
8inglo4hot bUotiiic oiocIiIboo 4-29 
SiBglo-otofo cenbifugal pump 13-14 
eomprenoro IS'HW 
formolu S^U 
Slnkor drillo 13-n 
StoUnc fund ••-M. 43-01 
pump 43-39, 49-33 
Siphono for mine drainoco 13-10 
Sirocco fan 14-40 

Siscoo Gold miao, maoliiBe loading 10-104 
Slxo of alluvial tin, Malaya 10-620 
aver, of partideo Si-36 
of cone-oruaher product 334)9 
deaignstion of pumps 4348 
of grains in samples 39-03 
of gyratory-crusber produ'it 33-06 
of band-sorting feed 39-10 
of jaw-crusher product 384)4 
redaction in ore crushing 384)3 
of roll product 33-18 
Sizing analysis 814)8, 81-06 
of coal 83-04 e( aeg 
tests, plotting 81-38 
Sising-sorting-aMay teat SWW 
S K F ball-bearing wheel 11-13 
Skid road for rock ezcavation 5-23 
Skidding oii-weU derricks 9-18 
Skidmore coal seam, headings in 10-611 *t aeg 
Skip tracks 12-83 
Skips, ore 12-10? et teg 
Slabbing 10-124 
Slabbing-cnt, tunneling 6-08 
Slabs, concrete 43-13, 48-16 
Slack in bucket elevators 37-88 
in hoisting rope 12-23 
Slack-line cableways 86-49 
Slack-tope hoisting 12-02 
Slag, nssay 80-08 
fur Oushing 10-610 
Slate 2-00 

quarries, underground 10-177 
Slates, sources of 2-28 
Sledging 28-18 
Slice drifts 10-326 
Slices in top-slicing 10-301 
Slicing, Mitchell ei^stem 10-227 
Sliekensides 2-14 
Slick-sheet in tunneling 6-19 
Slide velve on steam hoists 12-61 
Sliding angle of ore 10-164 
scales for wages 33-06 
Slimes, cyanidation of 38-10, 88-17 et aeg 
SUu-hole exploratory boring 9-23 
sup of belte 41-04 
of induction motor 48-10 
in pumps 40-38 
scraper in placer mining 10-646 
SUp-jolnt casing pipe 0-25 
Slips in embankments 3-04 
Skip cyanide aaaay method 33-17 
Slope of amalgamating plates 38-63 
of gravity plane 11-41 
hoists, eleo 16-11 
of open pits 10-434, 10-470, 10-627 
stakes 17-37 

United Verde open-pit 10-443 
Slot aystem of mining 10-300 
Sludge box 10-30, 10-62 
Nor Rhodeela 10-60 
and core analyses, combining 10-42 
diamond-drill 10-68 
hammer-drilling 10-60 


Sladga, aeptio-treatment 33-81 
settUng, ooal-washcry 80-39 
Slag 89-64,834)3 
Sluice 13-640 
box 10-561 

dredges, Malaya 13-626 
inclined 10-676 

Sluices for dragline dredging 10-601 at sag 
grade of 10-662 
hydraulic-mine 10-661 at aeg 
sises of 10-604 
Sluicing, stripping by 3-10 
Slump test for concrete 43-11 
Slushing drift, CUmax mine 10-367 
Smelter chargee, calculating 83-4)8 
Malayan tin 10-620 
schedules 83-10 e( aeg 
Smelters in western U S 83—10 
Smelting, outline of 83-93 
Smith Bolar attachment 17-38 
Smithaonlte 2-23 

Smoke-Glouda for ventilation measurements 
14-21 

Smoks-helmeta 88-88,38-68 
Smooth-coU track cable 38-d7 
Snake bitei 23-88 
Snake Cr tunnel, cost 6-28 
Snake River i^ecer gold 10-636 
Snskehole blasting 8-20 
Snow load on trusnee 48-37 
Snowden Coke Co car dnmp 11-31 
Snyder sampler 39-08 
Soapstone 2-09 
minerals of 1-11 
occurrence of 10-21 
Social Security Act 884)4, 33-14 
Sockets, rope- 12-28 
Sods for aesaying 80-04 
for blowpipe testing 1-08 
Sodium amalgam, preparation and use 89-18 
chloride sols, resistivitv lO-A-36 
nitrate, occurrence 2-83 
re potnaeium cyanide 18-08 
sulphide precip from cyanide sola 88-14 
Soft ground, shaft-sinking in S-02 et aeg 
Soil, physics of 3-03 
Solar attachment 17-45 
observations 17-33 et aeg 
Solenoid 43-06 

SoUd impurities in mine air 38-11 
Solids, specific heats of 89-31 
SoUar 10-174 
SoiubiUty of minerals 1-08 
SolubiUtiea in cyanide 88-08 
in water 87-08 
Solution eavities 10-10 
Solutions, cyanide 81-19 
Songo shaft, Ala, concreting 7-20 
Sorting, Champion mine 10-264 
chute 10-404 

in cut-and-fiU etopee 10-238 
floors 39-19 
hand 89-16 
in open-pita 10-471 
of ore, Rand 10-146 
in shrinkage stopes 10-276 
top-shcine 10-301 
Soudan mine, drift round 10-100 
filled stoping 10-247 
Soundings, locating of 17-56 
So Africa, gold mining methods 10-144 at aag 
band stoping 10-126 
Soutb Blocks mine, chutes '0-406 
South Burbank oil field practice 44-98 
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Sooth CaroUiw, phoiphote prospeoting 10-24 
Sooth Dak, ref to Buning law S4»tS 
Soothoaat Ext oiine, top^iioing 10-810 
S E MiMOori, bonus ayatem IS>00 
coat of mining Sl>46 
Spacing of blast holes 0-12 et leq 
in trenching 6-27 
of boreholes 10-63 
of chute-gates 10-276 
posts in square^ets 10-213 
of raises and winses 10-01 
of reinforcing bars 43-18 
of rivets 48-47 
of track ties 11-18 
Spads for underground sorreys 13-08 
Spalling 33-15 

Spanish-American measures 43-53 
Spanish Peak lumber tramway 36-81 
Special gelatin explosive 4-09 
Specific elec resistance 43-05 
gravity assay 81-31 

determination 1-06, 35-30 
of minerals 1-06 
of ore, testing 10-72 
of rocks lO-A-30 
beat of gravel 10-616 
heats 89-30 

SpeciScations for concrete 43-11 
for d-c motors 43-13 
for induction motor 43-31 
for structural steel 48-43 
for synchronous motors 43-19 
Speculator shaft, cost 7-31 
Speed 85-49 

of advance in headings 10-96 

of belts 41-04, 41-06 

of cableways 86-46 

of churn drilling 6-11 

control of induction motor 43-30 

counters 40^4 

of crushing rolla 38-11, 33-13 

of diamond drilling 9-66 el aeq 

of d-c motora 43-11, 43-13 

of drilling in tunnels 6-10 

governors on hoists 12-118 

of hand-hammer drilling 5-08 

of hoisting 12-45 

of machine drilling 6-09 

of mine fans 14-63 

of seiamic waves in rocks, etc lO-A-37 et eeq 
ot abaft-sinking by freeiing 8-21 
speci&c, of centrifugal pumps 40-36, 40-37 
of water wheels 40^8 
on tramwaya 33^4)9 

Speed-limiting of ayuchronoua converter 43-38 
Sphere, equations of 80-08 
mensuration of 86-16 
Spherical dame, underground 13-07 
Spikes, listed 48-86 
rail 11-16, 11-16 
Spillway for dam 48-8- 
Spiral coal cleaner 34-33 
glory-hole mining 10-100 
epring, formula for 41-33 
trackage in open-piia 10-436 
Spiral-riveted ^pe S3-t8 
listed 41—14 
Spittere for blasting 4-22 
Sidice bars, roil 11-15 
rope, strength of 41-01 
SpUcea in wire ropes 12-27 
Spliot cool 2-30 
S^t-check leasing ayatem 33-03 
B^t flow in airwaye 14-32 


SpUt-flow nitiur^ ventilation 14-87 
Splitting oro aamplee 35-09 
of ventilating currents 14-09,14-31 
Spongea aa rock-builders 2-09 
Spontaneous fires 38-04, 38-08, 38-48, 38-50 
Spotty gold ores, assaying 50-07 
Spragging of mine cars 11-13 
Sprague ft Henwood core bonel 9-46 
Spraga for drift sets 10-107 
Sprains, treating 38-54 
Spread foundations 48-08 
Spreader!, earth 3-08 
Spring cruahing rolla Sft*10 
Springing of blast boles 4-20 
of bore holes 6-16 
Spring-pole drilling 0-04 
Springs on cages 12-100, 12-102 
formulas for- 41-21, 41-33 
Sprinklers, automatic 38-61 
Sprouting during cupellstion 80-14 
Sprnce iron mine, belt conveyer 10-437 
wood, properties 48-80 
Spud, dredge 10-683 
Spudding oil wells 9-11 
Spur gears 41-03 
Spur-gear ratios 41-08 
Square measure 45-46 
metric 45-48. 
moment of inertia 85-45 
Square-chamber coal mining 10-504 
Square-roots of numbers 46-06 el eeq 
Squares of numbers 46-36 et aeq 
Squsre-eet block-caving 10-343 
chutes 10-404 
chute-gate 10-407 
slicing 10-299 
Mesabi 10-306 
stope, sand filling 10-427 
Btopea, raised in lO-l 16 
sloping 10-197 et aeq 
top-«licing 10-302, 10-313 
Square-aeta, dimensions 10-213 
erecting 10-226 
Goldfield Cons 31-06 
summary 10-226 
timber requirements 10-225 
Square-setting, Golden Queen mine 10-300 
Squeezes in coal mines 38-68 
Squib, blasting with 4-25, 4-28 
Squibbing of blast holes 4-20 
Squiba, blasting 4-12 
electric 4-27 

Squirrel-cage motora, coat 16-84 et aeq 
St Albert colliery drop-shaft 8-09 
Stability of loose materials 3-04 
of minerals 10-06 

Stables, underground 11-33, 38-86, 38-50 
Stacker for dredge 10-683 
Stacking tailing by giants 10-576 
Stadia rods 17-08 
surveys 17-41 at aeq 
Stage eompreseion 10>O8( 88-10 
compreasors 15m3 
hoisting from mines 10-87 
Stain, dimensions of 48-41 
Staking lines and grades 17-84 
outcrop of vein 10-28 
Stan roads, coal mine 10-605 
Stamp miUs 88-10 
Stamps, gravity M-IS et aeq 
Stan^d cable-tool rig 9-00 
Consol mine, hand sloping 10-126 
corners 17-80 
parallels 17-80 
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Steadud BR face IT-M 

riveted J'oiBta 4t-4t 
StaadardiMtlon of air drfllB U-M 
Standards of anthraoita preparation SfMt 
for bituminoua ooal 1 1 M 
Staodiad timber, eatimatiag 
Staadpi^, aiakia« 9-61 
Star eleo ehum drill 9-48 
mine, Rhod, diamond driUhig 9-80 
Startiag box for d-o motors 4S>U 
diam of drill hole 6-09 
induotion motors 4S-M, dS-dl 
intemal*«omb tm^am 4lb‘ U 
of pumpa 4S49 
resiatanoe, mine^ar 11-27 
aynehronoua converter 41-41 
aynehronous motors 4S-16 
Stassfnrt, sufasidenoe 10-528 
State ooUiery inapeotion U-M 
unemidoyment comp lawa 2 2 44 
wages and hours lawa 28-M 
Static hoiating moment 12-02,12-12 
streaaee 41-M 
transformer 49-M 
Statica 81-49 «(teq 
Station gas indicator 88-48 
pump, automatic 13—15 
track layout 11-23 
Stationary chutes 10-415 
Stations on cableways U-81 «t safl 
mine^esoue 18-89 
tramway tl-4T 
for underground surveys 18>4Hll 
Steam conaump by hedats 12-52, 12-53 
of pumps 40-81 
drive, rotary drilling 9-16 
engine 40-lT 

thermodynamics of 80-18 e< sag 
flow through orifices S9-M, 89-M 
haulage, open-pit iron minea 10-435 
hoists 12—46 tt leq 
locos 11-36 

measuring 40 . 4 8 

inping of 40-41 
points for thawing 10-616 
power for mines 18*4MI 
power plant, annual cost 40*08 
life of 40-07 
properties of 80-88 et stq 
pumps for mines 13—11 
“siaes” of anthracite 84-01 
thawing of frosen gravel 10-610 
turbines 40-18 
viscosity of 40-11 
Steam-engine cycles 89-40 
Steam-jet blower for boilers 4(^14 
Steam-shovel loading of rock 5-22, 6-23 
Steart mine fea 14-^ 

Stedl breaker construction 84-Sf 
chutea 10-405 
chute-gate 10-408 
drift sets 10-108 
drill 18-81 

tunneling 6-08, 6-11 
as eleo conductmr M - Ofl, 48-46 
guides, safety catches on 12-100 
headframes 12-73 st ssg 
hoisting guides 12-83 
hoisting ropes 12-19 
hulls for dredges 10-Ml 
mine oars 11-05 
pipe 88-18 
pullesrs 41-M 
ilfllm 10-547 


Steel ahaft-eeia 7-17 
sheet-piles 8-03 
aluices, hydraulic-mine 10-662 
structural 4S-M et sag 
supports in ooal mines 10-518 
Stael-pipe headframe 12-82 
Steals for oil-well pumps 44-18 
Steep workinga, traversing 18-84 
Stefan and Bolsman, law of radiation 89-48 
Stellite on rotary bite 9-20 
SteUitlng drlU bits 10-70 
Stemming 5-14 
of explosives 88-86 
tunnd tdasting 6-13 
Stains, gravity-etamp 28-14 
Step-Mwn aguare-aet 10-217 
Step-fanlt 2-15 
Staphenaon safety lamp 88-48 
Stepped-face filled stopcs 10-238 
overhand stope 10-198 
ahrinkage stops 10-275 
stops 10-127, 10-161 
Stereometric map 17-88 
Steteade drop-shaft 8-17, 8-19 
Steward mine, sill-floor timtering 10-221 
Stewart’s formida for casing pipe 9-29 
Stirrups, concrete structures 48-16, 48-lT 
Stock, volcanic 2-10 
Stocking ore by tramway 86-44 
Stockworks 10-16 
Stokers, mechauical 40-18 
Stone, broken, quarrying 5-26 
masonry 49^99 
strength of 10-630 
Stone-boats in rock excavation 5-23 
Stone-chutes on tin dredges 10-626 
Stoop-and-room coal mining 10-605 
Stope 10-04 

as basis of classification 10-124 
board 10-130 
surveying methods 18-16 
widths 10-128 
Stope-drift, described 10-163 
Stope-hoists 12-50 
Stoper drUls 10-94, 18-81,18-84 
in headings 10—101 
supporting in headings 10-101, 10-102 
Stopes, blasting in 4-23 
breaking ground in 10-124 et eeq 
mechanical handling in 10-413 et eeq 
preparation for sand filling 10-422 
sand filling of 10-421 et eeq 
transport in 10-413 
Stopittg cost for air drilling 18-88 
vrith machine drills 10-128 
widths* 10-125 

Stoppings, leakage through 14-16 
in ventUation 14-10 
Storage of anthracite 84-87 et eeq 
of exploefV'ee 4-12 et eeq 
of water 88-88,88-88 
Storage batteriee 48-86 
Storaga-battexy lampe 18-8t 
loooa 11-39,18-14 
makers 18-81 
Stores, company 88-10 
Storing ore, top^cing 10-301 
Straight-line formula for columaa 43-M 
Strain 48-08 

Strainara for dredges 10-584 
for pumps 13-18 
Stranded conductor 48-86 
Strands in wire rope 12-20 
Stratifleation of sedimentary rooks 3-11 
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Stratigravlilc geology 2-17 
Stratigraphy by welMoggiitg lO-A-20 
Stratum, rock 2-11 
Streak pf minerala 1-06 
Stream boundaries 1T<*M 
flow estimates SS-8S 
measuring flow of 8S-S1 
Un 2-27 

Strength of concrete 48-10, 48-11 

of cyanide solutions 88-08, 88—10, 88—18 

of gear teeth 41-08 
of hemp ropes 12-19 
of rope wire 12-20 
of timber 48-33 
of wire rofie 12-22 
Stress 43-08 

allowiible, on brick 43-10 
in steel 12-80 
in timber 12-70, 43—84 
Stresses in concrete beams 43-14 
in hciulframes 12-61 <■( aed 
ill hoisting rope 12-22 
in un* bins 12-131 at aeq 
ill rivets 43—4T 
seismic lft-A-22 
types of 43-03 
Strike of strata 2-13 
calculating 86-86 
of vein, measuring 10-28 
Strike-fault 2-15 

Strikes, in mining agreements 88-17 
String surveys 18-34 
Stringer seta 10-233 
Stringers for Mitchell slicing 10-227 
Stripborer drill 9-07 
Strip mining of coal 10-464 et teq 
Stripping 3-11 
Arkansas Mt 10-449 
blasting fur 4-24 
coal with dragline 10-457 
of earth 3-16 
estimates on Meaabi 10-74 
hydraulic 10- 458 
limits, estimating 10-470 
at metal mines 10—430 
open-pit iron mines 10-434 
placer gravel 10-694 
raise lO-109 

United Verde open-pit 10-442 
of veins 10- 245 
with water 10-23 
Strontium, sources of 2-27 
Structural mat’s, prices of 88-84 
Structure drilling, Mesabi 10-63 
by well-logging lO-A-20 
of wire ropes 12-20 

Structures affected by subsidence 10-628 
Struts, structural steel 48-80 
Stuffing boxes, pump 4<M8 
Stull sets 10 233 

timbering, shrinkage stopes 10-277 
Stuiled stopes, examples 10-165 e< aeq 
Stulls 10-161 
in raises 10-114 
in underhand stopes ir -153 
Stump air-flow separator 36-88 
Stumpa, disposal of 3-11, 3-12 
Suan, Korea, prospecting 10-32 
Sub-aqueous contours 17-16 
rock excavation 5-28 
Subdivision of U S lands 17-80 
Sub-inclines on Rand 10-144 
Sub-level e.Hrs 11-04 
caving 10-324 et seq 


Sub-level caving, summary 10-339 
development 10-326 
top-slicing 10-303 
stoiflng 10-178 et aeq 

system, Boston Consol mine 10-372,10-374 
Sub-levels in gtory-bole mining 10-187 
top slicing 10-299 
Sublimation 39-38 
orebodies 10-09 
Submarine blasting 4-24 
Submerged pumps 16-16 
Submergence of oil-well pumps 44-18 
Subsidence 10-519 ti aeq 
Sub-stations, elec lC-03, 41-89 
Subtrsetion, algebraic 8C-08 
Sucker-rod pump 44-08, 44-18 at aeq 
capacity 44-17 
Suction dredge 3-18 
bead on pump 40-38 
pipe fur pumps 13-09 
Sudbury copper deposit 2-22 
framing square-sets 10-225 
mining methods 10-200 
nickel ores 2-27 
sill timbering 10-220 
Suffocation, accidents from 88-86, 88-40 
treatment for 23-44 
Sugatiand oil field practice 44-05 
Sulitelma copper deposit 2-23 
Sullivsn compressor 15-16 
coro barrel 9-46 
mine, diamond drilling 9-60 
drift round 10-99 
raising 10-109 
oil-punipiiiR hand 44—19 
Sulphide copper ores 2-22 
enrichment of ores 10-17, 10-19 
ores, assaying 80-11 
Sulphides in cytuiidatiou 88-06 
Sulphur in coal 2-30 

dioxide in mine air 33—07 
by Frasch process 10-401 
occurrences of 2-33 
prices of 33-18 
Sulphuric acid, sp gr of 37-48 
Sumatra, boring in gravel 10-66 
oil-well practice 44-05 
Summit Hill coal stripping 10-467, 10-460 
Sumps, drainage 13-05 
Sunflower surveying instrument 19-16 
Sunshine Mining Co, accounts 81-85 
Superheated steam, properties of 39-89 
vapor 39-38 

Superheaters, steam 4(^10 
Supervision in mmes 88—66 
Supplies, consumption, Alaska Treadwell 
81-11 

cost of. Goldfield 81-418 
prospecting 10-77 
Supply records 80-11 
Support of men in stopes 10-162 
of shaft walls 7-12 et aeq 
of stope walls 10-i63 
of stoper drill in raises 10-114 
of surface, law on 10-632 
in tunneling 6-21 et aeq 
Supports for pipe lines 88-34 
Suppressed weir 38-09 
Surface accidents at mines 88-88 
damage from subsidence 10-519 
exploration, systematic 10-26 et aeq 
inflow of mine water 13-02 
of revulution, equations of 86-88 
rights on mining properties 84-88 
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SwIm* •toun flondenaer 40-lt 
tranaport at minea lO-QO 
Snifaeaa, by calculua S6-47 
Sorray for patent IT-RT 
atationa underground Itt-OI 
Surveying of borebolea 9-43 
aurfaoe lT<mS «t leq 
Surreya, adjuating IT-M 
electrical lO-A-10 e( wg 
gravimetric lO-A-08 
magnetic lO-A-07 
micro-gas lO-A-29 
mineral 34^10,34-19 
mineral-land IT-BS et Mg 
radioactivity lO-A-28 
temperature lO-A-26 
for tramwaya 36->09 
Survivor’a beneflta, Federal 33-14 
Surwel gyroscopic clinograpb 9-64 
Snspanaion bunkers 12-128, 12-133 
Suiquehanna iron mine haulage 10-438 
Suasman gaa detector 33-38 
Sutro tunnel giant 34-11 
Suyoc mine, merh loading 3T-S0 
Swabbing of oil wells 44-14 
Swaziland, ground-sluicing 10-641 
tin mining with elevator 10-674 
with gravel pump 10-578 
Swell of loosened earth 3-03 
of placer gravel 10-837 
in rock fills 5-03 
Swelling ground In shafts 7-17 
Swing-cut, tunneling 6-08 
Swing-hammer regulator 83-98 
Swinging false set 6-28 
Switches, mine-track 11-19 
Switchboards 43-28 
Syenite 2-04 
Syfo clinograph 9-64 
Symmetry, crystal 1-03 
Synchronism of a^c generators 43-lT 
in sampling 39-08 
Synchronous converter 43-33 
motors 43—17 et aeq 
applications 43-18 
cost 14-89 

speed of induction motor 43-19 
Syncline 2-12 
Systems, crystal 1-03 
fissure 10-12 


Tables, ooal-cloaning 84-19 
coal-washing 38-40 et aeq 
determinative, for minerals 1-14 st sag 
for dragline driidging 10-601 
for dredges 10-886 
sorting 38-18 
Tachometers 40-44 
Taffsnel rock-dust barrier 33-48 
Tagging sampiea 88-18 
Tailings disposal, Malaya 10-622 
Tail-rope haulage 11-42, 18-11 
hoisting 12-02 
Talc, occurrence of 10-21 
Talleydale coal mine, mechanised 37-38 
Tamarack copper mine, development 10-87 
hoisting drum 12-10 
hoisting speed 12-46 
shaft sinking 7-06 
shaft, hoisting 12-89 
Tamping 8-14 
bags 8-21 
bar, safe 33-83 


Tamping experiments 8-21 
of explosives 4-20, 4-23 
Tandem hoisting 12-08 
Tangent method of ^totting IT-IS 
Tangents, egustions of 88-31 
Tank, ssnd-blowing 10-288 
septic 38-81 
Tanks, cyanidation 83-18 
hydrostatic press in 88-07 
sludge-settling 88-86 
Tapered ropes 12-19 
steel 12-21 
elec conductor 48-30 
Tapes, standardizing 17-17 
surveying 17-01 
underground 13-14 
Taping methods 17-18 
underground 13-14 
Tapping underground reservoirs 13-04 
Tar extractors for gas producers 40-48 
Target for underground leveling 10-14 
Tsr-grsvel roofing 48-41 
Tasmania, deep-hole hammer drilling 10-71 
Tastes in water 83-87 
Tavener refining method 33-48 
Tax laws, TJ 8, on mines 84-33 
Mexican mining 34-40 
Taxes, mining, B C 34-34 
Ontario 34-88 
Quebec 8046 

Taylor & Brunton sampler 83-07 
Taylor's series 34-36 
T-besms of concrete 43-17 
Technical msnsgemet of mines 30-03 
“Telegraph” for handling anthracite S4-3t 
Telemeter rods 17-08 
Telephone in rescue work 38-87 
wiring in mines 10-08 
Telescope, transit 17-08 
Telluride ores, assaying 80-13 
of gold 2-24 

Temperature from sir compression 13-07 
of combustion 89-83 
effect on pipes 33-33 
gradient 33-18, 8S-U 
of ignition 39-48 
measuring 40-44 
of mine air 14-02, 31-13, 33-18 
permissible, in elec machines 434MI 
of rock and air 14-66 
scales compared 87-08 
surveys lO-A-26 et eeq 
in taping 17—18 
Temp-entropy diagram 89-87 
Temp-resistance coeff 48-08, 48-08 
Temperley diagram for ore estimating 10-73 
Tennessee, bore testing for sine and barite 
10-65 

Copper Co, chinoman chute 10-400 
C, I A RR Co, overhand stoping 10-170 
skip 12-107 
room mining 10-151 
phoephate mining 10-457 
prospecting 10-33 
testing 10-86 

Tensile strengths of metals 87-07 
Tension in cables 86-06 
carriage, rope-drive 41—10 
members in trusses 48-80 
in riveted joints 48-47 
weights, cableway 16-11 
tramway 8444 
Tepetate oil field practice 44-08 
Terminal stations, tramway 88-37 
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T«tfliia*lt. aiono>eabl« tnwawky M-40 
ravenible-trunway M«U 
Termination of flaaure Toim 10-14 
Terre Hante pneumatic ettafta S-16 
Teala, Cal, coal mininc 10-600 
Teat pita, proapecting by 10-22, 10-29 
Teating a-c generators 41^14 
cement 4S>419 
d>c generators 4SHW 
d-c motors 4S-12 
high explosives 4-07 
induction motors 4I>I0 
lubricants 41>U 
mine fans 14-44 
ores Sl>4tS et uq 
power plants 4Ch4S 
sample composition PO-OT 
sieves, standard Sl<mt 
synebronouB converter 4S-SS 
motors 42»18 
wire ropes 12-21 
Test-pitting in gravel 10-23 
Tests, ooal-cleaning SS-11 et sag 
oyanidation SS-07 
dust in mine air 23»19 
Tetragonal cryrials 1-03 
Texas, cost of oil wells 9-30 et aeg 
diamond dialing 9-69 
oil fields, bit performance 9-22 
Textures igneous rocks 2-03 
Tesuitlan mins, winsea 10-120 
Thalen-Tiberg magnetometer lO-A-OS 
Thawing dynamite 4-18 
frosen gravel 3-12, 10-614 et eeq 
media 10-616 

Theresa ft Caatlereagh shafts, sinking 9-21 
Thermal conductivity of rocks lO-A-30 
data on air 14-67 
effic of air engine S9<>1T 

of steam engine 89^)6, Sft-iT 
mine, skip loading 12-122 
resistance of walls I2>87 
Thermit welding of rails 16-08 
Thermodynamics S9-0S et eeq 
Thermometer scales 89-80 
compared 87-06 
Thermometers, geologic 10-07 
Thickening cyanide feed 83-18 
Thickness of bed, computing 9-69 
Thin sections, exam of 1-10 
Thorianite, tests for 1-61 
Thorite, tests for 1-61 
Thorium, sources of 2-27 
testing for 10-25 
Thornton gas detector 88^7 
Three-phase a-c generator 48-16 
elec system 48-18 

Three-tripod surveying method 18-08 
Three-wire elec distribution 48-80 
Through cuts in rock 6-27 
truss 43-88 
Throw of fault 2-13 
Thruat fault 2-16 
Th 3 mito lightning arrostor 48-09 
Tie platca, track 11-16 
Tier, U 8 lands 17-31 
Ties, track 11-16 
life of 11-16 

Tight and loose puHeys 41-07 
wheels 11-12 

TUden mine, blasting 10-436 
Tillor rope 12-21 
Tillaon's hoisting syatoms 12-07 
TiDy Foster mine, chambering 10-178 


TOly Foster mine, open-out 10-483 
Tilmaustono colliery, tramw^ 19-41 
Tilt in aerial photea 17-81 
Timber, aUowabie atreases 48-84, 48- 88 
beams 43-88 

breaker construction 84-87 
buried in placer deposits 10-637 
columns 43-88 

consumed, sub-level caving 10-337 
top-slicing 10-309, 10-316 
dams 48-84 
decay, gases from 88-08 
for drift sets 10-107 
handling in square-set stopes 10-213 
headframes 12-66 et eeq 
for hydraulic mining 10-662 
joints 48-88 
mats 10-340 
in mining 10-123 
ore bin 12-129 

preservative treatment 7-17,10-236 
recovery 10-301 

requirements, square-set stoping 10-224 
eise and strength of 10-213, 10-214, 10-218 
sets, tunnel 8-22 
standard rises 48-88 
standing, estimating 88-81 
structures 48-30 et eeq 
top-slicing 10-300, 10-306, 10-308 
Timbered stopes 10-197 et eeq 
Timbering coal mines 10-618, 88-81 
drifts and crosscuts 10-107 
gangway 10-263 
raises 10-110, 10-114 
shafts 7-13 et eeq 
sill floors 10-219 
tunnels 6-22 et eeq 
Time in cyanidation 88-16 

distribution, diamond drilling 9-63 
in tunneling 6-06 
equation of 17-84 
lag in Bubaidenre 10-627 
lost, gravity stampa 88-16 
gsrratory cruahera 88-06 
jaw crushers 88-04 
Time-book, mining 88-09, 89-10 
Timing aerial photos 17-60 
Timken rollar-besring wheel 11-12 
Tin dredging, Malaya, 10-626 et eeq 
mining in Malaya 10-619 et eeq 
ores, assaying 38-16 
occurrence of 2-27 
sale of 88-16 

placer mining 10-674, 10-676 
in Nigeria 10-546 
roofing 43-41 
veins, minerals of 1—11 
Tintic, Utah, deep-hole hammer drilling 10-69 
hand drilling in stopes 10-126 
hand stoping 10-126 
Tipple for hand-picking 88-81 
Tiro General mine, method 10-260 
Tissot oxygen apparatus 88-88 
Titanium, sources of 2-27 
Title to claim, perpetuating 84-18 
on maps 17-14 
to mining claims 84-80 
Titles, mining, exam of 88-06 
Tiveri Gold Dredging Co, data 10-699 
Tobin mine, block-caving 10-344 
Toilets, specifications 88-88 
Tonnage calculated from samples 88-18 
estimating on Mesabi 10-74 
of ships 48-81 
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Tooaag* «tnd ralua, Mtimadiig from bonholM 
10-71 

ToaamMi ■tareomatcr mrvcjriag method 

Tonopeh Belmont mine, Moore timberinc 
10-231 

bend sortinc M>1T 
Mininc Co, overhend etoj^ng 10-160 
Toole for diamond drilling 0-46 
oil-well rig 9-10 
for proepeeting 10-77 
for unpooking exploeivee 4-17 
Tooth gearing 41'-<KI 
Top oool cntter 16>16 
telescope on transit IS-Ot 
Top-olice mines, ventilating 14-21 
mining 10-207 et teq 
Top-elicing, summary 10-324 
Topography affecting mine development 10-86 
mine openings lO-OOj 
subsidence 10-627 
effect on ore enrichment 10-19 
underground 16-16 
Topping of cool cere 64rOS 
Toronto, cost of auger drilling 0-04 
Torpedo for bloating hot ground 10-446 
Torq thickener 86-16 
Torque of a force 66-11 
of induction motors 46-16 
Torricelli’e hydrodynamic theorem 66>ff7 
Toreion balance lO-A-06 
modulus 46*46 
stress of 46-06 
Totco drift recorder 0-64 
Toughnees of rocke 6-02 
Tourniquet for ffset-eid 66-66 
Towers, cableway 66-46, 66-4T 
mono-cable tramway 66-41 
tramway, construction 6440 
design 66-16 
locating 66-10 
twin-cable tramway 66-64 
Township lT-60 
Townsites, mining 66-66 
Traces, geometry of 66-66 
Trachyte 2-04 

Tracing from blueprints lT-16 
cloth 17-10 

dost 10-21, 10-27, 10-32 
Track bolts, listed 41-16 
cables, anchorage 66-61 
for cableways 66-44, 66-47 
data on 66-06 
reversible-tramway 66-67 
tightening 66-16 
tramway 66-16 
eroesing 11-23 
carves 11-17 
mine 11-14 et sag 
RR, grade of 3-06 
resistance 11-27 
spikes 11-13, 11-16 
stringers 11-16 
temporary 11-19 
Track-mounted cool cutter 16-16 
Tracks for gravity planes 11-42 
open-pit iron mines 10-488 
for skips 12-83 
Traction, coeff of 11-28 

rope, reversible-tramway 66-67 
tension in 66-06 
tramway 66-16 
Traction-caUe locos 16-14 
Tractive force of comp-sir loco 16-46 


Troctlvo reeistanoe 11-27,11-28 
Tractor haulage, open-pit iron minee 10-486 
Tractors for earth excavation 3*07 
Tractor-trailer haulage underground 10-492 
TraQ, B C, labor retstiona 66-17 
Tramming, cost of 11-48 
distances il-44 
by hand 11-32 
in headings 10-102 
loading from chute 10-102 
on Rand 10-00 
in tunnels 6-10 

Tramway shaft, Butte, guniting 7-20 
Tramways, notable examples 66-61 
Transfer carriage for mine can 11-28 
Traneformer, static 46-66 
Transit adjustments 17-07, 1 6‘ 0 6 
engineer'e 17-06 
mining 16-06 
mountings 16-04 
setting-up 16-07 
traverse 17-17 
vernier 17-04 
Tranolation 66-66 

Transmission of comp sir 16-07 et ssg 
of electricity 46-66 et eeq 
lines 16-04 

Transparent paper 17-10 
Transport of explosives 4-10 
of injured iterson 66-66 
mechanised-mining 67-60 
in quarries 3-23 
in stopee 10-413 
underground 11-02 et eeq 
Transvaal gold depoeits 2-23 
mining cost 61-17 et seq 
Trapezoid, area of 66-11 
centroid of 66-44 
moment of inertia 66-47 
Trapezoidal rule 17-66, 66-16 
weir 68-11 
Traps, steam 40-66 
Trautwine’s formulas for bins 12-133 
Trauzl leod-blodk test 4-07 
Traverse, compass 17—16 
tables 17-61 
transit 17-17 
Traverses, cheeking 17—16 
plotting 17—11 et eeq 
Traversing, underground 16-07 
Tiay feeder for sampling 60-06 
Treatment of petroleum 44-64 
rates, milling ores 86-16 
TreenoUs 46-66 
Trees, volume of 66-61 
Trench sdmpliag 60-10 
Trenches, cost of 10-22 
prospecting by 10-22, 10-23, 10-30, 10-81 
Trenching 10-27 
in earth *3-15 
labor in 10-31 
machines 3-11,3-18 
in rock 8-27 

Trepans, Kind-Chaudron 7-22 
Trepca Mines, machine loading 10-104 
Trestles, timber 48-66 
tramway 66-16 
Triangle, area of 66-11 
centroid of 36-44 
of forces 60-66 
moment of inertia 66—47 
Triangles, oblique, solution of 66-16 
right-angle, functions of 66-17 
Triangular wrir 66-11 
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TriancoUtion, ahaft-ptambiiig b7 U-19 
aurvay IT'^T 

Tribate mlainc ayatam SS-M 
TifcliBie ciyatala 1-06 
Txiconometrie funotiona, loga 45 n 
natural 45-15 H m<| 
levaling 17-4T 
Tiifonomatiy 85-15 et «eg 
^mountain mine car 11-04 
dwelling 85-58 
Trlnitiatoluena 4-06 
Tripod, drill-mounting 15-85 
for ahaft-oinking 7-04 
for transit 18-04 
Ttipod-mpnnted drill data 6-09 
Tripoli, testa for 1-51 
use of 2-28 

Tri-Stato diat, belt nonveyws 10-417 
breast stoping 10-137 
churn drilling 0-41, 10-64 
contract loading 85-05 
rest of mining 51-85 
deep-hole hammer drilling 10-71 
estimating from boreholes 10-72 
hand loading 10-137 
mining practice 10-137 
pillars 10-134 
power shovel 10-421 
prospect drilling 9-42 
recovering ore in pillars 10-186 
scrapers 10-418 
shoveling 10-134, 10-136 
wages scale 85-05 
Trivet, surveying 15-04 
Trojan mine, gasolene loco 11-88 
Trolley guards 55-55 
locos underground 11-39 
wire 16-06 
cost of 11-26 

Trommels, coal-sising 84-15 
on dredges 10-582 
Tro]dca, health precautions 55-34 
Troublea with d-e motors 45-18 
with induction motor 48-81 
Troy Sirocco fan 14—40 
weights 45-45 

Truck haulage, Arkansas M C 10-449 
Morenoi, Ari* 10-460 
open-pit iron mines 10-436 
shipments of explosives 4r-10 
Truck-mounted cable-tool rigs 9-14 
Trucks for earth excavation 3-07 
mine-car 11-06 
in rock quarries 5-25 
True meridian, determining 17-58 tt seg 
Trump brine-well method 10-399 
Truss, solution of forces in 86-89 
stresses, analysis of 45-58 el teq 
types of 43-88 
Trussed timber beams 48-84 
Trusses, timber, in a mine 10-166 
Truas-aets in stopes 10-222 
Tubbing of shafts 7-21 
Tube-mills 88-11 
Tubes, condenser 40-19 
Tubing anchors in oil welb 44-16 
flexible, for ventilation 6 21 
oil-well 9-28, 44-15 
oapac (rf 44i45 

TuMng-catchar in oil wells 44-15 
Tuff 2-a3 

Tumblara, dredge 10-682 
Tnagar rectifier 45-54 
Tnagaten oarbide boring bit 10-68 


Tuncaten ore, mining 10-548 
by glory-hole 10-403 
prieee of 85-55 
ores of 2-27 
sale of 55-17 

Tunnel for coyote blast 8-18 
method of lilmry-boling 10-468 
mining 10-«}3 
rights 54-07 
Calif 54-18 
site, survey of 17-57 
Tunnels, blasting in 4-23 
drainage 10-^ 
examples of 6-02 ft teq 
exploration by 10-76 
hydraulic-mining 10-561 
mucking rates 6-19 

Turam elec prospecting method lO-A-18 
Turbidity of water 55-57 
Turbine state line 40-08 
Turbines, steam 40-18 
Turbo agitator 88—17 
blowers 15-80 

Turbulent flow of liquids SO-U 
Turf ahaft, hoisting 12-69 
refrigerating 14-60 
Turned-vertical shafts 10-86 
Turning point in leveling 17-85 
Turnouts from ditches 35-57 
'n mine drifts 10-221 
RR, cost 17-63 ' 

Tumsheets in mines 11-23, 87-59 
Turntables in mines 11-2.3 
Turquoise, occurrence of 2-32 
Turret co^ cutter 15—15 
Turtle Mt landslide 10-527 
Twin-cable tramways 95-84 el eeq 
Two-cycle engine cards 40-89 
Two-phase a-c generator 48—16 
elec system 45-15 

Two-stage compressors, formulae 89—14 
hoisting 12^6 
Tyler screen series 81-08 
Typhoid 88-84 


TJintaite 2-31 
Ultimate strength 48-08 
Ultra-violet light, testing by 10-26 
Umber, nature of 1-61 
Umeco loader 87-11 
Unbalanced hoisting 12-02, 

Unconformities in rocks 2-16 
Undercurrents 10-669 
Undercut gate 87-86 

Undercutting fur block-caving 10-346,10-351, 
10-362, 10-364. 10-360. 10-362 
Humboldt mine 10-386 
Silver Dyke mine 10-388 
Underground diamond drilling 10-65 et leq 
haulage 10-80 
msgarines 4-18 

metal-mining method, choice of 10-428 
quarries, blasting lu 6-26 
sampling 85-18 
tramways 85-80 
water in shaft-sinking 8-02 
wiring 16>m6 et eeq 
Underhand square-set stopes 10-210 
sloping 10-124, 10-127, 10-151 et eeq 
summary 10-197 
Underlie, angle of 10-162 
Unemployment comp laws 89-05 
Unfair Uber practica 5^15 
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IToloii Miaiftre du Haut Katanga, acoounta 

of M. M & 8 Workers U-M 
Tool Co, rotary drill 9-18 
UnientoWB coal baain, pumping 13-14 
Unit atreaaes in headframes 12-60 
United States Bureau of Mines publications on 
health and safety SS>89 
Coal it Coke Co methods 10-488 
trolley locos 11-41 

coal mines, fatality rates S8-I1 s< seg, M-ST 
non-fatsl accidents 8841 
eoke statistioB 8846 
Geol Surv maps 8648, 8844 
Land Dept 84-18 
mine, meeh loading 8740 
mineral production 8844 
mining laws, sources 8448 
summarised 84^18 el eeq 
theory 8448 
power statistics 4048 
prices of metals, etc 8644 
Public Lands 1740 el aeq 
standard screens 8148 
Steel Corp, stock-purchase plan 8848 
United Verde Ext mine, drift lagging 10-108 
enriched sene 10-20 
Mitchell slicing 10-2,31 
timber bulkhead 10-108 
tunnel, guniting 6-26 
United Verde mine, air-driU testa 1846 
bonus system 8846 
calyx drill in winxes 10-121 
core recovery 9-56 
diamond drilling 9-58, 10-35, 1047 
drift lagging 10-108 
drift round 10-100 
filled flat-back slope 10-248 
filled rill slope 10-273 
open-pit mine 10-441 
sorting 10-471 
raising practice 10-118 
shaft-sinking 7-12 
cost 7-25 

shrinkage slope 10-277 
subsidence 10^526 
timber treating 10-236 
top-slicing 10-320 
trolley locos 11-41 
ventilation 14-06 
Universal coal cutter 1^16 
Unloaders, air-compressor 18-18 
coal-car 8441 

Unozidizsd vein minerals 1-10 
Unwatering mines by air-lift 1847 
by elec pump 18-10 
Uranium, ores of 2-27 
testing for 10-24 
Usee for bituminous coal 8848 
of coking by-products 8848 
for explosives 4-09 
of minerals 1-12 
Utah Copper Co, accounts Sl-OT 
block-caving lU-368 
borehole estimates 10-76 
borehole record 10-53 
churn drilling 10-59 
churn-drill samples 10-45 
open-pit mine 10-440 
tramming 1143 
homestead entry 84i-18 
ref to mining law S4 p>18 
Utica Ext mine, scraping 10410 
tai>-slicing 10408 


Utica mine, top-alidng 10408 


Vacuum la steam condeaeera 48-18 
Valencea of elementa 87-08 
Vallecito-Westem drift mine 10-400 
Volleys, tramways over 88-18 
Valmont dike, mag survey 10-A47 
Valuation of mines 88-08 «( seg 
of prospects 8847 
for tax depletion 8848 
Value of money at interest 4848 

of ore, estimating from boreholes 10-71 
Values ill placer gravel 10 -637 
Valve gear of steam hoists 12-51 
Valves, air-com pressor 18-17 
hammer4rill 1844 
loss of head in 88-18 
ill pipe lines 8848 
pump 4041, 4848 
Vanadium, ores of 2-27 
Van Dyke shaft, sinking 746 
Vane feeder for cool 8844 
Vanning assay 81-11 

Van Ryn Deep mine, pancake column 10-148 
sloping 10-147 
Vepor tension 8844 
Vapors, properties of 88-84 
Variable-4peed d-c motors 48-11 
V-body mine car 11-04 
V-cut roimd in shafts 7-07 
tunneling 648 
Vector diagram 88-80 
Vegetation as guide in prospecting 10-24 
Vein models 19-00 
Veins 1&-03 
dip and strike 10-28 
exploration of 10-76 
lateral development in 10- 82 
narrow, eut-and-fill sloping 10-238 
open-out mining 10-431 
open underhand sloping 10-151 
overhand sloping 10-160 el eeq 
ore, minerals of 1-10 
pitching, mode of entry 10-81 
secondary, extralateral right 8448 
uniting, locating on 88-10 
wide, open underhand sloping 10-154 
Vsiocities, allowable, in pipes 40-88 
Veloci^ 8848 

of air currents, measuring 14-21 
of approach, hydraulic 88-08, 88-10 
of coal-dust explosion 8848 
of mine air currents 14-09 
staging of turbines i(k>16 
of streams 10-665 
of water in ditches S8-SB 
measuring 8849 et aeq 
of waves 10-A-21 

Velometer Ibr air measurementa 18-22 
Vena contracta of jet 8047 
Venezuela, well-logging lO-A-20 
Ventilation of change houses 2841 
at colliery fires 8848 
control of, by analysis 8848 
of loco motors 18-18 
mochhiiici.l 14-39 rl aeq 
mctal-mine 10-89, 10-92 
of mines 1442 et aeq 
personnel 14-06 
of raises 10-116 
restoring in fire area 88-88 
during shaftHsinking 7-11 
sub-level caving 10-320 
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Vratilatioa ia top-dioing 10-302,10-3t9 
in timneb 0-^S. 0-20 
Vaatuii meter for eomp air 10>M 
for gases 30>4M 
water meter SO-SO 
VernUetilite, nature of 1-01 
Vaiiailioa Raage, sub-level caving 10-334 
Veralers 17-OS «(teg 
Vertical angles, by stadia 17-4S 
chutes for anthracite S4-SS 
distances, computing 18-lS 
shafts, mucking in 7-10 
'skip dumping 12-113 
sideline agreements S4Hnr 
sinking pumps 40-8S 
skips 12-110 
Vert-face atope 10-208 
Vert-shaft pockets 12-121 
sets 7-13 

Veaicttlar fillings 10-10 
Vezin sampler SS-OS 
Vibrating screeaa for coni S4-1T, SS-OS 
Victoria deep leads, mining 10-613 
dredging 10-598, 10-509 
mine, diamond driiling 10-30 
611ed rill stops 10-204 
raise round 10-113 
View finders, aerial 1T-4S 
Village Deep mine, cooling 14-57, 14-58 
shaft pocket 12-122 
ventilation 14-00 

Village Main Reef mine, sand filling 10-423 
Vinegar Hill Zinc Co, breast sloping 10-140 
Vipond mine, drifting practice 10-99 
Viscosity, absolute SS-OS 
of gaecs 40-Sl 
of lubricants 41—IS 
of mud fluids 9-10 
of water 40-SS 
Visor gear for hoisting 12-118 
Viaaac coal-cleaning jig 8S-19 
Vitrified tile pipe SS-Sl 
Vlakfontein shaft, sinking 7-30 
Voids in hard rook 5-02 
in sand and gravel 3-03 
Volatiles in coal, determination S0>40 
Volcanic exhalations, minerals of 1-11 
Volt 4S-6S 

Voltage for a-c generators 41^16 
for d-c motors 4S-11 
for mine service 14-OS 
of power stations 4S-SS 
on synchronous motors 4S—IS 
Voltmeter 4S-07 
Volume of air in mines SS-lt 
of eomp air for hoisting 12-54 
Volumes, by calculus S4-S7 
Volumetric effic of compreeaors IS-OS, SS-10 
ventilators 14-43 
Volunteer mine, blasting 10-436 
transport 10-434 
Volute pump 40-S4 
data on 13-12 

V-ayatem of coal mining 10-510 
Vnlcan Iron Wka hoiati^ tags 12-98 


Wabana iron dopoait 2-22 
Wachuastt-Ciddbrook tunnel 6-19 
Wad. nature of 1-51 
Waddle fan 14-40 
Wager Bradford monorail 10-416 
Wagos, Alaska Treadwell Sl-tS 
anthracite mining SS-19 


Wages, Chinese in Malaya 10-680 
of eomp-air workera 8-14 
Goldfield. Nev Sl-68 
methods of paying SS-16 
miners’ SS-QS 
in mining agreements SS-IS 
rates, influence on mechanisation Sf-OI 
aliding acales SS-OS 
S E Missouri Sl-SS 
TraU, BC SS-17 
tunneling 6-27 et sag 
Wagner Act 8S-18 
Wagon breast 10-481 
drill 5-08, 18-SS 

New Cornelia mine 10-448 
haulage, open-pit iron mines 10-436 
roads, cost of 17-63 
Wagon-mounted drill 5-08, IS-SS 
Wagons, haulage in 3-06 
power-drawn 3-07 
in rock excavation 6-23 
Wahlen manometer 14-24 
Waihi mine, pillar mining 10-239 
Waiving extralateral rights 84-86 at tag 
Wales, coal mining 10-504 
Walker detaching hook 12-116 
mine, shrinkage stoping 10-283 
Walling crib 7-21 
Walls, retaining 43-19 et eeq 
s juare-eet support 10- 221 
supporting in atopes 10-153 
thermal resistance of SS—87 
Ward type of Empire drill 9-07 
Ward-Leonard elec hoist 12-69 
hoist control 12-42, 12-43 
system 4S-1S 

Warning boards in mines 8S-8S 
Warrington wire rope 12-20 
Wasco oilfield, bit performance 9-21 
degsaeing mud 0-19 
Wash houses SS-lt 
Wash-boring 9-02 
Washers, dragline dredge 10-601 
for wood-work 43-87 
Waahery water, clarifying SB-S8 
Washing gravel, drift mines 10-607 
before hand sorting SS-17 
Washington coal mining 10-601, 10-603, 

10-509 

NE, diamond-drilling 10-66 
ref to mining law S4-18 
Waste, dumping by tramway S6-44 
filling with 10-248 
shrinkage etopee 10-277 
from hand sorting SS-17 
handling of 10-164 

in underhand atopes 10-163 
packs, Rand 10-149 
Wastes, domestic SS-SO 
Waateways for ditches SS-S7 
Water for anthracite washing S4-S8 
for assaying SIMM 
boiling points of 17-96 
in comp air 1S-S7 
compressibility of SS-OS 
consumption SS-S8 
of steam locos 11-86 
for diamond drills 0-52 
discharge, formula S9>60 
by giants 10-564 
effect on sp gr of rooks 10-A-Bl 
erosion by 2-16 
exploMon-barriera S S-4S 
tat flotation 31-18 
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Water flow through orifices Ma4T 
for gravity stamps Sfi^U 
groand- 2-lii 

for hydraulic elevators 10-573 
for hydraulic miuing 10-661 
level, efleet ou ore enrichment 10-10 
measuring 

Lilly shaft, Nev, cost 7-26 
measuring >0» M 
meters SS>40 
mine, sources of 13-02 
as mineralising agent 10-06 
press, by calculus 36-47 
regulating S3~S1 
for wet drills 13-38 
purification of 33-37 «< »eq 
rats of engines S0~16, 60-17 
for rheolaveur washers Sfi-lS 
rights 34-11 
notice of 38-37 
rings in shafts 13-04 
shaft-sinking 7-13, 7-21 
for rocking placer gravel 10-630 
for rotary drilling 0-10 
sands, temp survey lO-A-28 
in shaft-sinking 7-04 
for sluices 10-664 
for steam condensers 40-10 
storage 88-33 
in subsided areas 10-631 
supply 88-33 
for thawing gravel 10-617 
thrown by noaales 38-81 
vapor in air 80-38, 80-34 
viscosity of 88-48, 44-38 
weight of 88-03 
wheels 40-38 et aeq 

Waterbearing ground, shaft-sinking in 8-02 
et seq 

Water-cooled furnace walls 40-18 
Water-flooding of oil sands 44-83 
Water-gage in ventilation 14-23 
Water-hammer 88-31 
Water-lime 2-29 
Water-tube boilers 40-10 
Watt 48-03 

Watt-hour meter 43-08, 43-81 
Wattmeter 43-07 
Waves, explosion 88-44 
Weak ore, stoping method 10-244 
Wear in chutes 10-407 
on rone crusher 38-10 
of diamonds in drilling 0-66 
on hoisting ropes 12-26 
on tramway cables 38-17 
Weathering of minerals 10-16 
products of 2-09 
of sulphide ores 10-17 
Weber 48-03 

Webster firedamp indicator 38-88 
Weddle’s rule for areas 86-18 
Wedge-cot round in shafts 7-07 
in tunneling 6-08 
Wedges, mensuration of 88-14 
Wedge-wire screen 88-88 
Wedging crib for shaft tubbing 7-22 
Week, working 38-03 
Weeks manometer 14-24 
Weg ogygen apparatus 88-38 
Weighi^ moisture samples 38^418 
ore samples S0-4M 
Weight of a-c generators 43-17 
of sir 38-03 
of assay sample 80-08 


Woighit of cone crushers 38 06 
of crushing roUs 31^11 
of dnll steel 6-04 
of explosivee 4-12 
of gaseous mixtures 14-28 
of gases 88-88 
of gravity stamps 88-18 
of gyratory crushers 88-08 
of hoisting cages 12-101 
of hoisting drums 12-13 
of hoisting sheaves 12-lS 
indioator, oil-well drill 9-23 
of jaw crushers 88-08 
of materials 12-133, 48-38 
of minerals and rocks 86-81 
of rocks 5-03 

of sample of gold ores 88-08 
of skips 12-116 
of soils 3-03 

of steam hoists 12-49, 12-60 
of steel rtuls 11-16 
of storage batteries 48-34 
of water 87-07, 88-08 
of wire rope 12-22 
Weighting of pneumatic shafts 8-13 
Weights, assay 80-04 
Malayan 10-629 
and measures 48-48 et eeq 
metric 48-47 
Weir gage 88-88 
Wain, flow of water over 88-09 
Weiebach ebaft-plumbing method 18>18 
Welded connections 48-48 
pipe, listed 41-18 
rail bonds 18-07 
steel pipe 88-18 
Welding drill steel 6-06 
mine care 11-14 
steel rail 11-15 
Well borer 9-03 
logging, electrical lO-A-19 
WeUhouee treatment of timber 48-88 
Welle with air-lift pumps 16-46 
measuring depth of 9-30 
Well-sinking, blasting for 4-24 
Wenner resistivity metbod lO-A-13 
Wesseltott diamond mine 10-392 
Western Austrslia, handling ore in 10-164 
prospecting 10-32 
spacing of winxes 10-91 
West Ourham pillar robbing 10-603 
West Ugsnda, prospecting in 10-32 
West Va coal mining 10-484 
Westam Meoabi Range, haulage 10-438 
Westfolia oxygon apparatus 88-85 
Weston normal cell 48-08 
Westphal balance 1-06 
Wet blasting, caps for 4r27 
and dry anthracite preparation 84-07 
elec butteries 48-86 
gold-silver ores 2-24 
preparation of anthracite S4HW 
rock drills 18-88 
Wet-deaning of coal 85-18 et teq 
Wetting of coal dust 88-47 
Whaley automate 87-08 
Wheel bearitigs, mine-car 11-09 
gage, mine-car 11-12 
motion, analysed 88-88 
scrapers 3-08,3-14 
Wbeelbonow 3-^ 

Chinese 10-623 
loading of aluieee 10-643 
in rock ••"•avatina 6-23 
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Whmlbonow underKrouBd 11-03 
work in drift mijies iO-611 
Wheeling Twp Cool Milling Co 10-404 
Wheels. car, adhesion at 11-35 
mine-cur 11-08, 11-11 et teq 
for mine skips 12-109 
Whetetonee, nature of 2-28 
Whim, hoisting with 12-57 
shaft-sinking 7-03 
Whietle-pipe sampler 29>04 
Whitedamp, composition S8-06 
Whitehead double-telescope transit 1$-U 
Whiting hoisting system 12-03 
Whitney self-oiling wheel 11-11 
Whitton’s -mercury assay 30-10 
Wide urebudies, filled stofics 10-247 el teq 
outcrops, locating on S4-S4 
Width of atope 10-125, 10-132 
Wild Gooee drift mine, Alaska 10-611 
Mining Co, hVdruulic elevators 10-573 
Willana’ lines for steam engines 40-lT 
Wm Penn coal stripping 10-409 
Willow Cr, Alaska, dragline placer mining 
10-549 

Wilmot Hydrotator S4-1S 
Winches, dredge 10-588 
Wind, effect on ventilation 14-38 
erosion by 2-17 
load on trusses 43-27 
press OR headframes 12-02 
on roof truss 48-52 
Windlass buckets 12-92 
hand 12-57 
shaft-sinking 7-03 
Windows for buildings 43-41 
Wing chutes 10-203, 10-212 
Stulls 10-164 
Winze 10-03 
Winzes 10-119 etsrq 
hand drilling in 10-119 
spacing of 10-91 
sunk with Civlyx drill 10-121 
i>* raises 10-120 
Wire circuits, calculoting 16-04 
for elec transmission 42-26 
gage standards 41-19 
gages, U R 49H05, 49-06 
high-resistance 42-06 
hoisting ropes 12-19 et teq 
pack. Hand 10-149 
rope, sectional areas 12-24 
Wire-rope drives 41-11 
Wire-rope hoisting guides 12-83 
Wires for cleetrir blasting 4-30 
in shaft plumbing 18-16, 18-20 
Wiring of buildings 42-30 
for coyote blasts 5-18 
for electric blasting 4- 20 
underground 16-06 et srq 
Wisconsin Employment Peace Act 22-16 
lead-sine deposits 2-24 
mineral lands 24-11 
SW, churn drilling 10-65 
sine diet, cost of shafts 7-26 
mining methods 10 140 
xinc mine, gasolene lo' o 11—38 
Withdrawals of public lands 84-12 
Witwstersimnd Deep mine, sand fihing 10-424 
Wolf methane detector 28—28 
safety lamp 28-24 
Wolverine mine, open stopiog 10-174 
Wood, avoiding in King mine 10-359 
models of mines IB—09 
piles 48-09 


Wood pipe 88-19 
sheet-piling 8-03 

Woodbury shaft, Mich, sinking 7-09 
Wooden cars 11-03 
gears 41-08 
guides 12-82 
headframes 12-65 ei teq 
bull for dredges 10-681 
pulleys 41-08 

Woodford elec haulage 10-434 
Woods, chissiBcution of 48-80 
Wood-stave pipe for flushing 10-516 
Woodward Iron Co, overhand sloping 10-170 
scraping 10-410 
Work 36-58 

of compressors 39-09 et teg 
cycles 89-03 
diagram 36-58 
equations for 89-02 
Working faces, air currents in 14-10 
hours, anthracite mines 22-19 
places, ventilation of 14-05 
season, hydruuUc mining 10-552 
shaft, sinking in 7-11 
stress, defined 48-03 
Worm gears 41-02, 41-03 
Worthington compressor 16-17 
Wound-rotor motors, cost 16-28 
for hoists 12-43 
Wounds, treating 28-63 
Wright-Hargreaves mine, filled rill stope 
10-263 

overhand stoping 10-165 
raise round 10-113 
shrinkage stoping 10-278 
Wrought iron, properties 48—18 
Wrought-iron pipe 88-18 
Wuenach coal-cleaning method 85-19 
Wurtzilite 2-31 

Wyandotte Cr, Cal, dragline dredging 10-604 
Wyoming coal mining 10-496 
cost of oil wells 9-37 
dragline placer mining 10-547 
ref to mining law 84-15 
Wyoming valley mines, pumping 13-14 


X-ray mineralogy 1-09 


Yellow Aster mine, bore testing 10-56 
Yellow dog’' contracts 82-15 
Yellow fever 28-84 
Yield, aver, of coke 85-80 
daily mining 80-04 
point 48—02 
Y-level 17-08 

Young’s modulus 10-A-21, 48-02 
Yuba Mfg Co dredges 10-578 el teq, 10-S9C 
Yukon Cons Gold Corp, dn>dging 10-594 
thawing frozen gravel 10-817 
Yukon, duty of water 10-556 
Gold Co, steam thawing 10-617 
Terr, mining law 24f-U 


Zacatecas, Mez, glory-hole mining 10-462 
Zsruma, Ecuador, concrete shaft sets 7-19 
Zeche ^dbod mine, refrigerating 14-61 
Zenith mine, Minn, shot-boring 9-62 
Zimmermsnn’s fault rule 2-14 
Zinc chloride aa timber preservative 10-236 
dust, precipitation on 88-24 
ores 2-23, 2-24 
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Ziae orea, wsayinc 

sale of SS-Xd. 8>-16 
penalty for SS>M 

precipitation from cyanide aob SS<^, 
SS-M et (eg 

abavinge, precipitation on St-tl 
Wis. mini^ methods 10-140 


Zlnc-tannin treatment of timber 43-48 
Zirconium, source of 2-27 
Zonal distribtttioa of ores 2-10 
Zone, circular, area of 33-18 
spherical, mensuration of S3-18 
Zones, crystal 1-03 
Zoning in ore enrichment 10-^ 







